Errata

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-Packard's former test and
measurement, semiconductor products and chemical analysis businesses are now part of Agilent Technologies. To
reduce potential confusion, the only change to product numbers and names has been in the company name prefix: where
a product number/name was HP XXXX the current name/number is now Agilent XXXX. For example, model number
HP8648 is now model number Agilent 8648.

Ce manuel peut contenir des références a <<HP>> ou <<Hewlett-Packard.>> Veuillez noter que les produits de test et
mesure, de semi-conducteur et d'analyse chimique qui avaient fait partie de la société Hewlett-Packard sont maintenent
une partie de la société Agilent Technologies. Pour reduire la confusion potentielle, le seul changement aux noms de
reference a été dans le préfixe de nom de société : 1a ot un nom de référence était HP XXXX, le nouveau nom de
référence est maintenant Agilent XXXX. Par example, le HP 8648 s'appelle maintenent Agilent 8648.

Diese Gebrauchsanweiseung kann Bezug nehmen auf die Namen HP oder Hewlett-Packard. Bitte beachten Sie, dass
ehemalige Betriebsbereiche von Hewlett-Packard wie HP-Halbleiterprodukte, HP-chemische Analysen oder HP-Test-
und Messwesen nun zu der Firma Agilent Technology gehoren. Um Verwirrung zu vermeiden wurde lediglich bei
Produktname und - Nummer der vo laufende Firmenname gedndert: Produkte mit dem Namen/Nummer HP XXXX
lauten nun mehr Agilent XXXX. Z.B, das Modell HP 8648 heifit nun Agilent 8648.

Questo manuale potrebbe contenere riferimenti ad HP o Hewlett-Packard. Si noti che le attivita precedentemente gestite
da Hewlett-Packard nel campo di Test & Misura, Semiconduttori, ed Analisi Chimica sono ora diventate parte di
Agilent Technologies. Al fine di ridurre il rischio di confusione, I'unica modifica effettuata sui numeri di prodotto e sui
nomi ha riguardato il prefisso con il nome dell'azienda : dove precedentemente compariva "HP XXXX" compare ora
"Agilent XXXX". Ad esempio: il modello HP8648 ¢ ora indicato come Agilent 8648.

Este manual puede hacer referencias a HP o Hewlett Packard. Las organizaciones de Prueba y Medicién (Test and
Measurement), Semiconductores (Semiconductor Products) y Anélisis Quimico (Chemical Analysis) que pertenecian a
Hewlett Packard, ahora forman parte de Agilent Technologies. Para reducir una potencial confusion, el tinico cambio en
el nimero de producto y nombre, es el prefijo de la compafifa: Si el producto solia ser HP XXXX, ahora pasa a ser
Agilent XXXX. Por ejemplo, el modelo HP8648 es ahora Agilent 8648.
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HP 8970B NOISE FIGURE METER

This manual covers operation of the Noise Figure Measurement System, including the HP 8970B,

the HP 89718, and the HP 8971C. System Local Oscillators are covered only in their operation
as a part of this system.

Before operating the Noise Figure Meter, read the following information:

» Error 19

If error 19 is displayed during the calibration of the Noise Figure Measurement System, refer
to the back of this page for troubleshooting help.

» Recording IF Cal Data

Refer to paragraph 2-14, “Recording IF Cal Data”, in Section II of the HP 8970B Operating
Manual. The IF attenuator data is needed to return the Noise Figure Meter to specified
operation should a non-volatile memory failure occur (Error E-80).

» For Those Familiar With The HP 8970B Noise Figure Meter, Please Note:

The procedure for calibrating the IF attenuators has changed. If E-26 or E-13 should occur,

refer to the “Calibrate, IF Attenuator” detailed operating instruction in Section III of the HP
8970B Operating Manual.

* Maximum Input Power

The maximum average power level for a CW signal at the RF INPUT connector of the HP
8970B must not exceed +20 dBm (100 mW), or +13 dBm (20 mW) for option 020. The
maximum power for a pulsed signal is also +20 dBm (100 mW), or +13 dBm (20 mW) for

option 020. The HP 8970B may be damaged by voltages exceeding & 20 Vdc at the RF INPUT
connector.

* Using the HP 346A Noise Source with the HP 8370S/T, or HP 8970B Opt 020 and HP 8971B/C

A preamplifier is required when using the HP 346A Noise Source to calibrate a system.
Typically, a preamplifier with > 15 dB of gain and < 6 dB noise figure will work. Without a
preamplifier, error E-19 will result when trying to perform a YIG-tuned filter fine peak
calibration (36.3 SPECIAL FUNCTION or 36.4 SPECIAL FUNCTTION) and error E-27 will
result when trying to calibrate the Noise Figure Meter with 36.1 SPECIAL FUNCTION active
(Disable YIG Tune in Cal). This applies to the HP 346A Noise Source only.

» Using the HP 346A Noise Source with the HP 8970A/B

A preamplifier may be required when using the HP 346A Noise Source to calibrate the HP
8970A/B Noise Figure Meter. If error E-27 occurs after pressing the CALIBRATE key on the
noise figure meter, use a preamplifier to correct the situation. Typically, a preamplifier with >
10 dB of gain and < 6 dB noise figure will work.

(cont’d on reverse side)




(cont’d from reverse side)

¢ Error 19

Error 19 is a Noise Figure Measurement System error. The Noise Figure Measurement System
consists of the Noise Figure Meter, Noise Figure Test Set and the System LO. If Error 19 is

displayed, use the following steps before assuming that the Noise Figure Measurement System is
malfunctioning:

1. Verify that the System LO has been connected to the Noise Figure Meter (System Interface

Bus) and the Noise Figure Test Set (System Interface Bus and 1.O INPUT) correctly and with
the proper type of cable.

2.Be sure the correct Special Function 41.X has been selected for the System LO being used.

3.Verify that the power level of the system LO is at least +7 dBm. It is assumed that the cable
from the System LO to the Noise Figure Test Set is the cable that was shipped with the Noise
Figure Test Set. If the cable is longer, a higher power will be needed. The power level at the

Noise Figure Test Set input mixer needs to be at least +7 dBm. The power level of the system
LO can be changed using Special Function 42.5.

4.Be sure at 2050MHz the System LO’s AM noise is below -156 dBM/Hz and that spurs are
below -45 dBm in the 10 to 2100 MHz (2400 MHz for opt 020) range and -15 dBm in the 2.1

to 18 GHz (2.4 for opt 020) range. Having AM noise and spurs outside these limits could
cause a problem when calibrating.

5.When the HP 8673B/D is the System LO, be sure that the K-band amplifier is disabled for
frequencies above 16 GHz. Disabling the K-band amplifier is described in the Noise Figure

Meter Operating Manual, Programs Available to Control The System LO Detailed Operating
Instructions.

6.Verify that the HP 346A noise source is not being used during the calibration of the Noise
Figure Measurement System. The HP 346A does not have enough ENR to be used for a
calibration. However, the HP 346A can be used when making a measurement.

7.Verify that FM and television signals, that fall within the input range of the Noise Figure
Meter, are not leaking into the Noise Figure Measurement System and causing a problem. A

spectrum analyzer can be used to look for spurs at the 20 MHz IF OUT. If spurs are found,
the device under test may need shielding.

8.Be sure that the following special functions have been enabled:
Special Function 45.1, Enable the Noise Figure Test Set in all Modes.
Special Function 46.0, Enable the System LO commands.
Special Function 48.0, Enable the Noise Figure Meter as the system controller.

9.Be sure if a preamplifier is being used, that the calibration takes place within the passband of
the preamplifier.

10.If the preceding steps didn’t help, try using Special Function 0.9 to set the Noise Figure
Meter to the factory preset condition. Then try Calibrating again.

11.If a problem still exists after using Special Function 0.9, refer to the Operator’s Checks in
the Noise Figure Meter Operating Manual to determine the instrument that is malfunctioning.
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Special Considerations when using a bias tee with the
HP 8970B Option 020 Noise Figure Meter

There is a possibility that the input section of the HP 8970B Option 020 Noise Figure Meter could be damaged during
the measurement setup conditions of certain devices such as Low Noise Blocks (ILNB’s).

Typically, these devices are biased through their RF port using a bias tee. Due to the reactive components, contained
within the bias tee, large transient voltages may be generated when either:

i.  The DC supply to the Device Under Test (DUT) is suddenly switched on or off.

1. The DC supply is interrupted when the DUT is connected to, or disconnected from, the bias tee.

Hewlett-Packard have investigated this measurement application and have some recommendations to reduce any risk of
damage.

If your instrument serial prefix is less than 3811, then consider recommendations 1 and 2. Recommendation 1 provides
adequate protection; for the most robust solution, combine both recommendations.

If your instrument serial prefix is 3811 or greater, input protection circuitry has been added to the product; however,
recommendation 1 should be considered good practice.

1. Ensure that the HP 8970B Noise Figure Meter is in low sensitivity mode before the DUT power is
switched off, and remains so until after the DUT power is switched back on. This mode switches 30 dB
of attenuation into the input path, protecting the input circuitry. The HP 8970B Noise Figure Meter is put
into low sensitivity mode by selecting 60.6 Special and returned to auto-ranging mode by selecting 60.0
special. If the unit is under remote program control, low sensitivity is selected by command “R6” and
auto-ranging mode by “R0”.

Ensure the DC supply to the bias tee is switched off before the DUT is disconnected, and is not switched
on until the next DUT is connected.

2. Usea microwave limiter (HP part number 5086-7746) to reduce the amplitude of any voltage transients
presented to the input section. This can be purchased from your nearest Hewlett-Packard Sales Office.
This device has been thoroughly evaluated and causes no degradation in instrument specifications.




. 8970B Recommended Local Oscillators

The following is a list of recommended Local Oscillators (LO) for the 8970B along with the

language settings and special functions used to envoke the corresponding System L.O programs in
the 8970B.

Model Number Language Mode Special Function
83751A/52A 8350 41.0
8671B/72B N/A 41.2
8673B/C/E/G N/A 413
8340B/41B N/A 414
83620A/22A/30A/40A/50A Analyzer 414
83711A/12A/31A/32A N/A 41.5*%
83711B/12B/31B/32B SCPI 41.5%
83711B/12B/31B/32B 8673 413

#The Custom Local Oscillator Program (Special Function 41.5) is meant to be used with local
oscillators that require anywhere from two (2) to twenty-two (22) ASCII characters to define the
command sequence that sets the output frequency or output power. Special Function 41.5 default

data will control the: 83711/12/31/32 (SCPI MODE), no custom programming is needed for these
units.

For detailed programming information see Section Il “Programming the System LO (DOI cont’d)”.



Noise Declaration
LpA < 70dB

am Arbeitsplatz (operator position)
normaler Betrieb (normal position)
nach DIN 45635 pt.19 (per ISO 779)

Statement of Compliance

Electromagnetic Compatibility (EMC) Information

This product has been designed to meet the protection requirements of the European Communities
Electromagnetic Compatibility (EMC) directives:

EN55011:1991 (Groupl, Class A)
EN50082-1:1992

- IEC 1000-4-2 (1995) ESD

- IEC 1000-4-3 (1995) Radiated Suseptibility
-IEC 1000-4-4 (1995) EFT

In order to preserve the EMC perfortmance of the product, any cable which becomes worn or
damaged must be replaced with the same type and specification.

Safety Information

This instrument has been designed and tested in accordance with publication EN61010-1(1993)/
TIEC 1010-1(1990) +A1(1992) +A2(1994) / CSA C22.2 No. 1010.1(1993) Safety Requirements for
Electrical Equipment for Measurement, Control and Laboratory Use, and has been supplied in a safe
condition. The instruction documentation contains information and warnings which must be
followed by the used to ensure safe operation and to maintain the instrument in a safe condition.




Declaration of Conformity
according to ISO/IEC Guide 22 and EN45014

Manufacturer’s Name: Hewlett-Packard Ltd.
Manufacturer’s Address: Queensferry Microwave Division
South Queensferry

West Lothian, EH30 9TG
Scotland, United Kingdom

Declares that the product

Product Name: Noise Figure Meter
Modet Numbers: HP 8970B
Product Options: This declaration covers all options of the above products as detailed in

TCF A-5951-9852-02

Conforms with the protection requirements of European Council Directive 89/336/EEC on the approximation
of the laws of the member states relating to electromagnetic compatibility.

Against EMC test specifications EN 55011:1991 (Group 1, Class A) and EN 50082-1:1992

As Detailed in: Electromagnetic Compatibility (EMC)
Technical Construction File (TCF) No. A-5951-9852-02

Assessed by: Dti Appointed Competent Body
EMC Test Centre,
GEC-Marconi Avionics Ltd.,
Maxwell Building,
Donibristle Industrial Park,
K¥Y115LB
Scotland, United Kingdom

Technical Report Number:6893/2200/CBR, dated 23 September 1997
Supplementary Information:
The product conforms to the following safety standards:

EN 61010-1(1993) / IEC 1010-1(1990) +A1(1992) +A2(1994)
CSA-C22.2 No. 1010.1-93
EN 60825-1(1994) / IEC 825-1(1993)

The product herewith complies with the requirements of the Low Voltage Directive 73/23/EEC, and carries the CE-
marking accordingly.

South Queensferry, Scotland 11 May 1998 g aA ? W

Location Date R.M. Evans / Quality Manager

Europe Contact::
Your Local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department 2Q / Standards Europe
Herrenberger Strasse 130, D7030 Boblinger (Fax: +49-7031-143143)



Declaration of Conformity
according to ISO/IEC Guide 22 and EN45014

Manufacturer’s Name: Hewlett-Packard Ltd.
Manufacturer’s Address: Queensferry Microwave Division
South Queensferry

West Lothian, EH30 9TG
Scotland, United Kingdom

Declares that the product

Product Name: Noise Figure Test Set
Model Numbers: HP 8971C
Product Options: This declaration covers all options of the above products as detailed in

TCF A-5951-9852-02

Conforms with the protection requirements of European Council Directive 89/336/EEC on the approximation
of the laws of the member states relating to electromagnetic compatibility.

Against EMC test specifications EN 55011:1991 (Group 1, Class A) and EN 50082-1:1992

As Detailed in: Electromagnetic Compatibility (EMC)
Technical Construction File (TCF) No. A-5951-9852-02

Assessed by: Dti Appointed Competent Body
EMC Test Centre,
GEC-Marconi Avionics Ltd.,
Mazxwell Building,
Donibristle Industrial Park,
KY115LB
Scotland, United Kingdom

Technical Report Number:6893/2200/CBR, dated 23 September 1997
Supplementary Information:
The product conforms to the following safety standards:

EN 61010-1(1993) / [EC 1010-1(1990) +A1(1992) +A2(1994)
CSA-C22.2 No. 1010.1-93
EN 60825-1(1994) / [EC 825-1(1993)

The product herewith complies with the requirements of the Low Voltage Directive 73/23/EEC, and carries the CE-
marking accordingly.

South Queensferry, Scotland 11 May 1998 ? aA ?’ W A

Location Date R.M. Evans !/ Quality Manager

Europe Contact:

Your Local Hewlett-Packard Sales and Service Office or Hewlett-Packard GmbH, Department 2Q / Standards Europe
Herrenberger Strasse 130, D7030 Boblinger (Fax: +49-7031-143143)




CONTENTS

GENERAL INFORMATION
Introduction
Specifications . . . . . . . ... oo ..
Safety Conmsiderations . . . . . . . . . . . . . .
Instruments Covered by Manual
Manual Updates
Description . . . . . . . . . . o oo
Noise Figure Meter . . . . . . . . . . . . . .
HP 8970S/T/U Noise Figure Measurement System
Mechanical Options . . . . . . . . . . . . « ..
Front Handle Kit (Option 907)
Rack Flange Kit (Option 908) . . . . . . . . .
Rack Flange and Front Handle Combination Kit
(Option 909) . . . . . . . . . . ... .
Hewlett-Packard Interface Bus (HP-IB)
Compatibility . . . . . . . . . . . . . . ..
Selecting the HP-IB Address
System Interface Bus (SIB)
Compatibility . . . . . . . . . . . . .. .
Selecting the SIB Address
Accessories Supplied . . . . . . ..o oL
Equipment Required But Not Supplied
Electrical Equipment Available
HP-IB Controllers . . . . . . . . . . . . ..
External Mixers and System Local Oscillators
Waveguide/Coax Adapters . . . . . . . . . .
Front-to-Rear-Panel Connector Retrofit Kit
Mechanical Equipment Available
Chassis Slide Mount Kit . . . . . . . . . . . .
Chassis Tilt Slide Mount Kit
Recommended Test Equipment

..................

.........

................

.........

......

..........

...........
...........

......

.........

..........

..........

INSTALLATION
Introduction . . . . . . . .« < . < o o ..
Initial Inspection . . . . . . . . . . . o .. - .
Preparation For Use
Power Requirements . . . . . . . . . . . . .
Line Voltage and Fuse Selection
Power Cables . . . . . . . . . . . . . .
Address Selection - HP-IB
Interconnections

..............

...........

...............

1-1
1-1
1-1
1-1
11
1-2
1-2
1-4
1-4
1-4
1-4

1-5
1-5

1-5
1-5

1-5
1-5

1-5
1-5
1-6
1-6
1-6
1-6
1-6
1-6

2-1
2-1
2-1
2-1
2-1

2-2
2-4



Contents HP 8970B

{INSTALLATION (cont’d)
HP 8970S/T/U Noise Flgure Measurement System 2-4

Mating Connectors . . . . . . . . . . . . . . 2-4
Operating Environment . e e e e 2-4
Bench Operation . . e e e e e 2-4
Rack Mounting . . . . . . . . . . . . . . .. 2-4
Recording IF Attenuator Va.lues e e 2-6
Storage and Shipment . . . . . . . . . . .. .. 2-6
Environment . . . . . . . . .. oL oL L. 2-6
Packaging . . . . . . . . . .. .. ... 2-6
lill. OPERATION
Intreduction . . . . . . . . . ..o oo 3-1
Operating Characteristics e e e 3-1
Local Operation e e e e e e e 3-1
Operator’s Checks . . . . . . . . . . . . .. 3-2
Operator’s Maintenance . . . . . . . . . . . . 3-2
General Operating Instructions . . . . . . . . . . 3-2
Tarn-On . . . . . . . e e e e 3-2
Keystroke Sequences . . . . . . . . . . . .. 3-3
Operator’s Checks e e e e e e e e e 3-15
Basic Functional Checks . . . . . . . . . . .. 3-15
HP-IB Functional Checks . . . . . . . . . .. 3-21
Noise Figure Measurement System Check . . . . 3-28
Remote Operation . . . . . . . . . . . . . .. 3-33
HP-IB Compatibility . . . . . . . . . . . .. 3-33
Remote Mode . . . . . e e e e e e e e 3-33
Local Mode . . . . . . . . . . . . ... .. 3-33
Addressing . . . . . e e e e e e e e e e 3-33
Data Messages . . . . . e e e e e e e 3-34
Receiving the Data Message e e e e e e 3-34
Sending the Data Message . . . . . . . . . .. 3-37
Receiving the Clear Message . . . . . . . . . . 3-38
Receiving the Trigger Message . . . . . . . . . 3-40
Receiving the Remote Message . . . . . . . . . 3-40
Receiving the Local Message . . . . . . . . . . 3-40
Receiving the Local Lockout Message . . . . . . 3-41
Receiving the Clear Lockout/Set Local Message . 3-41
Receiving the Pass Control Message . . . . . . 3-41
Sending the Require Service Message . . . . . . 3-41
Enabling the Service Request Condition . . . . . 3-41
Sending the Status Byte Message . . . . . . . . 3-42
Clearing the Status Byte e e e e 3-43
Sending the Status Bit Message . . . . . . . . 3-44
Receiving the Abort Message . . . . . . . . . 3-44
HP-IB Syntax and Characteristics Summary . . . . 3-45
Remote HP-IB Operation . .. ............... 3-46.1

vi



HP 8970B

Detailed Operating Instructions (DOI)

Calibrate . . . . . . . . . . . ..
Calibration, Frequency . . . . . . . . .
Calibration, IF Attenuators
Calibration, Input Gain Selection
Controller Capability of the Noise Figure Meter

........

Contents

3-59
3-65
3-67
3-69
3-71

Data Output to Oscilloscopes, Recorders and Plotters  3-73

Display Control . . . . . . . .
Display Resolution . . . . . . .
Display Units Selection . . . . . . . . . . ..
ENR Table Entry . . . . . . .

.......

Error Messages (DOl cont’d)

.........

Error Messages and Recovery
Fixed Frequency Increment . . . . . . . . . .
Fixed Frequency Tuning . . . . . . .
Fixed IF or LO Frequency Selection . . . . . .
HP-IB and System Interface Bus (SIB) Addresses
IF Attenuation Selection . . . . . . . . . ..
Loss Compensation . . . . . . . . . . .
Manual Measurement Functions

.....

Measurement Modes (DO! cont’d

Measurement Modes . . . . . . . . . . . ..
Measurement Mode 1.0 . . . . . . .
Measurement Mode 1.1 . . . . .
Measurement Mode 1.2 . . . . .
Measurement Mode 1.3
Measurement Mode 1.4
Measurement Mode 1.5 . . . . . . . . . . ..
Measurement Mode 1.6 . . . . . . .
Measurement Mode 1.7
Measurement Mode 1.8
Measurement Mode 1.9 . . . . . . .

.....

.......
............

............

............

Noise Figure (Uncorrected) and Noise Figure and

Gain (Corrected)
Power Measurements
Preset Conditions and Power-Up Sequence . .
Programming the System LO

RF Attenuation Selection

Sideband Selection
Smoothing (Averaging)

Special Function Catalog
Special Functions

.............

............

Noise Figure Test Set YIG Filter Calibration . . .

.............

.............

Programs Available to Control the System LO . .

Sequence . . . . o4 e v e e e e e e e e

3-81
3-83
3-85
3-87

3-125
3-132
3-135
3-140
3-145
3-150
3-155
3-160
3-168
3-176
3-183
3-190

3-198
3-200
3-205
3-211.1
3-219
3-222
3-224
3-226
3-230
3-233
3-235

vii



Contents

HP 89708
Special Functions Summary (DOI cont’d)
Spot ENR, Thots Tcold and ENR Table Selection . 3-254
Store and Recall . . . . . . . . .. e e 3-257
Sweep . . . . . . . . . ... e e e 3-258
System Interface Bus Control . . . . . . . . . 3-262
Temperature Units Selection . . . . . C e 3-271
Trigger Selection . . . . . . . . . . . . . .. 3-273
IV. PERFORMANCE TESTS
Introduction . . . . . . . . . . .. e e 4-1
Equipment Required . . . . . . . . . . . A 4-1
Test Record . . . . . . . . . . . .. G e 4-1
Calibration Cycle . . . . . . . . . .. C e 4-1
Tuning Accuracy Performance Test . . . . . . . . 4-2
Input SWR Performance Test . . . . . . . . . 4-4
Noise Figure Range and Accuracy Performance Test 4-6
Gain Measurement Uncertainty Performance Test . 4-10
Instrument Noise Figure Performance Test . . . . . 4-19
HP 8971B/C Performance Tests
Introduction . . . . . . . . . . .. C e e e 4-29
Equipment Required . . . . . . . . . . . . .. 4-29
Performance Test Record . . . . . . . . . . .. 4-29
Calibration Cycle . . . . . . . . . .. e e 4-29
Performance Test Procedures . . . . . e e 4-29
Input SWR Performance Tests . . . . . . Coe e 4-30
Input SWR Performance Test . . . . . e 4-35
Noise Figure Test . . . . . . . . . e 4-40
Image and Third Harmonic Rejection Test Ce . 4-49
Noise Figure and Gain Test (Includes Repeatability . 4-60

viii



|

ILLUSTRATIONS

1-1.

1-2,

2-4.

3-1.
. Display and Remote Features
3-3.

3-15.
3-16.
3-17.
3-18.
3-19.
3-20.
3-21.
3-22.
3-23.
3-24.
3-25.
3-26.
3-27.
3-28.
3-29.
3-30.

. Line Voltage and Fuse Selection
2-2.
2-3.

M A

HP 8970B Accessories Supplied, and Options 907,
908,and 909 . . . . . . ..o

HP 8971B/C Accessories Supplied and Option . .

........

Power Cable and Mains Plug Part Numbers

Hewlett-Packard Interface Bus and System Interface
Bus Connections . . . . . . . . . . . ..

Noise Figure Measurement System Interconnections

Front Panel Features

.............

GAIN MAX, GAIN MIN, NOISE MAX and NOISE
MIN Features

...............

. LINE Switch, PRESET and SOURCE Features
3-5.
3-6.
3-7.
3-8.
3-9.

3-10.

3-11.

3-12.

3-13.

3-14.

SWEEP and FIXED FREQ Features . . . . . .
DATA and SPECIAL FUNCTION Teatures
MEASUREMENT and INPUT Features
Rear Panel Features . . . . . . . . . . . . .
HP 8971B/C Front Panel Features
HP 8971B/C Rear Panel Features
Basic Functional Checks Setup
Test Pattern on Oscilloscope . . . . . . . . . .
Noise Figure Measurement System Check Setup
Example Flow Chart for Driving the Noise Figure
Meter Using the Require Service Message (SRQ)
Test Pattern on Oscilloscope . . . . . . . . . .
Swept Measurement on Oscilloscope . . . . . .
Swept Measurement on Scalar Analyzer . . . . .
Noise Figure Meter Measurement Passband
Measurement Mode 1.0 Calibration Setup
Mode 1.0 Measurement Setup . . . . . . . . .
Measurement Mode 1.1 Calibration Setup
Measurement Mode 1.1 Setup . . . . . . . . .
Measurement Mode 1.2 Calibration Setup
Measurement Mode 1.2 Setup . . . . . . . . .
Measurement Mode 1.3 Calibration Setup . . . .
Measurement Mode 1.3 Setup . . . . . . . . .
Measurement Mode 1.4 Calibration Setup
Measurement Mode 1.4 Setup . . . . . . . . .
Measurement Mode 1.5 Calibration Setup .
Measurement Mode 1.5 Setup

.......

.........

ix



Contents

3-31.
3-32.
3-33.
3-34.
3-35.
3-36.
3-37.
3-38.
3-39.
3-40.
3-41.

4-1.
4-2,
4-3.
4-4.
4-6.
4-7.
4-8,
4-9.
4-10.
4-11.
4-12.
4-13.
4-14.

4-15.

Measurement Mode 1.6 Calibration Setup
Measurement Mode 1.6 Setup . . . . . . . . .
Measurement Mode 1.7 Calibration Setup
Measurement Mode 1.7 Setup . . . . . . . . .
Measurement Mode 1.8 Calibration Setup
Measurement Mode 1.8 Setup . . . . . . . ..
Measurement Mode 1.9 Calibration Setup
Measurement Mode 1.9 Setup
Y1G Filter Calibration Setup
YIG Filter Calibration Setup . . . . . . . . .
Special Functions . . . . . . . . . . . . . ..

Input SWR Test Setup . . . . . . . . . . ..
Noise Figure Instrumentation Accuracy Test Setup
IF Attenuator Calibration Setup
Gain Measurement Uncertainty Test Setup
SWR Test Setup . . . . . . . . . . . .. L.
Fine Peak YIG Test Setup . . . . . . . . . . .
SWR Test Setup . . . . . . . . . . . . ...
Noise Figure Calibration Test Setup . . . . . .
Noise Figure Test Setup . . . . . . . . . . ..
Image and Odd Harmonic Rejection Test Setup
Gain Test Reference Setup SSB1 . . . . . . . .
Gain Test Setup SSB1 . . . . . . . . . . ..
Noise Figure and Gain Calibration Test Setup
SSB2/SSB3 . . . . . . . .. .. ... ..
Noise Figure and Gain Test Setup SSB2/SSB3 . .

HP 8970B

3-164
3-164
3-172
3-173
3-180
3-181
3-187
3-187
3-193
3-195
3-233

4-4

4-7
4-11
4-16
4-31
4-36
4-37
4-41
4-42
4-50
4-61
4-63

4-64

4-68 .




TABLES

1-1. Noise Figure Meter Specifications . . . . . . . . 1-7
1-2. Noise Figure Meter Supplemental Characteristics . 1-9
1-3. Noise Figure Measurement System Specifications . 1-10
1-4. Noise Figure Measurement System Supplemental
Characteristics . . . . . . . . . . . . . . 1-11
1-5. HP 8971C Specifications . . . . . . . . . . . . 1-12
1-6. HP 8971C Supplemental Characteristics . . . . . 1-13
1-7. Noise Figure System Specifications (HP 8970B with
HP 8971C Std. and Opt. 001 . . . . . . . . 1-14
1-8. Supplemental Characteristics (HP 8970B with HP
8971C and Opt. 001) . . . . . . . . . .. 1-15
1-9. Noise Figure System Specifications (HP 8970B with
HP 8971C Option 002) . . . . . . . . . . . 1-16
1-10. Supplemental Characteristics . . . . . . . . . 1-17
1.11. HP 8970B or HP 8970B Opt. 020 Recommended Test
Equipment . .......... ... ... ... .. ... 1-18
1.12 HP 8970B or HP 8970B Opt. 020 Recommended Test
Equipment . .......... ... ... .. .. ... 1-19
1-13 HP 8971C Recommended Test Equipment . . ... .. 1-20
1-14 HP 8971B Recommended Test Equipment . . ... .. 1-21
2-1. Noise Figure Meter Factory Set Addresses . . . . 2-4
2-2. ASCII Address Codes to Decimal Equivalents . . 2-4
3-1. Operating Characteristics . . . . . . . . . . . 3-3
3-2. Detailed Operating Instructions Table of Contents
(Functional) . . . . . . .. . . .. ... 3-6
3-3. Message Reference Table . . . . . . . . . .. 3-35
3-4. Functions Not Programmable Via HP-IB . . . . 3-36
3-5. HP-IB Data Output Summary . . . . . . . . . 3-38
3-6. Response to a Clear Message (or Pressing PRESET)  3-39
3-7. Service Request Enabled Conditions Summary . . 3-42
3-7.1 Programming Quick Reference Guide . ....... 3-46.2
3-7.2 HP-IB Message Reference Table . .......... 3-46.8
+3-73HP-IBProgram Codes . ................ 3-46.10
3-8. Noise Figure Meter HP-IB Code to Parameter
Summary . . . . . 4 . . e e e e e e e 3-47
3-9. Special Function to HP-IB Code . . . . . . . . 3-51
3-10. Front Panel Keys to HP-IB Code Summary . . . 3-57
3-11. Commonly Used Code Conversions . . . . . . . 3-58
3-12. Front Panel Summary . . . . . . . . . . . .. 3-206



Contents HP 8970B
3-13. Special Function 0.9 and Preset Default Values for

Special Functions . . . . . . . . . . ... 3-207

3-14. Special Function Summary . . . . . . . . . . 3-239
4-1. IF Attenuator Values . . . . . . . . . . . .. 4-14
4-2, Performance Test Record . . . . . . . . . .. 4-23
4-3. HP 8971B/C SWR TestResults . . . . . . . .. 4-34
4-4, HP 8971B/C SWR Test Results . . . . . . . . . 4-39
4-5. HP 8971C SSB1 Noise Figure Test Results . . . . 4-43
4-6. HP 8971C SSB2 Noise Figure Test Results . . . . . 4-45
4-7. HP 8971C SSB3 Noise Figure Test Results . . . . 4-48
4-8, Power Reference, Image and Harmonic . . . . . 4-52
4-9, HP 8971B Image and Third Harmonic Rejection . . 4-53
4-10. Performance Test Record . . . . . . . . . .. 4-54
4-11. HP 8971B SSB1 Noise Figure and Gain . . . . . . 4-62
4-12. HP 8971B SSB1 Repeatability . . . . . . . . . . 4-63
4-13. HP 8971B SSB2 Noise Figure and Gain ., , . . . . 4-66
4-14. HP 8971B SSB2 Repeatability . . . . . . . . . . 4-67
4-15. HP 8971B SSB3 Noise Figure and Gain . . . . . . 4-71
4-16. HP 8971B SSB3 Repeatability (YIG Tuning) . . . . 4-74
4-17. HP 8971B SSB3 Reapeatability (Microwave Relays) - 4-75
4-18. HP 8971B DSB Repeatability (Microwave Relays) . 4-78




HP §970B General Safety Information

General Safety Information

The following general safety precautions must be observed during all phases of operation, service, and repair of
this instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual
violates safety standards of design, manufacture, and intended use of the instrument. Hewlett-Packard Company
assumes no liability for the customer’s failure to comply with these requirements.

WARNING

This is a Safety Class I instrument (provided with a protective earthing ground, incorporated in the
powercord). The mains plug shall only be inserted in a socket outlet provided with a protective earth
contact. Any interruption of the protective conductor inside or outside of the instrument is likely to make
the instrument dangerous. Intentional interruption is prohibited.

DO NOT operate the product in an explosive atmosphere or in the presence of flammable gasses or fumes.

DO NOT use repaired fuses or short-circuited fuseholders: For continued protection against fire, replace the line
fuse(s) only with fuse(s) of the same voltage and current rating and type.

DO NOT perform procedures involving cover or shield removal unless you are qualified to do so: Operating
personnel must not remove equipment covers or shields. Procedures involving the removal of covers and shields
are for use by service-trained personnel only.

DO NOT service or adjust alone: Under certain conditions, dangerous voltages may exist even with the
equipment switched off. To avoid dangerous electrical shock, service personnel must not attempt internal service
or adjustment unless another person, capable of rendering first aid and resuscitation, is present.

DO NOT operate damaged equipment: Whenever it is possible that the safety protection features built into this
product have been impaired, either through physical damage, excessive moisture, or any other reason, REMOVE
POWER and do not use the product until safe operation can be verified by service-trained personnel. If necessary,
return the product to a Hewlett-Packard Sales and Service Office for service and repair to ensure the safety
features are maintained.

DO NOT substitute parts or modify equipment: Because of the danger of introducing additional hazards, do not
install substitute parts or perform any unauthorized modification to the product. Return the product to a Hewlett-
Packard Sales and Service Office for service and repair to ensure the safety features are maintained.
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Safety Symbols

HP 8970B

The following symbols on the instrument and in the manual indicate precautions which must be taken to maintain safe
operation of the instrument.

Xiv

Safety Symbols

The Instruction Documentation Symbol. The product is marked
with this symbol when it is necessary for the user to refer to the
instructions in the supplied documentation.

Indicates the field wiring terminal that must be connected to earth
ground before operating the equipment - protects against electrical
shock in case of fault.

or L

Frame or chassis ground terminal - typically connects to the
equipment's metal frame.

Alternating current (AC)

N\

Direct current (DC)

A

Indicates hazardous voltages

WARNING

'Warning denotes a hazard. It calls attention to a procedure, which
if not correctly performed or adhered to could result in injury or
loss of life. Do not proceed beyond a warning note until the indi-
cated conditions are fully understood and met.

CAUTION

Caution denotes a hazard. It calls attention to a procedure, which
if not correctly performed or adhered to could result in damage to
or destruction of the instrument. Do not proceed beyond a caution
note until the indicated conditions are fully understood and met.

C€

The CE mark shows that the product complies with all relevant
European Legal Directives.

ISM 1-A

This is a symbol of an Industrial, Scientific, and Medical Group 1
Class A product.

3P

The CSA mark is a registered trademark of the Canadian Stan-
dards Association, and indicates compliance to the standards
layed out by them.
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HP 8971B/C

i

[

LO INPUT CABLE

IF OUTPUT CABLE

OPTION 807
FRONT HANDLE KIT

OPTION 908
RACK FLANGE KIT

OPTION 909
RACK FLANGE KIT AND FRONT HANDLE COMBINATION KIT

Figure 1-2. HP 8971B/C Accessories Supplied and Option
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General Information

" or any part of that range. To measure the noise figure of
devices with output frequencies greater than 1600 MHz
(2047 MHz, opt 020), an external mixer and local oscillator
can be used to convert the frequency to the 10 to 1600 MHz
(2047 MHz, opt 020) range. Measured noise can be
displayed as noise figure, equivalent input noise temperature
or Y-Factor. Gain is displayed in dB.

Once calibrated, a single keystroke of the Noise Figure
Meter can automatically remove the measurement system
noise and gain contribution (called second stage correc-
tion). The Noise Figure Meter then displays only the
noise figure and gain of the device under test (DUT).

Five Excess Noise Ratio (ENR) tables (four stored tables
and one working table) can be entered into the Noise
Figure Meter. Each table can have up to 35 entries. The
Noise Figure Meter uses this data to correct for ENR
versus frequency variations. For measurements made
between calibration points, ENR data is interpolated.
When the instrument is turned off, the ENR tables are
stored in nonvolatile memory.

X- and Y-Axis outputs on the rear panel allow for noise
figure and gain versus frequency to be displayed on a
storage or nonstorage oscilloscope, or output to a re-
corder. On an oscilloscope, gain can be displayed at a
lower intensity than noise figure, to distinguish between
the two traces. The Z-Axis output blanks an oscilloscope
or lifts a recorder pen. A storage oscilloscope can also be
used, but the differences in trace intensity are obscured.

Most functions can be remotely programmed via the
Hewlett-Packard Interface Bus (HP-IB) and all measure-
ment data is available to the HP-IB. The Noise Figure
Meter has a second bus, the System Interface Bus (SIB).
The System Interface Bus is a private bus used by the
Noise Figure Meter to control certain instruments in the
Noise Figure Measurement System. Instruments control-
led by the SIB are the Noise Figure Test Set, the System
Local Oscillator and a plotter.

1-8. Noise Figure
Measurement System

The HP Noise Figure Measurement System extends the
frequency range of the Noise Figure Meter from 1600 MHz
(2047 MHz, opt 020) to 18000/26500 MHz. The HP Noise
Figure Measurement System consists of the Noise Figure
Meter, the HP 8971B/C Noise Figure Test Set an a System
Local Oscillator. ‘
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All the features described about the Noise Figure Meter

apply to the Noise Figure Measurement System, with the
following changes:

¢ The Noise Figure Measurement System can be
tuned between 10 and 18000/26500 MHz.

o The noise figure of devices with output frequen-
cies greater than 18000/26500 MHz can be
measured with the addition of an external mixer
and a second, user-controlled, local oscillator
(double-down-conversion).

e Mcasurements using interpolated calibration data
are not allowed for measurement modes 1.5
through 1.9 unless a special function has been
selected.

For Simplicity, the Noise Figure Measurement System can be
thought of as one instrument. The Noise Figure Meter’s
System Interface Bus is used to control the Noise Figure Test
Set and the System Local Oscillator.

1-9. MECHANICAL OPTIONS

The following options may have been ordered and
received with the Noise Figure Meter. If they were not
ordered with the original shipment, they can be ordered
from the nearest Hewlett-Packard office using the part
number included in each of the following paragraphs.

1-10. Front Handle Kit (Option 907)

Ease of bandling is increased with the front panel handles.
Order HP part number 5062-3989 for the HP 89708 or 5062-
3988 for the HP 8971B/C.

1-11. Rack Flange Kit (Option 908)

The Noise Figure Meter can be solidly mounted to the
instrument rack using the flange kit. Order HP part number
5062-3977 for the 8970B or 5062-3974 for the HP 8971B/C.

1-12. Rack Flange and Front Handle

Combination Kit (Option 909)
This is not a front handle kit and a rack flange kit package
together; itis composed of a unique part which combines both
functions. Order HP part number 5062-3983 for the 8970B or
5062-3975 for the HP 8971B/C.
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1-13. HEWLETT-PACKARD INTERFACE BUS

1-14. Compatibility

The Noise Figure Meter is compatible with HP-IB to the
extent indicated by the following code: SH1, AH1, T3,
TEO, L4, LEO, SR1, RL1, PP0O, DC1, DT1, C0, and E1.
The Noise Figure Meter interfaces with the bus via open
collector TTL circuitry. An explanation of the com-
patibility code can be found in IEEE Standard 488
(1978), "IEEE Standard Digital Interface for Program-
mable Instrumentation” or the identical ANSI Standard
MC1.1. For more detailed information relating to
programmable control of the Noise Figure Meter, refer
to Remote Operation, Hewlett-Packard Interface Bus in
Section III of this manual.

1-15. Selecting the HP-IB Address

The Noise Figure Meter can use two HP-IB addresses.
One is the address of the Noise Figure Meter. The
second is the HP-IB address of the Noise Figure Meter
when it is in Pass Through Mode. (Pass Through Mode
allows commands to be passed through the Noise Figure
Meter from a computer on the HP-IB to an instrument
on the SIB.) Refer to the HP-IB and System Interface
Bus (SIB) Addresses Detailed Operating Instruction, in
Section I, for additional information.

1-16. SYSTEM INTERFACE BUS (SIB)

The System Interface Bus is a private bus used by the
Noise Figure Meter to control the Noise Figure Test Set,
the System Local Oscillator and a plotter.

1-17. Compatibility

The System Interface Bus is compatible with IEEE
Standard 488 (1978) to the extent indicated by the
following codes: SH1, AH1, T6, TEO, L4, LEO, RL1, PPO,
DC1, DT0, C1, C2, C3, C4, C7 and E1. The Noise Figure
Meter interfaces with the bus via open collector TTL
circuitry. An explanation of the compatibility code can be
found in IEEE Standard 488 (1978), "[EEE Standard
Digital Interface for Programmable Instrumentation” or
the identical ANSI Standard MC1.1.

1-18. Selecting the SIB Address

The Noise Figure Meter uses SIB addresses for the
following:

System Local Oscillator

Noise Figure Test Set

Plotter

System Interface Bus

Pass Control

Pass Through Device on the SIB

General Information

For more information on selecting the SIB addresses,
refer to the HP-IB and System Interface Bus (SIB)
Addresses Detailed Operating Instruction, in Section II1.

1-19. ACCESSORIES SUPPLIED

The accessories supplied with the Noise Figure Meter are
shown in Figure 1-1 and Figure 1-2.

a. The line power may be supplied in several configura-
tions, depending on the destination of the original ship-

ment. Refer to paragraph Power Cables in Section II of
this manual.

b. Two fuses, one for 100/200 Vac operation and one for 220/
240 Vac operation are supplied. One fuse is factory installed
according to the voltage available in the country of original
destination. Refer to paragraph line " Voltage and Fuse
Selection” in Chapter 2 of this manual.

¢. The 8971B/C LO Input Cable, SMA female to SMA
female, is HP part number 08971-60126.

set27
d. The 8971B/C IF Qutput Cable, Type N maleto Type N
male, is HP part number 11793-60006.

e. The 8971B/C Coaxial Adapter, SMA male to Type N male,
is HP part number 1250-1636.

f. The 8971B/C has two HP 10833D 0.5 meter long HP-IB
cables that are supplied.

1-20. EQUIPMENT REQUIRED BUT NOT SUPPLIED
A noise source such as HP Model 346B (346A or 346C),
must be used with the Noise Figure Meter. The Noise
Figure Meter supplies +28.0V pulses to drive the noise
source on and off.

1-21. ELECTRICAL EQUIPMENT AVAILABLE

1-22. HP-1B Controllers

The Noise Figure Meter has an HP-IB interface and can
be used with any HP-IB compatible computing controller
or computer for automatic systems applications.

1-23. Systemn Local Oscillators

The System Local Oscillator is part of the Noise Figure
Measurement System. Suitable local oscillators include
the HP 8671B, HP 8672A or HP 873B, C, D, E, G
Synthesized Signal Generators and the HP 8340B, HP
8341B or the HP 8360 Synthesized Sweeper. The upper
frequency limit of the Noise Figure Measurement System
can be limited by the local oscillator.



General Information

The HP 8673B and G Option 008 and the HP 8673D use
an amplifier to increase the output power above 16 GHz.
The amplifier used in instruments prior to serial number
prefix 2930A produces excessive broadband noise which
can degrade the noise figure of the Noise Figure Meas-
urement System. IF one of these signal generators is
being used as the system local oscillator and the output
signal is greater than or equal to 16 GHz, the amplifier
must be removed from the output signal path. For more
information, see manual section titled "Programming the
System LO".

1-24. Waveguide/Coax Adapters

The HP 346B/C Noise Source combined with the HP
X281C or P281C Wavegunide/Coax Adapter makes a very
accurate, calibrated waveguide noise source.

1-25. MECHANICAL EQUIPMENT AVAILABLE

1-26. Chassis Slide Mount Kit

This kit is extremely useful when the Noise Figure Meter
is rack mounted. Access to internal circuits and com-
ponents or the rear panel is possible without removing
the instrument from the rack. Order

HP part number 1494-0060 for 430 mm (17 inch) fixed
sides and part number 1494-0061 for the correct adapters
for non-HP rack enclosures.
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1-27. Chassis Tilt Slide Mount Kit

This kit is the same as the Chassis Slide Mount Kit above
except that it also allows the tilting of the instrument up
or down 90 degrees. Order HP part number 1494-0062
for 430 mm (17 inch) tilting slides and part number
1494-0061 for the correct adapters for non-HP rack
enclosures.

1-28. RECOMMENDED TEST EQUIPMENT

Tables 1-11 thru 1-15 lists the test equipment recommended
for use in testing, adjusting , and servicing the Noise Figure
Meter. The "Critical Specification" column describes the
essential requirements for each piece of test equipment.
Other equipment can be substituted, if it meets or
exceeds these critical specifications.

The "Recommended Model” column may suggest more
than one model. The first model shown is usually the least
expensive, single-purpose model. Alternate models are
suggested for additional features that would make them a
better choice in some applications.
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Table 1- 1 HP 8970B Noise Figure Meter Specifications (1 of 2)

Characteristics

Performance Limits

Conditions

NOISE FIGURE MEASUREMENT

Range 0to30dB
Resolution 0.01 éB!
Instrumentation Uncertainty +0.1dB For a noise source in a 0 to 55°C environ-
ment with an ENR of 14 to 16 dB
GAIN MEASUREMENT
Range -20to > +40dB For total noise figures <30 dB
Resolution 0.01 dB! Gain > -9.99 dB
0.1 dB? Gain < -9.99 dB
Instrument Uncertainty +0.15dB
INPUT
Frequency Range Tunable from 10 to 1600 MHz
(2047 MHz, opt 020)
Frequency Resolution 1 MHz
Tuning Accuracy +(1 MHz + 1% of frequency), From +10 to +40°C

Noise Figure
Input SWR (Reflection Coefficient)
STD
Option 020°
Maximum Operating Input Power
Maximum Net External Gain

Reducing System Noise Figure
with Preamplification

+6 MHz maximum
<7 dB +0.003 dB/MHz
(+0.002 dB. opt 020)

<1.7(0.26)
<1.8(0.286)
<2.0(0.33)

10 to 1600 MHz
10 to 1600 MHz
>1600 to 2047 MHz
-10 dBm (wideband)
>65 dB

<1.8 dB + noise figure of the
external system

For input power levels below -60 dBm

50Q reference impedance

Between noise source and
HP 8970B RF Input

Low noise external preamplification
with net gain >20 dB

ELECTROMAGNETIC
COMPATABILITY

Designed to meet MIL STD 461B-
1980

Conducted and Radiated Emissions

Conducted and Radiated Immunity

MIL STD 461B-1980 using method CEO03

MIL STD 461B-1980 using method CS01,
€802 and RSO3

lResuluﬁon over the Hewleti-Packard Interface Bus is 0.001 dB
2Resolution over the Hewlet-Packard nterface Bus is 0.01 dB

3For serial prefixes below 3811: <1,7(0.26) 10 to 1600 MHz
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Table 1- 1. HP 8970B Noise Figure Meter Specifications (2 of 2)

Characteristics

Performance Limits

Conditions

Meets the requirements of the European
Union EMC Directive 89/336/EMC plus
ammendments and is CE marked accord-
ingly.

Conducted and Radiated Emissions

Conducted and Radiated Immunity

EN 55011, 1991 Group 1,
Class A

EN 50082-1, 1992

Electrostatic Discharge immunity accord-
ing to IEC 1000-4-2, 1995 at 8 kV air dis-
charge and 4 kV contact discharge.
Radiated Immunity according to IEC
1000-4-3, 1995 at 3 V/m from 27 to 500
MHz.

Electrical Fast Transients - bursts accord-
ing to IEC 1000-4-4, 1995 at 1.0kV mains
and 0.5 kV ports.

GENERAL

Noise Source Drive

Power Requirements
Line Voltage:

100, 120, 220, 230, or 240 V
Operating Frequency Range
Power Dissipation

Temperature:
Operating
Storage
Humidity

Remote Operation (HP-IB)

Dimensions:
Height
Width
Depth
Net Weight

280101V
<1V

+10%
48 - 66 Hz
150 VA maximum

0to 55°C

-55t0 75°C

Up to 95% Relative Humidity
to 40°C

IEEE STD 488-1978
Compatability Code:

SH1, AH1, T5, TEO L4, LEO,
SR1,RL1, PPO, DC1, DT1, CO
and E1

146 mm (5.75 in.)
425 mm (16.8 in.)
462 mm (18.2 in.)
15.5 kg (34 1bs)

Noise source ON at up to 60 mA peak.
Noise source OFF.

The Hewlett-Packard Interface Bus (HP-
IB) is Hewlett-Packard’s implementation
of IEEE Std 488-1978, “Digital Interface
for Programmable Instrumentation”.

Most functions are remotely programma-
ble.

Note: For ordering cabinet accessories, the
module sizes are 5'/4H, 1 MW (Module
width), and 17D.
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Table 1-2. HP 8970B Noise Figure Meter Supplemental Characteristics

. Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

All parameters describe performance in automatic operation or properly set manual conditions.
Bandwidth: approximately 4 MHz.

Audible Noise Level: <5.5 bels at 1 metre.

Sensitivity: no external gain required; —100 dBm; able to measure its own noise figure.
Measurement Speed: about 6 to 9 measurements per second with minimum smoothing.
Sweep Speed at Minimum Smoothing (10 to 1600 MHz): 140 ms per frequency point.

Maximum Safe Input Level: +20 Vdc; +20 dBm peak (or average) at RF.

Jiter  Peak-to-peak? Y-factor variation <0.15 dB At minimum smoothing

Peak-to-peak® Y-factor variation <0.02 dB With increased smoothing  (smoothing
factor set to 64).

Note: Jitter in noise figure is equivalent to jitter in Y factor to within 10% for ENR>14

dB and F<4 dB. At minimum smoothing, jitter can limit accuracy; the small jitter at high
smoothing does not.

FUNCTIONAL PROPERTIES

Noise Figure Display Units: noise figure in dB or as a ratio, or uncorrected Y-Factor in dB or as a ratio, or effective
input noise temperature in kelvins.

Displayed Measurement Frequency Range: 10 to 99999 MHz.

Number of Calibration Points in One Sweep: 181

System LO Control: frequency control over the System Interface Bus from 10 to 99999 MHz.

Noise Figure Display Jitter: <0.01 dB with appropriate smoothing.

Cold Noise Source Data Range: 0 to 9999K.

Hot Noise Source Data Range: stored table — ENR from —7 to +50 dB; spot frequency — from 0 to 14824K.

Storage Capacity of Hot Noise Source Tables: Four stored ENR tables with 35 frequencies each (plus one working
ENR table).

Smoothing: exponential averaging of gain and noise figure before display according to D = P (F~1) + M/ F
where D is the display result, prior to conversion to logarithmic form, P is the previous result, M is the

latest measurement, and F is the averaging factor (1, 2, 4, 8, 16, 32, 64, 128, 256, or 512). Arithmetic
. averaging is used during swept operation.
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Table 1-2. HP 8970B Noise Figure Meter Supplemental Characteristics

HP 8970B

(2 of 2)

{on an oscilloscope).

frequency axis annotation.

Compatible Digital Plotters: HP 7470A, 7475A, 7550A, 7440A and 9872B.

Rear Panel Outputs: X-Axis and Y-Axis from 0 to 6V. Z-Axis is TTL for pen lift (on an X-Y recorder) and blanking

Plotter Capability: Noise figure and gain versus frequency plot with grid, title and noise figure, gain and

Table 1-3. Noise Figure System Specifications (HP 8970B with HP 8971B and LO) (1of 2)

Figure Measurement System.

Specifications for the Noise Figure Measurement System are the same as the Noise Figure Meter, with the
following exceptions. These specifications are valid when any of the recommended system local oscillators
(HP 8671B, HP 8672A, HP 8673B [standard], HP 8673C, HP 8340A/B or HP 8341A/B) is used in the Noise

Characteristics Performance Limits Conditions
All specifications certified for temper-
ature range of +10 to +40° C
NOISE FIGURE MEASUREMENT
Range 0to 30 dB
Instrumentation Uncertainty!” <+0.25 dB For a noise source with an ENR of 14
to 16 dB.
For NF1 + G1 >5 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device
under test.
GAIN MEASUREMENT
Instrumentation Uncertainty!+? <+0.45 dB For NF1 + G1 >10 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device
under test.
INPUT
Frequency Range Tunable from 10 to 18000
MH:z
Reducing System Noise Figure with <2 dB + noise figure of the Low noise external preamplification
Preamplification external system with net gain 30 dB
Noise Figure (maximum)
SSB1 =12 dB + 0.003 dB/MHz 10 MHz to 1.6 GHz
" (+0.002 dB, opt 020)
SSB2 <21dB 1.6t02.4 GHz
SSB3 <22dB 241012 GHz
<24 dB 12t0 15 GHz
<
Input SWR <28dB 15to 18 GHz
SSB1 1.7:1 (1.5:1, opt 020) 10 MHz to 1.6 GHz
SSB2 2:1 1.6 to 2.4 GHz
SSB3 2:1 2.4 to 18 GHz
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General Information

GENERAL
Power, net weight and dimensions

Sum of HP 89708,
HP 8971B and local

Table 1-3. Noise Figure System Specifications (HP 8970B with HP 89718 and LO) (2 of 2)

1 Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier Selection detailed operating
instruction in Section III for more information on computing accuracy for your application.

2 When making a measurement, the Noise Figure Measurement System must be tuned in the same directign and to the same frequency points
used during calibration without skipping any frequency points.

Table 1-4. Supplemental Characteristics (HP 89708 with HP 8971B)

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

Maximum Safe Input Level
Maximum Operating Input Power
Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimum Smoothing
{for each Noise Figure Test Set Band)
SSB1 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point

System Local Oscillator Control

Displayed Measurement Frequency Range

+20 dBm (+16 dBm, opt 020}, 0 Vdc

—20 dBm

>60 dB

—~90 dB (no external gain required, but recommended
to lower measurement uncertainty; able to measure its
own noise figure with HP 346B/C).

18 dB, 2.4 — 26.5 GHz
2.5:1

6 to 9 measurements per second with minimum
smoothing.

10 to 1600 MHz
1.6 to 2.4 GHz

2410 18 GHz
2410 18 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a
local oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MHz
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HP 8970B

Table 1-5. HP 8971C Specifications

Characteristics

Performance Limits

Conditions

All specifications

certified for temperature range of +10°C to +40°C

Noise Figure SSB
Std. & Opt.001

Opt. 002!

Input Standing Wave Ratio SSB
Std. and Opt. 001

Opt. 002

Image and Odd Harmeonic Rejection
SSB

<18 dB
<13dB
<10dB
<11.5dB
<14.5dB
<54dB

<28 dB
<26dB
<28dB

<28 dB typical
< 32 dB typical

2.25

235

1.5

2

3

20 dB typical

10 MHz - 30 MHz
30 MHz - 100 MHz
100 MHz - 12 GHz
12 GHz - 18 GHz
18 GHz - 26.5 GHz
10 MHz - 1600 MHz
1.6 GHz - 2.4 GHz
2.4 GHz - 15 GHz
15 GHz - 18 GHz
18 GHz - 22 GHz
22 GHz - 26.5 GHz

10 MHz - 18 GHz

18 GHz - 26.5 GHz

10 MHz - 1600 MHz

1.6 GHz - 18 GHz

18 GHz - 26.5 GHz

Applicable only from 2.4 GHz - 26.5 GHz

REMOTE PROGRAMMING All functions HP-IB programmable except the LINE switch.

EMC Meets EN55011:1991 (Group 1, Class A), and EN50082-1:1992.
GENERAL

Operating Temperature 0to +55°C Specifications certified in range of +10°C
Storage Temperature -40 to +70°C to +40°C only.

Humidity Up to 95% Relative Humidity

JAN

Power Requirements:
Operating Voltage:
100, 120, 220, or 240 Vac
Operating Frequency Range
Power Dissipation

Dimensions:
Height
Width
Depth
Net Weight
Shipping Weight

to 40°C.

+10%
48 - 440 Hz
200 VA Maximum

93 mm (3.68 in)
425 mm (16.75 in)
473 mm (18.63 in)
9.5kg (21 1b)

11.8 kg (26 1b)

360 - 440 Hz limited to <=126.5V

For ordering cabinet accessories, the mod-
ule sizes are 3.5H, IMW (module width)
and 17D.

1. See Table 1-9, footnote #1 pertaining to the HP 8971C Option 002




HP 8370B

General Information

Table 1-6. HP 8971C Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non—-warranted, performance parameters.

Std. & Opt. 001

Opt. 002

DSB Gain
Std. & Opt. 001
Opt. 002
DSB Noise Figure (2.4 — 26.5 GHz)
Std. & Opt. 001
Opt 002
DSB SWR
Std. and Opt. 001
Opt. 002
Maximmum Qperating RF Noise
Input Power
Std. & Opt. 001

Opt. 002
Maximum Safe RF Input Power
Std. & Opt. 001
Opt. 002
10 Input Power
Minimum:
Std. & Opt. 002
Opt. 001
Maximum:
Std. & Opt. 002
Opt 001
Andible Noise Level

Electrical Performance
Characteristics Limits Conditions
Gain (Typical)

23 dB Avg. 17 dB Min.
22 dB Avg. 20 dB Min.
27 dB Avg 14 dB Min.
-3 dB Avg. -4 dB Min.
0 dB Avg. -2 dB Min.
0 dB Avg. -5.0 Min.

28 dB Min.
4 dB Min.

Same as SSB
21 dB

Same as SSB
2.5:1

—-29 dBm
-26 dBm
~20 dBm

-5 dBm
+20 dBm

+7 dBm
+1 dBm

420 dBm
+7 dBm

<5.5 bels at 1 metre

10 MH:z - 1600 MHz
16-24GH:

2.4 - 26.5 GH:z

10 - 1600 MHz
16-2.4 GHz

24 - 26.5 GHz

Negligible LO noise.

10 - 1600 MH=
1.6 - 26.5 GHz

1-13



General Information HP 8970B

Table 1-7.
Noise Figure System Specifications
(HP 8970B with HP 8971C Std. and Opt. 001)

Electrical Performance
Characteristics Limits Conditions
' All specifications certified for
temperature range of +10°C
to +40°C
Noise Figure
Range 0t 30dB
Instrumentation Uncertainty!: =+0.2 dB plus typical drift of £0.015 |10 MHz to 18 GHz
dB/°C.
+0.4 dB plus typical drift of £0.08 |18 to 26.5 GHz. For a noise source
dB/*C. with an ENR of 14 to 16 dB. For

NF1 4+ Gl > 10 dB where NF1 is
the noise figure of the device under
test and Gl is the gain of the device

under test.
Gein Measurement
Instrumentation Uncertainty < £0.28 dB plus typical drift of 10 MHz to 18 GHz
+0.05 dB/ ° C.
+0.07dB/°C 18 to 26.5 GHz
For gains of —6 dB to 30 dB.
Input
Frequency Range Tunable from 10 to 26500 MHz
Noise Figure (maximum) Same as HP 8971C
Input SWR Same as HP 8971C
General
Power, net weight and dimensions | Sum of HP 8970B, HP 8971C, and
local oscillator.

1Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier

Selection Detailed Operating Instruction in Section III for more information on computing accuracy for your
application.

2When making a measurement, the Noise Figure Measurement System must be tuned in the same
direction and to the same frequency points used during calibration without skipping any frequency points.
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General Information

Table 1-8. Supplemental Characteristics (HP 8970B with HP 8971C and Opt. 001)

typical, but non-warranted, performance parameters.

Supplemental characteristics are intended to provide information useful in applying the instrument by giving

Maximum Safe Input Level
Maximum Operating Input Power

Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimum Smoothing (for each Noise
Figure Test Set Band)

SSB1 140 ms per frequency point.

SSB?2 150 ms per frequency point

SSB3 435 ms per frequency point

DSB 150 ms per frequency point

System Local Oscillator Control

Displayed Measurement Frequency Range

—5 dBm, 0Vde

—29 dBm, 10 to 1600 MHz

-26 dBm, 1.6 to 26.5 GHz

>35 dB

—100 dBm (no external gain required, but
recommended to lower measurement uncertainty; able
to measute its own noise figure with HP 346B/C).

Same as Single Sideband
Same as Single Sideband

6 to 9 measurements per second with minimum
smoothing,.

10 to 1600 MHz

1.6 to 2.4 GHz

2.4 to 26.5 GHz

2.4 to 26.5 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a
local oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MHz
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Table 1-9. Noise Figure System Specifications
(HP 8970B with HP 8971C Option 002)1

Electrical Performance
Characteristics Limits Conditions
All specifications certified for
temperature range of +10°C
to +40°C
Noise Figure
Range 0 to 30 dB

Instrumentation Uncertainty?*

Gain Measurement

Instrumentation Uncertainty

Input

Frequency Range

Noise Figure (maximum)
SSB1

SSB2
SSB3

Input SWR
SSB1
SSB2
SSB3

General
Power, net weight and dimensions

30.2 dB plus typical drift of 3:0.015
dB/°C.

< £0.28 dB plus typical drift of
+0.05 dB/ °C.

+0.07 dB/ °C

Tunable from 10 to 26500 MHz

<12 dB + 0.003 dB/MHz
<28 dB

<26 dB

<28 dB

<28 dB typical

<32 dB typical

1.5:1

2:1

2:1

3:1

Sum of HP 8970B, HP 8971C, and
local oscillator.

Assumes the use of a preamplifier
with 10 dB noise figure and >20 dB
gain. For a noise source with an ENR
of 14 to 16 dB. For NF1 4+ G1 > 10
dB where NF1 is the noise figure of
the device under test and G1 is the
gain of the device under test.

10 MHz to 18 GHz

18 to 26.5 GHz
For gains of —6 dB to 30 dB.

10 MHz to 1.6 GHz
1.6 to 2.4 GHz

2.4 to 15 GHz

15 to 18 GHz

18 to 22 GHz

22 to 26.5 GHz

10 MHz t0 1.6 GHz
1.6t02.4 GHz

2.4to0 18 GHz
18 t0 26.5 GHz

1Typically, a preamplifier with gain greater than 10 dB and noise figure <20 dB is necessary to align the HP
8971C Opt. 002 input filter during calibration at frequencies greater than 18 GHz.

2Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier
Selection Detailed Operating Instruction in Section ITI for more information on computing accuracy for your

application.

3When making a measurement, the Noise Figure Measurement System must be tuned in the same direction
and to the same frequency points used during calibration without skipping any frequency points.

1-16




HP 8970B

General Information

Table 1-10. Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

Maximum Safe Input Level
Maximum Operating Input Power
Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimum Smoothing
(for each Noise Figure Test Set Band)

SSB1 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point
System Local Oscillator Control

Displayed Measurement Frequency Range

'>60 dB

+20 dBm, 0Vde
~—20 dBm, 10 to 26500 MHz

—90 dB (no external gain required, but recommended to
lower measurement uncertainty; able to measure its own
noise figure with HP 346B/C but won’t align its filter
during calibration without an amplifier above 18 GHz).
21 dB, 2.4 - 26.5 GHz with negligible LO noise.

2.5:1

6 to 9 measurements per second with minimum
smoothing.

10 to 1600 MHz
1.6 to 2.4 GHz

2.4 to 26.5 GHz
2.4 to 26.5 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a local
oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MHz
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Table 1-11.
HP 8970B or HP 8970B Option 020 Recommended Test Equipment
Equipment Critical Specifications Recommended | Use!
Model
Amplifier 1, Frequency Range: 0.1 to 1300 MHz HP 8477D P
Wideband Gain: 26dB Option 010
Output Power for 1 dB Gain
Compression: +7 dBm
Anmplifier 2, Frequency Range: 0.1 to 1300 MHz HP 8447F P
Wideband Gain: 48dB Option 010
Qutput Power for 1 dB Gain
Compression: >+15 dBm
Attenuator, 1 dB |Steps: 1 dB HP 8494A PA
Step Attenuation Range: 0 to 11 dB Option 001
Frequency Range: 10 to 1600 MHz
Attenuator, 10 dB | Step Size: 10 dB HP 8495A P
Step Attenuation: 0 to 70 dB Option 001
Frequency Range: 10 to 1600 MHz
Attenuator, Fixed |Attenuation: 6 dB HP 8491A PA
Frequency Range: 10 to 1600 MHz Option 006
Attenuator, Fixed | Attennation: 10 dB HP 8491A P
(2 required) Frequency Range: 10 to 2047 MHz Option 010
Attenuator, Fixed |Attenuation: 6 dB HP 8493A A
Frequency Range: 10 to 1600 MHz Option 006
Attenuator, Fixed | Attenuation: 20 dB HP 8491A P
Frequency Range: 10 to 1600 MHz Option 020
Calculator Divide HP 41CV P,A
Multiply
Square Root
Programmable
Controller HP-IB compatibility as defined by IEEE HP 9000 Series | O,P, T
Standard 488 and the identical ANSI Standard 200 or 300
MC1.1:SH1,AH1,T2,TE(Q,L2,LE),SRO,RLO,
PP0,DC0,DT0,C1,2,3,4,5
Digital Voltmeter |DC Voltage Range: Up to 100V HP 3455A or | P,A,T
Resolution: 1xV (high resolution 3456A
mode, 1V dc range)
Accuracy: +0.003% of reading +4 counts
(in high resolution mode)
Single Trigger capability
Directional Frequency Range: 1380 to 2300 MHz HP 778D P
Coupler

1 A= Adjustments, P=Performance, T=Troubleshooting, O=0perational Verification




Table 1-12.

General Information

HP 8970B or HP 8970B Option 020 Recommended Test Equipment

Equipment Critical Specifications Recommended | Use!
Model
Filter, Low Pass Insertion Loss: < 1 dB below 0.9 HP 3608 PA
times cut-off frequency. or
Cut-off Frequency: 1200 MHz RIL.C F-10-1500
Rejection: >50 dB at 1.25 times cut-off
frequency
Frequency Counter | Range: 10 to 6000 MHz HP 5340A or A
Resolution: 1 kHz 5343A
Logic Analyzer Input lines: 43 HP 1630A, T
Timing Analysis: 16 lines 1630D, or
1631D
Noise Source Power Required: +28V HP 346B - {O,P,T,
ENR: 15.2 dB Option 001 or A
Connector: Type N (male) HP 346C
Oscilloscope Inputs: Two Channel (A vs B or X vs Y) HP 54111D AT
and Z-Axis
Power Meter Uncertainty: £+0.02 dB HP 436A PAT
Mode: dB Relative
Power Sensor TFrequency Range: 10 to 4000 MHz HP 8484A or | P,A,T
Power Range: 0.1 nW to 10 uW HP 8481D
SWR: (30 to 4000 MHz): 1.15
Power Sensor Frequency Range: 10 to 4000 MHz HP 8481A PAT
Power Range: 10 uW to 100 mW
SWR.: (30 to 4000 MHz): 1.18
Power Splitter Frequency Range: 10 to 2047 MHz HP 1166TA PA
Signal Generator |Frequency Range: 10 to 2047 MH HP 8340B, {O, TP,
Frequency Accuracy: + 1 kHz 8672A, or A
Output Level: + 13 dBm 8673B
Spectrum Analyzer | Frequency Range: 10 to 2047 MHz HP 85668 A
Sweep Oscillator Frequency Range: 20 to 2400 MHz HP 8620C/ | P,AO
Attenuation: 70 dB in 10 dB steps 862228 Option
002, HP 8350B
HP
8340B/41B
SWR Bridge Frequency Range: 10 to 2047 MHz Wiltron 60N50 P
Directivity: 40 dB
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Table 1-13. HP 8971C Recommended Test Equipment
Equipment Critical Specifications Recommended | Use!
Model
Attenuator, Fixed | Attenuation: 10 dB HP 8493C P
Frequency Range: 0.010 to 26.5 GHz Option 010
Cable, IF Output | No substitute HP P,C
11793-60006
Cable, LO Input | No substitute HP P.C
08971-60126
Coaxial Detector | Compatible with the HP 8757E HP 85025B P
Digital Voltmeter HP 3456A AT
Directional Bridge | Compatible with the HP 8757E HP85027B P
Noise Figure Meter | Compatible with the HP 8971C HP 8970B | P,T,O
Noise Source Frequency Range: 0.010 to 26.5 GHz HP 346C P,T,0
Oscilloscope HP 54111D T
Power Meter HP 437B T
Power Sensor Frequency Range: 0.050 to 26.5 GHz HP 8485A T
Power Range: 1 yW to 100 mW
Power Splitter Frequency Range:0.010 to 26.5 GHz HP 116678
Scalar Network HP 8757E P
Analyzer
Signal Generator HP PT,O
(2 required) 8340B/41B,
8671B, 86724,
8673B/C/E/G
Signature HP 5005A/B, T
Multimeter 5006A
SMA-male Coaxial | Calibration standard for HP 8767E HP P
Short/Open 85037-60001
Spectrum Analyzer { Frequency Range: 0.01 to 26.5 GHz HP 8566B T

1 A= Adjustments, P=Performance, T=Troubleshooting, O=Operational Verification
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Table 1-14. HP 8971B Recommended Test Equipment

HP 8971B

Equipment Critical Recommended Use
Specifications
Attenuator Attenuation; 10 dB HP 849]B Opt. 010 P
Frequency Range: 10 to
18000 MHz
Digital Voltmeter HP 3456A P, A
Dual Directional 20 dB attenuation on HP 11692D P
Coupler reflected and incident
ports.
Frequency: 2 - 18 GHz
frequency
Directivity: >26 dB
directivity
Oscilloscope HP 54200A /D, HP P
1980B or
HP 1740
Noise Figure Meter No substitute HP §970B P
Noise Source Frequency Range 10 - HP 346B/C P
18000 MHz
Power Meter (2) Uncertainty: +/- .02 dB HP 436A (2) P

Mode: dB relative
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Table 1-14. HP 8971B Recommended Test Equipment {Cont’d)

Equipment Critical Recommended Use
Specifications
Power Sensor (2) Frequency range: HP 8484A (2) P
0.1 - 18 GHz
Power range: | mW to
3W 1000W peak
Signature HP5005A/B, T
Multimeter HP5006A
Spectrum Analyzer 01 to 18 GHz HP 8566B T
Synthesized CW 2-18GHz HP 8671B P, T
Generator
Synthesized Signal 01 -18 GHz HP 8340B/41B PT
Generator
SWR Bridge Frequency range: Wiltron 60N50 P
10 - 1500 MHz
Directivity: 40 dB
SMA Coaxial Open Made from following P
parts:
HP 1250-0196 Body
HP 1250-0016 Snap Ring
HP 1250-0198 Nut
SMA Coaxial Short 50 Ohm HP 11512A P
Controller C
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Installation

SECTION I
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to install
the Noise Figure Meter. Included is information perti-
nent to initial inspection, power requirements, line volt-
age selection, power cables, interconnection,
environment, instrument mounting, storage and ship-
ment. In addition, interconnect information for the
Noise Measurement Measurement System is provided.

2-2. INITIAL INSPECTION
WARNING

To avoid hazardous electrical shock, do not
perform electrical tests when there are signs of
shipping damage to any pertion of the outer
enclosure (covers, panels, meters).

Inspect the shipping container for damage. If the ship-
ping container or cushioning material i1s damaged, it
should be kept until the contents of the shipment have
been checked for completeness and the instrument has
been checked mechanically and electrically. The con-
tents of the shipment should be as shown in Figure 1-1.
Procedures for checking electrical performance are giv-
en in Section IV. If the contents are incomplete, if there
is mechanical damage or defects, or if the instrument
does not pass the electrical performance tests, notify the
nearest Hewlett-Packard office. If the shipping contain-
er is damaged or the cushioning material shows signs of
stress, notify the carrier as well as the Hewlett- Packard
office. Keep the shipping materials for the carrier’s in-
spection.

2-3. PREPARATION FOR USE

WARNING

If this instrument is not used as specified, the
protection provided by the equipment could be
impaired. This instrument must be used in a
normal condition only (in which all means for
protection are in tact).

2-4. Power Requirements

The Noise Figure Meter requires a power source of 100,
120, 220 or 240 Vac, +10% to -10%, 48 to 66 Hz single
phase. Power consumption is 150 VA maximum.

2-5.

CAUTION

Mains supply voltage fluctuations should not
exceed +/-10% of the nominal selected line volt-
age.

Line Voltage and Fuse Selection

CAUTION

Before switching on this instrument, make sure
that the line voltage selector board is set to the
voltage of the power supply (refer to Figure 2-1)
and the correct fuse is installed. Check that the
power supply voltage is in the specified range.

WARNING

For continued protection against fire hazard,
replace the line fuse only with the same type
and line rating as detailed below.

Instrument Supply Voltage

Fuse Type

HP 8970B 100 -120 Vac

F15A250V

HP 3970B 220 - 240 Vac

F10A250V

HP 8971C 100 - 120 Vac

F20A250V

HP 8971C 220 - 240 Vac

F15A250V

2-6.

The use of other fuses or materials is prohib-
ited.

Power Cables

WARNING

Appliance coupler (mains input power cord) is
the power disconnect device. Do not position
the instrument such that access to the coupler
is impaired.
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Installation

Operating voltage is shown
in module window.

SELECTION OF OPERATING VOLTAGE

1. Open cover door, pull the FUSE PULL lever and rotate to
left. Remove the fuse.

2. Remove the Line Voltage Selection Card. Position the
card so the line voltage appears at top-left corner. Push
the card firmly into the slot.

3. Rotate the FUSE PULL lever to its normal position. Insert
a fuse of the correct value in the holder. Close the cover
door.

WARNING

To avoid the possibility of hazardous electri-
cal shock, do not operate this instrument at
line voltages greater than 132 Vac with line

frequencies greater than 66 Hz (leakage cur-

rents at these line settings may exceed
3.5 mA).

Figure 2-1. Line Voltage and Fuse Selection

22

HP 8970B

This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instru-
ment cabinet. The power cable plug shipped with
each instrument depends on the country of desti-
nation. Refer to Figure 2-2 for the part numbers of
the power cables available.

2-7. Address Selection {IEEE)

The Noise Figure Meter uses HP-IB and System
Interface Bus (SIB) addresses. The HP-IB address
isused when the Noise Figure Meteris accessed by
an external controller. SIB addresses are used
when the Noise Figure Meter acts as a controller to
access other devices. When the Noise Figure Meter
is shipped from the factory, it assumes that devices
are set to the addresses shown in Table 2-1.

Both HP-IB and SIB addresses are selected by
Special Function from the front panel. Refer to
HP-IB and System Interface Bus (SIB) Addresses,
and System Interface Bus Control in the detailed
operating instructions in Section III for additional
information.

Valid HP-IB and SIB addresses are 0 through 30.
Refer to Table 2-2 for decimal equivalents of the
ASCII Talk and Listen address codes.




EARTH

NEUTRAL

UNITED KINGDOM

AUSTRALTA/NEW ZEALAND

[
NEUTRAL
EARTH

CONTINENTAL EUROPE

Option S@3
NEMA 5-15P

NEUTRAL

U.S. /CANADA
(NOT INTERCHANGEABLE WITH OPT-2183

Option 865
IEC 32B-C14

NEUTRAL

For interconnecting
system components and
peripherals

Option 3906

SEV 10@11.1858-24587
TYPE 12 PLUG

AN

EARTH

LINE

NEUTRAL

SWITZERLAND

Option 912
DHCR 187 PLUG

DENMARK

Option 917

1EC 83.
STD Bl
(SABS 1€4)

REPUBLIC OF SOUTH AFRICA
and INDIA

Option 918
MITI 41-3682 PLUG

NEUTRAL

JAPAN
(NOT INTERCHANGEABLE WITH OPT-3@83)

Figure 2-2. Power Cables and Mains Plug Options

HP 8970B Installation
Option S00Q Option 981 Option 902
BS 1363A PLUG NZSS 198/AS CEE 7 STD SHT VII, DIN 48441
3112 PLUG VDE 0620



Installation

Table 2-1. Noise Figure Meter Factory Set Addresses

instrument HP-IB Address | SIB Address
Noise Figure Meter 8
Plotter 5
System Interface Bus 8
Noise Figure Test Set 10
Pass Control Device 16
System Local Oscillator 19

2-8. Interconnections
Interconnection data for the Hewlett Packard
Interface Bus (HP-IB) and the System Interface
Bus (SIB) is identical. See Figure 2-3.
2-9. HP 8970S/T/U Noise Figure Measurement
System

The HP 8970S/T/U Noise Figure Measurement
System consists of the Noise Figure Meter, the
Noise Figure Test Set and a System Local Oscil-
lator. Interconmection data for the Noise Figure
Measurement System is provided in Figure 2-4.
If the System Local Oscillator is a free-running

source, a coarse tune calibration must be performed.

Refer to the Noise Figure Test Set YIG Filter Cal-
ibration Detailed Operating Instruction in Section
IIT for the coarse tune calibration procedure. The
coarse tune calibration is not needed if a synthe-
sizer is used for the local oscillator.

2-10. Mating Connectors

interface Connector. The HP-IB and SIB mating
connector is shown in Figure 2-3. Note that two
securing screws are metric.

Coaxial Connectors. Coaxial mating connectors
used with the Noise Figure Meter should be 50 ohm
BNC, or type N male connectors. 50} type N and
APC-3.5male coaxial connectors are used with the
Noise Figure Test Set.

2-11. Operating Environment

The operating environment for the Noise Figure
Meter should be within the following limitations:

Temperature ............cccovvnn.... 0 to +55°C
Humidity ........................ <95% relative
Altitude ............. <4570 metres (15 000 feet)

2-12. Bench Operation

Theinstrument cabinet has plastic feet and fold-away
tilt stands for conveniencein bench operation. (The
plasticfeet are shaped to ensure self-aligning of the
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instruments when stacked with other HP equip-
ment.) The tilt stands raise the front of the instru-
ment for easier viewing of the front panel.

Table 2-2. ASCII Address Godes to Decimal Equivalents

ASCH Address Codes
LISTEN TALK

Decimal
Equivalents

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

te OO0 IO O WK O N

>I—-/'—INK}M€<C2'-ECH$U¢O"UOZZL"NLHEQ'ﬂHUOUﬂ>©

Vol A

2-13. Rack Mounting

WARNING

The Noise Figure Meter weighs 18.5 kg
(40 Ib), therefore, care must be exercised
when lifting to avoid personal injury. Use
equipment slides when rack mounting.

Rack mounting information is provided with the
rack mounting kits. If the kits were not ordered
with the instrument as options, they may be
ordered through the nearest Hewlett-Packard
office. Refer to the paragraph entitled Mechanical
Options in Section L.
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<D

SIGNAL GROUND SHIELD =—— CONNECT TO
EARTH
PIO TWISTED PAIR WITH 11 ATN GROUND
P/O TWISTED PAIR WITH 10 SRQ
SHOgLTI%RB'\%FNR/’\QrUNDED PO TWISTED PAIR WITH 9 iIFC
NEA 10N
OF OTHER WIRE OF P/O TWISTED PAIR WITH 8 NDAC
TWESTED PAIR P/Q TWISTED PAIR WITH 7 NRFD
PIO TWISTED PAIR WITH 6 DAV
REN EOI
DIO 8 blo4
DIO7 DIO 3
DIO 6 DI0 2
D105 DI0 1
{50 METRIC ——— |

THREAD M3.5x 0.6 W 24-PIN MICRO-RIBBON
{SERIES 57) CONNECTOR

Logic Levels

The Hewlett-Packard Interface Bus and System Interface Bus Logic Levels are TTL compatible, i.e.,
the true (1) state is 0.0 Vdec to +0.4 Vde and the false (0) state is +2.5 Vdc to +5.0 Vde.

Programming and Output Data Format
Refer to Section III, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available
HP 10833A, 1 metre (3.3 ft), HP 10833B, 2 metres (6.6 ft)
HP 10833C 4 metres (13.2 ft), HP 10833D, 0.5 metres (1.6 ft)

Cabling Restrictions

1. A Hewlett-Packard Interface Bus system or System Interface Bus system may contain no more
than 2 metres (6.6 ft) of connecting cable per instrument.

2. The maximum accumulative length of connecting cable for any Hewlett-Packard Interface Bus
system or System Interface Bus system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard interface Bus and System Interface Bus Connections
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2-14. RECORDING IF ATTENUATOR VALUES

IF attenuator data is used to correct the gain
readings during the gain measurement. It is criti-
cal that the Noise Figure Meter know the value of
its internal IF attenuators in order to meet its gain
accuracy specification. Recording these values
ensures a backup record is kept if 2 nonvolatile
memory failure should occur. HP recommends
that IF attenuator values be recorded in Table 4-1
when the Noise Figure Meter is turned on for the
first time and afterits annual calibration. Table 4-1
is located in the Gain Measurement Uncertainty
Performance Testin Section I'V. This performance
test also includes a procedure for reading the IF
attenuator values. Refer to the “Entering IF Atten-
uator Values” portion of the performance test.

2-15. STORAGE AND SHIPMENT
2-16. Environment

The instrument should be stored in a clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment:

Temperature ..........cccvenne —55°C to +75°C
Humidity ......covviimvennnnnnn-. <95% relative
Altitude ........... <15 300 metres (50 000 feet)

2-17. Packaging

Tagging for Service. If the instrument is being
returned to Hewlett-Packard for service, please com-
plete one of the blue repair tagslocated at the back
of this manual and attach it to the instrument.

SYSTEM
LOCAL OSCILLATOR

HP 8970B

Original Packaging. Containers and materials iden-
tical to those used in factory packaging are avail-
able through Hewlett-Packard offices. Mark t
container “FRAGILE” to assure careful handlin"
In any correspondence, refer to the instrument by
model number and full serial number.

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

a. Wrap the instrument in heavy paper or plas-
tic. (If shipping to a Hewlett-Packard office or serv-
ice center, complete one of the blue tags and attach
it to the instrument.)

b. Use a strong shipping container. A double-
wall carton made of 2.4 MPa (350 psi) test material
is adequate.

c. Use enough shock-absorbing material (75 to
100 mm layer; 3 to 4 inches) around all sides of the
instrument to provide firm cushion and prevent
movementin the container. Protect the front panel
with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE”.
assure careful handling.

HP 83871B/C_NOISE
FIGURE TEST SET
SYSTEW_INTEREACE BUS 3 . I
lOUTPUT LO RF 1F
HP-1B INPUT  INPUT OUTPUT
HP 88708
CONTROLLER NOISE FIGURE METER
lo EE]
o mep g gooo =) puT
= gonoo BEEE° 55
NOISE SOURCE INPUT NOISE
DRIVE QUTPUT SOURCE
pr—
| S

Figure 2-4. Noise Figure Measurement System Interconnections
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2-18. OPERATING ENVIRONMENT
This instrument is designed for indoor use only.

The instrument may be operated at temperatures from
0°C to +55°C at altitudes up to 4600m (15,000 ft.). The
instrument may be operated in environments up to 95%
relative humidity to 40°C, but it should be protected
from temperature extremes which may cause condensa-
tion.

CAUTION

This instrument is designed for use in Installa-
tion Category Il and Pollution Degree 2 per
IECI1010 and 644 respectively.

2-19. Internal Fuses

WARNING

No operator serviceable parts inside, Refer
servicing to qualified personnel. To prevent
electrical shock do not remove covers.

The internal fuses used in the HP 8971C are listed be-
low, and are non-operator replaceable Cartridge, Fast
Blow fuses.

Table 2-3. 8971C Internal Fuses

Fuse Current Voltage Type
F1 30A 250V F
F2 3.0A 250V F
F3 20A 250V F
F4 30A 250V F
F5 30A 250V F
F6 1.0A 250V F
F7 05A 250V F
F8 3.0A 250V F

The internal fuse used in the HP 8970B is listed below,
and is a non-operator replaceable plug-in Very Fast-Act-
ing fuse.

Table 2-4. 8970B Internal Fuse

Fuse Current Voltage Type

F1 30A 125V FF

Installation

2-20. Cleaning

To clean the instrument: Use a soft , clean damp cloth to
clean the front-panel and side covers.

2-7
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Operation

SECTION I
OPERATION

3-1. INTRODUCTION

This section provides complete operating information for
the Noise Figure Meter. Included in this section are both
general and detailed operating instructions, detailed
descriptions of the front and rear panel, local and remote
operator’s checks, and operator’s maintenance proce-
dures. Also provided are operation and operators checks
for the Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and System Local Oscil-
lator). Operation of the Noise Figure Measurement Sys-
tem is described under Measurement Modes 1.5 through
19.

3-2. Operating Characteristics

Table 3-1 briefly summarizes the major operating charac-
teristics of the Noise Figure Meter. This table is not
intended to be an in-depth listing of all operations and
ranges but gives a rough idea of the instrument’s
capabilities. For more information on the Noise Figure
Meter’s capabilities, refer to Table 1-1, Specifications and
Table 1-2, Supplemental Characteristics. For information
on HP-IB capabilities, refer to the summary contained in
Table 3-3, Message Reference Table.

3-3. Local Operation

Information covering front panel operation of the Noise
Figure Meter is given in the sections described below. To
rapidly learn the operation of the instrument, begin with
Simplified Operation and Operator’s Checks. Once
familiar with the general operation of the instrument, use
the Detailed Operating Instructions for in-depth and
complete information in operating the Noise Figure

Meter,

The local oscillator power must be selected for
the type of HP 8971B/C in use.

An HP 8971B requires + 6 dBm, an HP 8971C
standard or Option 002 requires -+ 10 dBm at
26.5 GHz (+ 8 dBm s adequate below 22 GHz),
and an HP 8971C Option 001 should have only

+ 1dBm. Use special function 42.5 to change the
local oscillator power if necessary.

General Operating Information. Instructions relating
to the Noise Figure Meter turn-on procedure and various
keystroke sequences are presented to acquaint the user
with the general operation of the instrument.

Simplified Operation. The instructions located on the
inside of this fold provide a quick introduction to front
panel operation of the Noise Figurc Meter. These in-
structions are designed to rapidly acquaint the new user
with basic operating proce dures and therefore are not an
exhaustive listing of all Noise Figure Meter functions.
However, an index to the Detailed Operating Instructions
appears opposite the fold to direct the operator to the
more complete discussion of the topic of interest.

Panel Features. Front and rear panel features are
described in detail in Figures 3-1 through 3-8.

Detailed Operating Instructions. The Detailed
Operating Instructions provide the complete operating
reference for the Noise Figure Meter user. The instruc-
tions are organized alphabetically by subject and are
placed at the end of this section for easy reference. They
are indexed by function in Table 3-2.

Operating Information Pull-Out Cards. The Operating
Information pull-out cards are three flexible plastic refer-
ence sheets located in a tray below the front panel. They
contain a listing of user special functions, HP-IB output
formats, error codes, and measurement modes.

3-4. Remote Operation

The Noise Figure Meter is capable of remote operation
via the Hewlett-Packard Interface Bus (HP- IB). In
remote operation, the Noise Figure Meter operates in
one of two modes: normal talker listener mode and talk
only mode. The remote operation instructions provide
information pertinent to HP-IB operation when the Noise
Figure Meter is in the normal talker/listener mode or the
talk only mode. Included are discussions on capabilities,
addressing input and output formats, the status bytes and
service requests. At the end of the discussion is a
complete summary of all codes and formats.

In addition to the section described above, information
concerning remote operation appears in several other
locations. The controller capability of the Noise Figure
Meter is described in the Detailed Operating Instruc-
tions. A summary of HP-IB codes and output formats
appear on one of the Operating Information pull-out
cards. Numerous examples of program strings appear
throughout the Detailed Operating Instructions .
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3-5. Operator's Checks

Operator’s Checks are procedures designed to
verify the proper operation of the Noise Figure
Meter’s main functions. Also, Operator’s Checks
are provided for the Noise Figure Measurement
System. Three procedures are described below.

Basic Functional Checks. This procedure requires
only a noise source, an oscilloscope (or a display
module), and interconnecting cables. It assures
that most front panel controlled functions are
being properly executed by the Noise Figure Meter.

{ZE) HP-IB Functional Checks. These proce-
dures require an HP-IB compatible computing
controller, an HP-IB interface and connecting
cable. The HP-IB Functional Checks assume that
front panel operation of the Noise Figure Meter,
has been verified by performing the Basic Func-
tional Checks. The procedures check all of the
applicable bus messages summarized in Table 3-3.

Noise Figure Measurement System Check. This
procedure only requires the Noise Figure Measure-
ment System (Noise Figure Meter, Noise Figure
Test Set and System Local Oscillator) and a noise
source. The check assures that the Noise Figure
Measurement System is operating properly.

3-6. Operator's Maintenance

WARNING

For continued protection against fire
hazard, replace the line fuse with a 250V
fuse of the same rating only. Do not use
repaired fuses or short-circuited fuse-
holders.

Operator’s maintenance consists of replacing
blown fuses and cleaning the air filter.

The primary power fuse is located within the Line
Power Module (A15). Refer to Figure 2-1 for instruc-
tions on how to change the fuse.

The rear panel fan has a filter inserted from the
outside for ease of cleaning or replacement. To
service the filter, disconnect power from the instru-
ment and remove the filter by pulling it from the
rear of the fan. To clean the filter, hold it under
running water or wash itin warm soapy water and
then rinse it in clear water. Dry the filter thor-
oughly before putting it back into place.

3-2
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NOTE

The internal battery should be replaced
once a year by qualified service per-
sonnel. In the Service Manual, Section
VIII, is a procedure for replacing the
battery. The part number of the Service
Manual is on the title page of this
manual,

If the instrument does not operate properly and is
being returned to Hewlett-Packard for service,
please complete one of the blue tags located at the
end of this manual and attach it to the instrument.
Refer to Section II for packaging instructions.

3-7. GENERAL OPERATING INSTRUCTIONS

WARNING

Before the Noise Figure Meter is switched
on, all protective earth terminals, exten-
sion cords, auto-transformers, and de-
vices connected to the instrument should
be connected to a protective earth
grounded socket. Any interruption of
the protective earth grounding will cause
a potential shock hazard that could
result in personal injury.

Before the Noise Figure Meter is switched
on, it must be set to the same line voli-

age as the power source or damage to the
instrument may result.

The Noise Figure Test Set must be ground-
ed through the third wire on the power
cord to avoid instrument damage to crii-
ical microwave amplifier circuitry.

3-8. Turn-On
Turn-On Procedures. If the Noise Figure Meter is
already plugged in, set the LINE switch to ON.

If the power cable is not plugged in, follow these
instructions:

1. Check the line voltage selection card for correct
voltage selection.

2. Check the fuse for correct current rating. The

current rating is printed on the line power
module label.

3. Plug in the power cable.
On the front panel, set the LINE switch to ON.
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Turn On (cont'd)

Turn-on Sequence. The Noise Figure Meter per-
forms a quick internal check at turn-on. During
this check, all front panel indicators light for
approximately two seconds to allow a quick visual
inspection of each front panel display annunciator
and display segment. If a failure is detected, an
error code will appear in the NOISE FIGURE
display to indicate the nature of the failure. For
error codes E10 through E49, and E80, refer to
Error Messages and Recovery in the Detailed
Operating Instructions. For error codes E60
through E80, refer to Section VIII (Service)*.

If the memory check was successful, “Ctrl” will
appear in the INSERTION GAIN display and
“on” or “OFF”’ will appearin the NOISE FIGURE
display. If the Noise Figure Meter is the system
controller on the System Interface Bus (Special
Function 48.0) “on” will be displayed. If the Noise
Figure Meter is not the system controller on the
System Interface Bus (Special Function 48.1)
“QFF” will be displayed. Then, “Fr” will appear in
the INSERTION GAIN display and “CAL” will
appearin the NOISE FIGURE display for approxi-
mately five seconds while the Noise Figure Meter
performs a frequency calibration.

After the frequency calibration, the instrument
powers up to the last front panel configuration
prior to being turned off. Refer to Preset Conditions
and Power-Up Sequence in the Detailed Operating
Instructions for additional information.

NOTE
An internal battery is used to retain
data in continuous memory when the
Noise Figure Meter is turned off. At
turn-on, the Noise Figure Meter restores
the same front panel configuration that
was present when last powered down.
Nine storage registers, the ENR tables
and other information are also restored.

3-9. Keystroke Sequences

The Noise Figure Meter’s functions can be selected
in any order. However, each function selection

#Section VIIL, Service, is in the Service Manual. The part
number of the Service Manual is on the title page of this
manual.

Operation

requires a prescribed sequence of keystrokes. A
keystroke sequence can be either a single keystroke
or several keystrokes that must be entered in a
specific order. Functions requiring only single key-
stroke are: PRESET, LOCAL, UNCORRECTED
NOISE FIGURE, CORRECTED NOISE FIGURE
AND GAIN, INCREASE, DECREASE, AUTO,
SINGLE, 4 and @ .The CALIBRATE func-

tion requires that the calibrate key be pressed
twice.

Frequency parameters are entered in a Function-
Data-ENTER format. Data entered following a
function will be interpreted for that function only
if terminated with the ENTER key. Data previ-
ously entered remains unaffected until the new
data entry is terminated by pressing the ENTER
key. If another function key is pressed before the
data entry is terminated, that entry will be rejected
and thelast valid data for the function will remain
active.

The STORE and RECALL functions are used to
store and recall instrument configurations or
Excess Noise Ratio (ENR) tables. When used to
store and recall instrument configurations, the
STORE and RECALL functions are entered in a
Function-Data format. It is not necessary to use
the ENTER key to terminate data entry. However,
ENTER has no effect if it is used. Data is a single
digit register number (0 through 9). When used to
store and recall ENR tables, the STORE and RE-
CALL functions are entered in a Function-ENR-
Data format. Itis not necessary to use the ENTER
key to terminate data entry. However, ENTERhas
no effectifit is used. ENRis the ENR key. Datais a
single digit table number (1 through 4).

Special Functions areenteredin a Code-SPECIAL
FUNCTION format. The code consists of a prefix,
decimal, and suffix. 7.1 is an example of a special
function code where 7 is the prefix and 1 is the
suffix. If the suffix is zero, the zero and the decimal
point can be omitted when entering the code. For
example, 7SPECIALFUNCTION is equivalent to
7.0 SPECIAL FUNCTION. A Code-SPECIAL
FUNCTION-Data-ENTER format is used to acti-
vate and enter data for special functions that
require data entry.
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FRONT PANEL FEATURES

FIXED FREQ keys cause the current tuned fre-
quency and frequency increment values to be
displayed, and enable the entry of new values
(see Figure 3-5).

SWEEP keys cause the current sweep param-
eters to be displayed, enabie the entry of new
parameters, and initiate or terminate AUTO or
SINGLE Sweep (see Figure 3-5).

HP-1B Annunciators indicate HP-1B status (see
Figure 3-2).

LOCAL key returns the Noise Figure Meter to
local keyboard control from remote control pro-
vided the instrument is not in local lockout.

PRESET key returns the instrument to the pre-
set conditions shown in Simplified Operation. ee——]

PN = 2
/ |

_

LINE switch applies power to the instrument
when set to ON.
NOISE SOURCE DRIVE OUTPUT drives a

noise source on and off with +28V puises (see
Figure 3-4).

ENR key enables entry of the “ENR versus Fre- =]
quency” calibration data for specific noise
sources (see Figure 3-4).

\ﬂ

Figure 3-6).

Operating Information puil-out cards are
quick operating references that show Special
Functions, HP-IB codes, error codes and mea-
surement modes.

Left Display indicates frequency, entries in
progress, temperature, and Special Function
codes (see Figure 3-2).

e 99 oo

BATA keys are used to enter numeric data (see

INSERTION GAIN displays the gain of the
device under test (for a corrected measure-
ment) and ENR. Other displays are possible

when using Special Functions (see Figure 3-2). NOISE FIBURE displays measured noise (in

selectable output units), error codes and ENR
table number with number of table entries. Other

ENTER key completes a data entry (se¢ Figure displays are possible when using Special Func-
36). tions (see Figure 3-2).

GRAPHIC SCALE keys set the vertical scaling
for an oscilioscope or plotter (see Figure 3-3).

CALIBRATE key initiates a calibration se-
quence. This sequence measures the noise fig-
ure of the measurement system for use in cor-
rected measurements (see Figure 3-7).

CORRECTED NOISE FIGURE AND GAIN key
/ | selects the noise figure and gain measurement.
» The measurement system noise contribution is

@ automatically removed (see Figure 3-7).

@ uncommectiu @ cameciee

N INPUT couples the output signal from the mea-

surement setup into the Noise Figure Meter (see
\- i !! Figure 3-7).

UNCORRECTED NOISE FIGURE key selects
the noise figure measurement. Displayed values
include noise contribution of all parts of the
measurement system (see Figure 3-7).

00 !\

SPECIAL FUNCTION key completes entry of
Special Function codes (see Figure 3-6).

SMOOTHING keys INCREASE or DECREASE the
amount of smoothing (see Figure 3-7).

STORE-RECALL-SEQ keys STORE up to 10
instrument configurations for RECALL at a later
time. The SEQ key permits a sequential recall of
up to 9 stored instrument configurations. Also
used to STORE and RECALL the ENR tables. (See
Figure 3-6.)

Figure 3-1. Front-Panel Features
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Table 3-1. Operating Characteristics

Measurements

Noise Figure (Corrected and Uncorrected Modes)
Range: 0 to 30 dB
Selectable Display Units: FdB,F, YdB,Y,Te K
Insertion Gain (Corrected Mode Only)
Range: —20 to +40 dB
Display Units: dB

Tuning

Fixed Frequency
Range
10 to 1600 MHz (Noise Figure Meter)
10 to 26500 MHz (Noise Figure Measurement System)
Sweep
Linear sweep
Range: 10 to 1600 MHz
Resolution: 1 MHz
Modes: Automatic, Single

Noise Source

Drive: +28V (pulsed)

Parameters Entry Units: ENRin dB, °C, °F, K
Hot Temp. Entry Range: 363 to 15000K
Cold Temp. Entry Range: 0 to 1000K
Smoothing Exponential or linear averaging of insertion gain and

noise figure data before result is displayed. Selectable
units in factors of 2.

3-3.1
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32). NOISE FIGURE displays measured noise (in
selectable output units), error codes and ENR
table number with number oftable entries. Other

1y (seé Figure displays are possible when using Special Func-

tions (see Figure 3-2).

GRAPHIC SCALE keys set the verticai scaling
for an oscilloscope or plotter (see Figure 3-3).

CALIBRATE key initiates a cafibration se-
guence. This sequence measures the noise fig-
ure of the measurement system for use in cor-
rected measurements (see Figure 3-7).

CORRECTED NOISE FIGURE AND GAIN key

| selects the noise figure and gain measurement.

.——::‘:—‘ The measurement system noise contribution is
@ automatically removed (see Figure 3-7).
X \

= I~ INPUT couples the output signal from the mea-
surement setup into the Noise Figure Meter (see
Figure 3-7).

UNCORRECTED NOISE FIGURE key selects
the noise figure measurement. Displayed values
include noise contribution of all parts of the

's entry of measurement system (see Figure 3-7).

6).

SMOOTHING keys INCREASE or DECREASE the
amount of smoothing (see Figure 3-7).
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SIMPLIFIED OPERATION

PRESET

Press This sets the front panel functions to the following:
FREQUENCY = 30 MHz STEP SIZE = 20 MHz
FREQ INCR = 20 MHz SMOOTHING = 1
START FREQ = 10 MHz MEASUREMENT = UNCORRECTED NOISE FIGURE
STOP FREQ = 1600 MHz CALIBRATE = Off
SWEEP = Off

In addition, default values are entered for some Special Functions. Refer to Table 3-14, Special Function Summary.

MEASUREMENT MODES

The Noise Figure Meter has ten Measurement Modes (1.0 through 1.9). Mode 1.0 is used for RF Measurements ranging
from 10 to 1600 MHz (2047 MHz, opt 020) and requires no external equipment (except a noise source). Modes 1.1
through 1.4 are used for microwave measurements up to 99999 Mhz and require the system local oscillator (LO). Modes
1.1 and 1.2 also require an external mixer (the mixer is part of the device-under-test (DUT) in modes 1.3 and 1.4).Modes
1.5 through 1.9 are also for microwave measurements. Mode 1.5 is used for measurements from 10 to 26500 MHz. Modes
1.6 through 1.9 are for measurements up to 99999 MHz. Modes 1.5 through 1.9 require use of the Noise Figure Test Set
and the system LO. Along with the Noise Figure Meter, the Noise Figure Test Set and the system LO form the Noise
Figure Measurement Systemn, which extends the range of the Noise Figure Meter from 1600 MHz (2047 MHz, opt 020)
10 26500 MHz. Modes 1.6 through 1.9 require use of a second LO (user-controlled). The user-controlled L.O is used with
the Noise Measurement System, and along with an external mixer, extend the range of the Noise Figure Measurement
System from 26500 to 99999 MHz. Modes 1.6 and 1.7 require an external mixer (the mixer is part of the DUT in modes
1.8 and 1.9). Refer to the operating information pull-out card and Measurement Modes in the Detailed Operating Instruc-
tions for more information. A Measurement Mode must be selected before performing a calibration or measurement.
(Mode 1.0 is selected with PRESET.) Simplified Operation assumes that Mode 1.0 is selected

FIXED FREQUENCY TUNING

Fixed frequency parameters are selected in a Function-Data-ENTER format. For example, to set the tuned
frequency to 500 MHz and the FIXED

frequency increment to 100 MHz: = FREQ== DATA
press (MHz)

) (33 (0) (3) (o
o) (D (@ () (@

@ or @ steps the frequency up or down by the 100 MHz increment set with the FREQ INCR key.

STORE AND RECALL

The Noise Figure Meter can store instrument configurations for recall at a later time. For example, to store an
instrument configuration in storage register 5:

press (7o) (3

To recall the stored instrument configuration:  press @

The Noise Figure Meter can store and recall four (1 through 4) Excess Noise Ratio (ENR) tables. For example, to
store ENR data to table 3, use the following sequence:

press &EJ [ﬂj ui_]

To recall ENR table 3, use the following sequence:  press ["E“”-] ("‘“J [ 3 ]

3-4.1




HP 8970B Operation

SWEEP FUNCTIONS

Sweep parameters are selected in a Function-Data-ENTER format. For example, to set the start frequency to
1000 MHz, the stop frequency to 1600 MHz and the step size to 100 MHz:

~~SWEEP~— DATA:
(MHz}

plololaic
sjolalaic
®m O

The Noise Figure Meter can sweep the selected frequency range once (SINGLE) or repetitively (AUTO). The
sweep can be terminated by pressing the same key again.

MEASUREMENT
: 3 3 . HP 89708
Connect a noise source to the Noise F_1g'ure Meter as shown: NO S8 FTGURE METER
@ UNCORRECTED [o BE] .

Uncorrected Noise Figure SewBEmE, o
To measure uncorrected noise figure: press t SOURC;DDU TN‘:UTj
The Noise Figure Meter is measuring its own noise figure.

NOISE SOURCE

1

Calibrate

Calibrate measures and stores the measurement system noise characteristic at each frequency for correction of
later measurements. Set START FREQ, STOP FREQ and STEP SIZE parameters. To initiate a calibration:

® '
press twice
Corrected Noise Figure and Gain

The Noise Figure Meter must be calibrated before a corrected noise figure and gain measurement can be made.
@ CORRECTED

NOISE FIGURE
After calibration, to measure corrected noise figure and gain: ~ press ‘

Note that the Noise Figure Meter removes its own noise figure from the measurement results.
Smeothing

To change the number of measurements averaged to optimize speed of response and reduce jitter in the
INSERTION GAIN and NOISE FIGURE displays: press [,"Bmsg ] or [nscmsr)

SPECIAL FUNCTIONS

Special Functions access capabilities of the Noise Figure Meter beyond those available with dedicated front
panel keys. Special Functions are selected in a Code-SPECIAL FUNCTION format. For example, to display the
ENR entry currently being used: . press CODE

=) () (&) (o),

Refer to the Special Functions Detailed Operating Instruction at the end of this section for more information.
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%\EQ?CB NDISH FIGURE METER
- mEWLET . pazid JaD
' M v

o LOCAL Key. Returns the Noise Figure Meter to local Spot ENR — displayed in dB.
operation (front panel control) from remote HP-1B

_ ’ . N Temperature of the noise source — displayed in °C,
control provided that the instrument is not in Local

°F, or K.
Lockout.
Sequence order.
@ HP-IB Annunciators. Display the HP-IB status. The Smoothing factor.

REMOTE annunciator lights when the Noise Figure
Meter is in the remote mode. The TALK annunciator
lights when the Noise Figure Meter is addressed to

All data as it is being entered (except ENR in the
“ENR versus Frequency” tables).

talk or is in Talk Only mode. The LISTEN annunciator EXT MIX (external mixer) annunciator — lights

lights when the Noise Figure Meter is addressed to when Measurement Mode 1.1 through 1.4 or 1.6

listen. The SRQ annunciator lights when the Noise through 1.9 is active.

Figure Meter is sending a Require Service message o INSERTION GAIN Display. Displays (in dB) the gain

to the controller. of the device under test {DUT) to two decimal places.
e Left Display. Depending upon the selected functions, It?lsE:lﬁTﬁ also shows ENR in dB when entering

the following information is displayed: ¢ ables.

Frequency parameters - always displayed in MHz: © NOISE FIGURE Display. Displays measured noise.
1 MHz resolution; 10 to 1600 MHz (2047 MHz, opt Five annunciators (F dB, Y dB, F, Te K, and Y) indi-

020) measurement range in Mode 1.0; 10 to cate the noise figure display units. This display is
26500 MHz measurement range in Mode 1.5; up

) aiso used for power measurements (displayed in
:ﬁrgggga ':;HZ in Modes 1.1 through 1.4 and 1.6 dB), error codes and during ENR Table entry displays
Special Function codes are displayed as they are the ENR table number with entry number.
entered

Figure 3-2. Display and Remote Features

3-8



HP 8970B

Operation

€) GRAPHIC SCALE. The GRAPHIC SCALE keys are used

to select the vertical scaling for an oscilloscope
display or a plotter. The keys select the maximum
and minimum limits for the display or plot. These
keys perform the same functions as Special Func-
tions 8.1 thorugh 8.4.

o GAIN MAX Key. Usedto display and enter the oscillo-

scope or plotter maximum vertical limit for insertion
gain. When pressed the current GAIN MAX value
appears in the left display. The allowable range
of values for GAIN MAX is -9999 dB to 99999 dB.
This key performs the same function as Special
Function 8.4.

© NOISE MAX Key. Used to display and enter the oscil-

loscope or plotter maximum vertical limit for noise
figure. When pressed the current NOISE MAX value
appears in the left display. The allowable range of

values for NOISE MAX is -9999 dB to 99999 dB.
This key performs the same function as Special
Function 8.2.

© GAIN MIN Key. Used to display and enter the oscillo-

scope or plotter minimum vertical timit for insertion
gain. When pressed the current GAIN MIN value
appears in the left display. The allowable range of
values for GAIN MIN is -9999 dB to 99999 dB.

This key performs the same function as Special
Function 8.3.

© NOISE MIN Key. Used to display and enter the oscil-

loscope or plotter minimum vertical limit for noise
figure. When pressed the current NOISE MIN value
appears in the left display. The allowable range of
values for NOISE MIN is -9999 dB to 99999 dB.

This key performs the same function as Special
Function 8.1.

Figure 3-3. GAIN MAX, GAIN MIN, NOISE MAX and NOISE MIN Features
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3
4
@ PRESET Key. Returns the instrument to a known display. The NOISE FIGURE display shows the ENR
state. Refer to the Preset Conditions and Power-Up table number (0—4) and the current table entry
Sequence Detailed Operating Instruction for a list of number (1 through 35). An ENR table is selected by
preset conditions and default values. using the following sequence:
itch ) o RECALL ENR N.
e ﬂif,rsv‘fﬂiﬁ - oples power to the Noise Figure Nis the number of the ENRtable being recalled. An ENR
p ' table is stored using the following sequence:
o ENR Key. Used to display and enable entry of the STORE ENR N.
excess noise ratio (ENR) versus frequency tables. N is the number of the ENR table being stored.

Five ENR tables, each table containing 35 frequen-

cies, can be entered into the Noise Figure Meter. @ NOISE SOURCE DRIVE BUTPUT. This BNC connector
Freguency is shown in the left display and the provides the output to drive a noise source on and
corresponding ENR is shown in the INSERTION GAIN off with +28 volt pulses.

Figure 3-4. LINE Switch, PRESET and SOURCE Features
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@ Frequency Function Keys. In addition to the func-
tions described below, the following keys are used
to prefix numeric entries for the specified functions:
START FREQ, STOP FREQ, STEP SiZE, FREQ, and
FREQ INCR. Frequency is entered in MHz from the
front panel. Frequency parameters are entered in a
Function-Data-ENTER format.

FIXED FREQUENCY Keys

€ FREQUENCY Key. Causes the tuned frequency to
appear in the left display. This key also acts as a
“clear” key when an error is made during entry; that
is, it returns the instrument to the measurement
frequency. (Also see Frequency Function Keys.)

@ FREQ INCR Key. Causes the programmed frequency
increment to appear in the left display while the key
is depressed. (Also see Frequency Function Keys.)

@ < or < keys. Increase or decrease the tuned
fixed frequency by the programmed frequency
increment. Holding either of these keys down causes
the tuning to step continuously up or down.

SWEEP Keys

© SINGLE Key. Starts one sweep from START FREQ to
STOP FREQ in increments determined by STEP SIZE.

At the end of one sweep the instrument remains
tuned to the stop frequency. Single sweep can be
terminated by pressing the SINGLE key a second
time.

© AUTO Key. Starts a sweep from the current fre-
quency. The sweep repeats from START FREQ to
STOP FREQ in increments determined by STEP SIZE
until terminated. Auto sweep is terminated by press-
ing the AUTO key a second time.

0 STEP SIZE Key. Causes the programmed frequency
step size of the sweep to appear in the left display
while the key is depressed. (Also see Frequency
Function Keys.)

© STOP FREQ Key. Tunes the Noise Figure Meter to
the programmed stop frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

0 START FREQ Key. Tunes the Noise Figure Meter to
the programmed start frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

Figure 3-5. SWEEP and FIXED FREQ Features
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o DATA Keys. Enter data or Special Function codes.

Entries are completed by the ENTER key or the SPE-
CIAL FUNCTION key (except for STORE and RECALL).

e ENTER Key. Completes keyboard entries other than

Special Function codes.

© SPECIAL FUNCTION Key. Completes the keyboard

entry of a Special Function code. Special Functions
are instrument operations in addition to those
accessible from dedicated front panel keys. Refer to
Special Functions in the Detailed Operating Instruc-
tions for a complete listing of user special functions.

© STORE and RECALL Keys. Store and recall up to ten

instrument configurations in storage registers 0
through 9. Front panel features that cannot be
stored and later recalled are CALIBRATE, SMOQTH-
ING, AUTO or SINGLE SWEEP, UNCORRECTED NOISE
FIGURE and CORRECTED NOISE FIGURE AND GAIN.
STORE and RECALL are also used to store or recali an
ENR table.

When the STORE key is used as a prefix for a numeric
key (a single digit 0 — 9 to identify the register), the
current instrument configuration is stored in that
internal storage register.

When the RECALL key is used as a prefix to a
numeric key (a single digit 0 — 9 to identify the
register), the contents stored in that register are
recalled and the instrument configuration is changed
to the recalled parameter values.

@ SEO Key. Recalls storage registers 1 through 9in a

preset sequence. Pressing the SEQ key momentarily
displays the current storage register number. SEQ is
used in conjunction with Special Function 35.

© — (Minus) Key. Can beused as a prefix for loss, ENR,

or temperature. Although the minus key can be used
any time before an entry is completed, the minus sign
is always inserted to the left of the entered digits. If the
minus sign is used incorrectly an error message is
displayed when ENTER is pressed.

3-12
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0 CALIBRATE Key. Initiates the calibration process
which measures and stores the measurement system
noise figure and gain. This data is used for second
stage correction and gain measurements. Galibration
is done from START FREQ to STOP FREQ in steps of
STEP SIZE (see Figure 3-5). During calibration all front
panel keys except PRESET, CALIBRATE and LOCAL are
disabled. To start a calibration, the CALIBRATE key
must be pressed twice. Pressing CALIBRATE before
calibration is complete terminates the calibration.

Q CORRECTED NOISE FIGURE AND GAIN Key.
Configures the Noise Figure Meter to measure noise
figure and gain with second stage correction (that
is, only the noise figure and gain of the device under
test is displayed). A calibration must be completed
prior to making corrected noise figure and gain
measurements.

@ INPUT. This female type-N INPUT connector is used
to connect the device under test to the Noise Figure
Meter in Modes 1.0 through 1.4. In Modes 1.5 through
1.9, the Noise Figure Test Set is connected to this
input. The nominal inputimpedance is 50 ohms. Speci-
fied operating input level is less than —10 dBm. The
frequency range at the INPUT connector is 10 to 1600

MHz (2047 MHz, opt 020). The maximum average
input power for a CW signal, and the maximum
peak input power for a pulsed signal is +20 dBm
(+13 dBm, opt 020).

Damage to the instrument can be caused by con-
necting signals to INPUT that exceed +20 dBm
(+13 dBm, opt 020) or +20 Vdc.

@ SMOOTHING Keys. INCREASE and DECREASE the

number of measurements averaged (smoothing
factor) when displaying measurement results. When
pressed, these keys cause the smoothing factor to
appear in the left display. The smoothing factor
ranges from 1 to 512 and changes in factors of 2.
Pressing INCREASE doubles the smoothing factor.
Pressing DECREASE halves the smoothing factor.
Both INSERTION GAIN and NOISE FIGURE displays are
smoothed. Increasing the smoothing reduces the jitter
in the display.

@ UNCORRECTED NOISE FIGURE Key. Configures the

Noise Figure Meter to measure noise figure without
second stage correction (that is, the noise contribu-
tion of the measurement system is included in the
reading in the NOISE FIGURE display).

Figure 3-7. MEASUREMENT and INPUT Features
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@) NOISE SOURCE DRIVE OUTPUT drives a noise source
on and off with +28V pulses and is in parallel to the
front panel NOISE SOURCE DRIVE OUTPUT. (Only one
noise source can be connected at a time.)

o INPUT is a rear panel input for coupling the output
signal from the device under test or Noise Figure Test
Set into the instrument.

Damage to the instrument can be caused by con-
necting signals to INPUT that exceed +20 dBm
(+13 dBm, opt 020} .or +20 Vdc

Q IF provides a rear panel output for the Noise Figure
Meter's last IF (20 MHz) immediately prior to the
detector. The power level is -50 to -30 dBm nominal.
Output impedance is 50Q nominal.

0 DET provides an output from the noise power detector.
Level is 0.1 to 1.0 Vdc nominal, floating.

NOTE
DET is a direct connection to the instru-
ment’s detector. Loading or injecting a
signal may cause inaccurate readings. Only
connect this output to instrumentation with
floating inputs. Output impedance is 10 kQ
nominal.

o GAIN TRACE adjusts the intensity of the gain trace (on
an oscilloscope) relative to the noise figure trace.

@ Line Power Module permits operation from 100, 120,
220 or 240 Vac. The number visible in the window
indicates nominal line voltage to which the instrument
must be connected (see Figure 2-1). Center conductor
is a chassis connection for safety earth ground.

o Fuse. 1.5A (250V, Normal Blow) for 100/120 Vac. 1.0
(250V, Normal Blow) for 220/240 Vac.

9 System Interface Bus (SIB) Connector. Connects the
Noise Figure Meter to the System Interface Bus. This
is the bus that the Noise Figure Meter uses to control
the Noise Figure Test Set, System Local Oscillator and
a plotter.

© HP-IB Connector connects the Noise Figure Meter to the
Hewlett-Packard interface Bus for HP-IB operation.

@ X-AXI8. 0 to +6V output proportional to the measure-
ment frequency when driving an analog oscilloscope
or X-Y recorder. This output can be made proportional
to noise figure for driving a strip chart recorder.
Output impedance is 100Q.

@ Y-AXIS. 0 to +6V output proportional to noise figure
when driving an analog oscilloscope or X-Y recorder.
This output can be made proportional to gain when
driving a strip chart recorder. Qutput impedance is
1002.

(D Z-AXIS/PEN LIFT. TTL compatible output. When used
with an analog oscilloscope, the Z-AXIS provides a
TTL high signal for retrace and cursor blanking. When
used with a recorder, the PEN LIFT provides a TTL high
signal to lift the pen. Qutput impedance is 100Q.

Figure 3-8. Rear Panel Features
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L
€@ L0 INPUT Connector connects the signal 2‘3:13%’:3'3‘9" Is routed to the IF OUTPUT
from a local oscillator to the Test Set for RF )
input signals above 1600 MHz. Q {IF OUTPUT Connector connects the output
o RF INPUT Connector connects the signal of the Test Set to the Noise Figure Meter. :
from the measurement setup into the Test o LINE Switch applies power to the instrument
Set. If the input signal is 1600 MHz or below, when set to ON.
it is connected by internal relays directly to . - .
the IF OUTPUT connector, to go to the Noise o :gg‘clf‘:jm::;)?fe ':?;?:;e (;hz:h:o;f;g_gagzrsi
Figure Meter. Otherwise, it is mixed with the ' (also alled the System Interface Bus)
local oscillator input (LO INPUT) and the IF Y :

Figure 3-9. HP 8971B/C Front Panel Features
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o HP-IB ADDRESS Switch sets the HP-IB ad- to which the instrument must be connected
dress, and also has two segments (bits) for (see Figure 2-1). Center conductor is a chas-
selecting diagnostic tests (TEST 1 and TEST ?Lljssec?snrlictlonlfor Szfe? ti?m:ng?l:nd{ngi
2). These segments normally should be ieft replaced ¢ only part © S module
off (down). P )

o Line Power Module permits operation from o HP-1B Connector connects the Test Set to the
100, 120, 220 or 240 Vac. The number visible ge:rft}g:“kard Intertace Bus for HP-IB
in the window indicates nominal line voltage P )

Figure 3-10. HP 8971B/C Rear Panel Features
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OPERATOR’S CHECKS

. 3-10. OPERATOR'S CHECKS

3-11. Basic Functional Checks

Description

Equipment

. Procedure

The overall operation of the Noise Figure Meter is checked using a noise source and an
analog display module. If the Noise Figure Meter is to be used to control the System L.O,
the optional System LO Check at the end of this procedure verifies that capability. This
check should be performed sequentially.

H

SYSTEM P _BS70B ANALOG
LOCAL OSCILLATOR NOISE FIGURE METER DISPLAY MODULE

t Z~AX1S
= BB ™=Y=ax1s
o oon 0 pooo f=)
D £ @008 5 oo X-AX1S
® gamoo 8885 " S 5 T

SOURCE INPUT
NOISE SOURCE
Y

p—

Figure 3-11. Basic Functional Checks Setup

Noise Source ......ccovivvvevnrnnianens HP 346B Option 001
Analog Display Module ............. HP 1332A Options 101 and 315
System LO ...t HP 8671B

Preliminary Check

1.

2.

Remove any cables from the Noise Figure Meter's INPUT and SOURCE. Set the
LINE switch to OFF, and then back to ON. Verify the front panel LED annuncia-
tors, display segments, decimal points, and key lights turn on for approximately
two seconds. Then, verify that “Ctrl” appears in the INSERTION GAIN display
and “on” or “OFF” appears in the NOISE FIGURE display. If the Noise Figure
Meter is the system controller on the System Interface Bus (Special Function 48.0)
“on” will be displayed. If the Noise Figure Meter is not the system controller on the
System Interface Bus (Special Function 48.1) “OFF” will be displayed. Then, “Fr”
will appear in the INSERTION GAIN display and “CAL” will appear in the
NOISE FIGURE display for approximately five seconds while the Noise Figure
Meter performs a frequency calibration.

Press PRESET. After “Fr” disappears from the INSERTION GAIN display and
“CAL” disappears from the NOISE FIGURE display, verify the following
conditions:

NOTE :
If error code E44 is displayed, press 45.0 SPECIAL FUNCTION. Since
Measurement Mode 1.0 (default after PRESET) doesn’t require the
Noise Figure Test Set, Special Function 45.0 disables Noise Figure Test
Set commands in Measurement Mode 1.0.

Left display shows 30 MHz.

INSERTION GAIN display is blank.

NOISE FIGURE display shows “—— FdB”.
UNCORRECTED NOISE FIGURE annunciator is on.

o TP
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OPERATOR’S CHECKS

Basic Functional Checks (cont'd)

Procedure

3. Enter the Excess Noise Ratio (ENR) data for the noise source being used. For more
(cont’d)

information, refer to the ENR Table Entry Detailed Operating Instruction. Con-
nect the noise source between the Noise Figure Meter’s SOURCE and INPUT (see
Figure 3-11). Verify the NOISE FIGURE display shows approximately 5 dB.

4. Connect the display to the X-,Y-, and Z-AXIS connectors on the rear panel of the

Noise Figure Meter. Use the X-AXIS for the horizontal input and the Y-AXIS for the
vertical input.

5. On the Noise Figure Meter, press 7. 1 SPECIAL FUNCTION. Verify that a test
pattern is seen on the display. It may be necessary to adjust rear panel GAIN
TRACE control to obtain the test pattern. The test pattern should be 6 + 0.5 volts
vertically and horizontally. Adjust the display until the test pattern fills the grid
area (see Figure 3-12). Press 7.0 SPECIAL FUNCTION to enable the Noise Figure
Meter to output the noise figure and gain data to the display.

Figure 3-12. Test Pattern on Oscilloscope

Calibration and SWEEP Check

6. Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display shows an error message.

NOTE
In step 6, error code E20 (not calibrated) is normally displayed.

7. PressUNCORRECTED NOISE FIGURE. Verify that the NOISE FIGURE display
shows approximately 5 FdB indicating that the Noise Figure Meter can make
uncorrected noise figure measurements prior to being calibrated.

8. Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display again shows an error message.
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OPERATOR’S CHECKS
. Basic Functional Checks (cont'd)
Procedure NOTE
(cont'd) All frequency data must be entered in MHz.

9. Press the following keys to enter the SWEEP calibration parameters:

a. START FREQ 1 2 3 ENTER.
b. STOP FREQ 7 8 9 ENTER.
c. STEP SIZE 4 0 ENTER.

10. Press CALIBRATE twice. Verify the following conditions:

11.

12.

13.

a. CALIBRATE annunciator lights.

b. The frequency is swept from the start frequency (123 MHz) to the stop fre-
quency (789 MHz) in 40 MHz steps. This sweep is performed three times.

c. After calibration is complete, the CALIBRATE annunciator turns off and the
CORRECTED NOISE FIGURE AND GAIN annunciator lights.

d. The INSERTION GAIN display shows approximately 0 dB and the NOISE
FIGURE display shows approximately 0 FdB.

Press SWEEP SINGLE. Verify that the key’s LED lights. The established fre-
quency range is swept once. After the sweepis completed, the LED turns off and the
left display shows 789 MHz.

Press SWEEP AUTO. Verify that the key’s LED lights and the frequency rangeis
swept repetitively. Press SWEEP AUTO again. Verify the sweep stops at the
current frequency and the LED goes off.

Press SMOOTHING INCREASE four times to set the smoothing (averaging)
factor to 16. Press SWEEP SINGLE. Verify that the INSERTION GAIN and
NOISE FIGURE displays are more stable and the time required for each

measurement is longer. Press SMOOTHING DECREASE four times to return the
smoothing factor to 1.

GRAPHIC SCALE Check

14.

15.

16.

17.

18.

Verify that the display is set up as described in steps 3 through 5.

Press 7.0 SPECIAL FUNCTION. This will enable Noise Figure and Insertion Gain
to be seen on the display.

Press NOISE MAX. Verify that 8.000 dB is shown in the left display. If 8.000 dB is
not shown, press 8 and ENTER.

Press NOISE MIN. Verify that 0.000 dB is shown in the left display. If 0.000 dBis
not shown, press 0 and ENTER.

Press GAIN MAX. Verify that 40.00 dB is shown in the left display. If 40.00 dBis
not shown, press 40 and ENTER.
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OPERATOR’S CHECKS

Basic Functional Checks (cont’'d)

Procedure 19.

(cont'd)

20.

21.

22
23.
24,

25.

Press GAIN MIN. Verify that 0.000 dB is shown in the left display. If 0.000 dB is
not shown, press 0 and ENTER.

Press START FREQ. Verify that 10 is displayed in the left display. If 10 is not
displayed, key in 10 and press ENTER. Press STOP FREQ. Verify that 1600 is
displayed in the left display. If 1600 is not displayed, key in 1600 and press ENTER.
Press STEP SIZE. Verify that 20 is displayed in the left display. If 20 is not
displayed, key in 20 and press ENTER.

Press CALIBRATE twice. The Noise Figure Meter will perform a calibration from
the start frequency to the stop frequency, using the step size selected.

Press CORRECTED NOISE FIGURE AND GAIN.
Press SINGLE SWEEP. Verify that the traces are along the bottom of the display.

Change the NOISE MAX and GAIN MAX limit to 2. Change the NOISE MIN and
GAIN MIN limit to —2.

Press SINGLE SWEEP. The Noise Figure trace and Insertion Gain trace will
appear in the center of the display.

FIXED FREQUENCY Tuning Check

26.

27.

28.

Press the following keys to establish the tuned FIXED FREQUENCY parameters:
a. FREQUENCY 500 ENTER.
b. FREQINCR 300 ENTER.

Press 4 . Verify that the left display shows 800 MHz and the NOISE FIGURE
display shows error code E21 (current frequency is out of calibrated range).

Press W . Verify the left display shows 500 MHz and the INSERTION GAIN and
NOISE FIGURE displays show approximately 0.

ENR Table Entry Check

29.
30.

31.

NOTE

This check verifies the capability of the ENR and ENTER keys to
initiate and sequence through the ENR table. If it is necessary to change
the ENR table, refer to the ENR Table Entry Detailed Operating
Instruction.

Press ENR. Verify the MHz annunciator in the left display is flashing.

Press ENTER. Verify that the MHz annunciator remains on and the dB annun-
ciator in the INSERTION GAIN display is flashing.

Press and hold ENTER. Verify the two displays sequence through the ENR table

entries. Also, the ENR table entry should be changing in the NOISE FIGURE
display. Release ENTER.
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. Basic Functional Checks (cont'd)
Procedure NOTE
(cont'd) If ENTER is held down until all 35 frequency vs. ENR pairs have been

32.

displayed, both annunciators light and remain lit. When ENTER is
released, the Noise Figure Meter returns to the measurement config-
uration it was in prior to pressing ENR. If ENTER is released prior to
displaying all pairs, press FREQUENCY to return to the previous
measurement configuration.

Verify that the CORRECTED NOISE FIGURE AND GAIN annunciator lights.

STORE, RECALL and SEQ Check

33.

34.
35.
36.

37.

38.

Press PRESET. Verify the left display shows 30 MHaz.

: NOTE
During the STORE and RECALL checks the complete instrument
configuration is stored and recalled. The frequency change is merely a
convenient indication that different setups have been stored and
recalled.

Press STORE 1.
Press 4 . Verify the left display shows 50 MHz. Press STORE 2.

Press RECALL 1. Verify the left display shows 30 MHz. Press RECALL 2. Verify
the left display shows 50 MHz.

Press and hold SEQ. Verify the left display shows 1. Release SEQ. Verify the left
display shows 30 MHz.

Press and hold SEQ. Verify the left display shows 2. Release SEQ. Verify the left
display shows 50 MHz.

Minus Check

39.

Press —. Verify the left display shows —.

System LO Check (Optional; for Measurement Modes 1.1 through 1.4)

40.

41.

NOTE
The following steps check the Noise Figure M eter’s capability to control
the System LO. It is not necessary to perform this check unlessthe Noise
Figure Meter is used for this purpose and a suitable System LO is
available. It is assumed in the following check that the SIB addresses
used by the Noise Figure Meter and the System LO are compatible.

Connect the System LO to the Noise Figure Meter’s SYSTEM INTERFACE BUS
connector (see Figure 3-9).

Press 48.0 SPECIAL FUNCTION. This will enable the Noise Figure Meter to bethe
system controller on the System Interface Bus.
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OPERATOR’S CHECKS
Basic Functional Checks (cont'd)
Procedure 42. Press 46.0 SPECIAL FUNCTION. This will enable the commands for the system
(cont'd) LO on the System Interface Bus.

43. Press one of the following sequences of keys depending upon the System LO used:
a. For an HP 8350B, press 41.0 SPECIAL FUNCTION.
b. For an HP 8671B/8672A press 41.2 SPECIAL FUNCTION.
c. For an HP 8673B/C/G, press 41.3 SPECIAL FUNCTION.
d. For an HP 8340B/8341B, press 41.4 SPECIAL FUNCTION.
e. For the Custom Local Oscillator Program, press 41.5 SPECIAL FUNCTION.
44. Press 1.1 SPECIALFUNCTION. Verify theleft display shows 10000 MHz and the
EXT MIX annunciator lights. Also, verify that the remote and listen annunciators

light on the system LO.

45. On the Noise Figure Meter, press SWEEP START FREQ. Verify the left display
shows 8000 MHz and the System LO is tuned to the same frequency.

46. On the Noise Figure Meter, press SWEEP STOP FREQ. Verify the left display
shows 12000 MHz and the System LO is tuned to the same frequency. .
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OPERATOR’S CHECKS

. 3-12. HP-IB Functional Checks ‘CIHE)

Description

Initial
Setup

Equipment

. HP-IB antrroller

The following procedures check the instrument’s ability to perform the following
functions:

a. Process or send all of the applicable HP-IB messages described in Table 3-3.
b. Recognize its own HP-IB address.

¢. Set all of the bus data, handshake, and control lines (except DIO8) to both their
true and false states.

These procedures do not check if all Noise Figure Meter program codes are being
properly interpreted and executed by the instrument. However, if the power-up
sequence (including the memory checks) and the front panel operation is good, the
program codes, in all likelihood, will be correctly executed.

The validity of these checks is based on the following assumptions:

a. The Noise Figure Meter performs properly when operated via the front panel keys
(that is, in local mode). This can be verified with the Basic Functional Checks.

b. The bus controller properly executes HP-IB operations.
¢. The bus controller’s HP-IB interface properly executes the HP-IB operations.

If the Noise Figure Meter appears to fail any of these HP-IB checks, the validity of the
above assumptions should be confirmed before attempting to service the instrument.

The select code of the controller’s HP-IB interface is assumed to be 7. The address
of the Noise Figure Meter is assumed to be 8 (its address as set at the factory). This
select code address combination (that is, 708) is not necessary for these checks to be

valid. However, the program lines presented here have to be modified for any other
combination.

These checks are intended to be as independent of each other as possible. Nevertheless,
the first four checks should be performed in order before other checks are selected. Any
special initialization or requirements for a check are described at its beginning.

The test setup is the same for all of the checks. Connect the Noise Figure Meter to the
bus controller via the HP-IB interface. Do not connect any equipment, other than the
noise source, to the Noise Figure Meter’s INPUT.

.............. HP 9000 Series 200/300

Noise SOUTCE ... ovurrrreennnn. HP 346B (Option 001)
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HP-IB Functional Checks {EEEE) (cont'd)

Address Recognition

Note

Operator’s
Response

Operator’s
Response

This check determines if the Noise Figure Meter recognizes when it is being addressed
and when it is not. This check assumes only that the Noise Figure Meter can properly
handshake on the bus. Before beginning this check, set the Noise Figure Meter’s

LINE switch to ON, press PRESET, 45.0 SPECIAL FUNCTION, and 4.0 SPECIAL
FUNCTION.

HP 9000 Series 200/300
Description {BASIC)
Set the Remote Enable (REN) bus control line false. LOCAL 7
Send the Noise Figure Meter’s listen address. OUTPUT 708

Check that the Noise Figure Meter’s REMOTE annunciator is off and that its LISTEN

annunciator is on.

Unaddress the Noise Figure Meter by sending a different address. OUTPUT 715

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
off.

Remote and Local Messages and the LOCAL Key

Note

Operator’s
Response

Operator’s
Response

This check determines if the Noise Figure Meter properly switches from local to remote
control, from remote to local control, and if the LOCAL key returns the instrument
to local control. This check assumes that the Noise Figure Meter is able to both
handshake and recognize its own address. Before beginning this check, press the Noise
Figure Meter’s PRESET key. Then press 4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300
Description (BASIC)

Send the Remote message (by setting Remote Enable, REN, true REMOTE 708
and addressing the Noise Figure Meter to listen).

Check that the Noise Figure Meter’'s REMOTE and LISTEN annunciators are on.

Send the Local message to the Noise Figure Meter LOCAL 708

Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN
annunciator is on.

Send the Remote message to the Noise Figure Meter. REMOTE 708
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HP-IB Functional Checks {EEEP(cont’d)

Operator’s Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are

Response on. Press the LOCAL key on the Noise Figure Meter. Check that the Noise Figure
Meter’s REMOTE annunciator is now off, but that its LISTEN annunciator remains
on.

Sending the Data Message

Note This check determines if the Noise Figure Meter properly issues Data messages when

addressed to talk. This check assumes that the Noise Figure Meter is able to handshake
and recognize its own address. Before beginning this check, press the Noise Figure
Meter’s LINE switch twice (OFF then ON). Then, after the power-up sequence is
completed, press CORRECTED NOISE FIGURE AND GAIN and 4.0 SPECIAL
FUNCTION. (If an HP 9000 Series 200/300 controller is used, a short program is
required to perform this check.)

HP 9000 Series 200/300
Description (BASIC)

Address the Noise Figure Meter to talk and store its |10 V =0

output in variable V. (The output is E20 since the Noise | 20 ENTER 708;V
Figure Meter is not calibrated.) 30 DISP V

40 END

Display the value of V. DISP V

Operator’s Check that the Noise Figure Meter’s REMOTE annunciator is off but that its TALK
Response annunciator is on. The controller’s display should read 9.002E+10 (HP 9000 Series
200/300).

Receiving the Data Message

Note This check determines if the Noise Figure Meter properly receives Data messages. The

Data messages sent cause the 7 least significant HP-IB data lines to be placed in both
their true and false states. This check assumes the Noise Figure Meter is able to
handshake, recognize its own address and properly make the remote /local transitions.
Before beginning this check, press the Noise Figure Meter’s PRESET key. Then press
4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300

Description (BASIC)
Send the first part of the Remote message (enabling REMOTE 7
the Noise Figure Meter to remote).
Address the Noise Figure Meter to listen (completing OUTPUT 708;
the Remote message), then send a Data message. “FR15MZ”
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HP-IB Functional Checks {IGEEY (cont’d)

Operator’s
Response

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the left display shows 15 MHz.

Local Lockout and Clear Lockout/Set Local Messages

Note

Operator’s
Response

Operator’s
Response

Clear Message
Note

This check determines if the Noise Figure Meter properly receives the Local Lockout
message, disabling the LOCAL key. The check also determines if the Clear
Lockout/Set Local message is properly received and executed by the Noise Figure
Meter. This check assumes that the Noise Figure Meter is able to handshake, recognize
its own address, and properly make the remote/local transitions. Before beginning this
check, press the Noise Figure Meter’s LINE switch OFF then ON and then press the
PRESET key. Then press 4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300
Description {BASIC)
Send the first part of the Remote message (enabling the Noise REMOTE 7
Figure Meter to remote).
Send the Local Lockout message. LOCAL LOCKOUT 7
Address the Noise Figure Meter to listen (completing the Remote OUTPUT 708
Imessage).

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are

on. Press the Noise Figure Meter’s LOCAL key. Both its REMOTE and LISTEN
annunciators should remain on.

Send the Clear Lockout/Set Local message. LOCAL 7

Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN

annunciator is on.

This check determines if the Noise Figure Meter properly responds to the Clear
message. This check assumes that the Noise Figure Meter is able to handshake,
recognize its own address, make the remote/local changes and receive Data messages.
Before beginning this check press the Noise Figure Meter’s PRESET key. When
“Fr” disappears from the INSERTION GAIN display and “CAL” disappears from
the NOISE FIGURE display, press CALIBRATE twice. Once the LED above the
CALIBRATE key turns off, press 4.0 SPECIAL FUNCTION.
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HP-IB Functional Checks {IEHEP (cont’d)

Operator’s
Response

Operator’s
Response

Abort Message
Note

Operator’s
Response

Operator’s
Response

Description

HP 9000 Series 200/300
(BASIC)

Send the first part of the Remote message (enabling the Noise
Figure Meter to remote).

REMOTE 7

Address the Noise Figure Meter to listen (completing the
Remote message), then send a Data message that selects the
CORRECTED NOISE FIGURE AND GAIN measurement.

OUTPUT 708; “M2”

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the CORRECTED NOISE FIGURE AND GAIN key light is on.

Send the Clear message (setting the Noise Figure Meters
measurement to UNCORRECTED NOISE FIGURE).

CLEAR 708

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the UNCORRECTED NOISE FIGURE key light is on.

This check determines if the Noise Figure Meter becomes unaddressed when it receives
the Abort message. Before beginning this check, enter LOCAL 708 and press the Noise
Figure Meter’s PRESET key. Then press 4.0 SPECIAL FUNCTION.

Description

HP 9000 Series 200/300
{BASIC)

Send the Remote message to the Noise Figure Meter.

REMOTE 708

Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are

on.

Send the Abort message, unaddressing the Noise Figure Meter

from listening,.

ABORT 7

Check that the Noise Figure Meter’s LISTEN annunciator is off.
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HP-IB Functional Checks {IEEE) (cont’d) .

Status Byte Message

Note This check determines if the Noise Figure Meter sends the Status Byte message. Before

beginning this check, press the Noise Figure Meter’s PRESET key. Then press 4.0
SPECIAL FUNCTION.

HP 9000 Series 200/300
Description {BASIC)

Place the Noise Figure Meter in serial-poll mode and address it SPOLL(708)
to talk (causing it to send the Status Byte message).

Operator’s Check that the controller’s display reads 0.
Response

Require Service Message

Note This check determines if the Noise Figure Meter can issue the Require Service message

(set the SRQ bus control line true). This check assumes that the Noise Figure Meter
is able to handshake, recognize its own address, make the remote/local changes, and
receive Data messages. Before beginning this check, press the Noise Figure Meter’s
PRESET key. Then press 4.0 SPECIAL FUNCTION. (If an HP 9000 Series 200/300
controller is used, a short program is required to perform the last half of this check.)

HP 9000 Series 200/300
Description (BASIC)

Send the first part of the Remote message (enabling the Noise | REMOTE 7
Figure Meter to remote). '

Address the Noise Figure Meter to listen (completing the Remote | OUTPUT 708; “<”
message), then send a Data message containing an invalid HP-IB
code. This enables a Require Service message to be sent.

Make controller wait two seconds to allow time for the Noise | WAIT
Figure Meter to send the Require Service message. (This step is
not necessary if sufficient time is allowed.)

Read the binary status of the controller’s HP-IB interface and |10 V = 0

store the data in variable V (in this step, 7 is the interface’s |20 STATUS 7,7; V
select code).

Display the value of the SRQ bit (in this step 10 (HP 9836) is |30 DISP“SRQ=";
the SRQ bit for the controller, numbered from 0). 30 BIT(V,10)
40 END

Operator’s Check that the SRQ value is 1, indicating the Noise Figure Meter issued the Require
Response Service message.
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HP-IB Functional Checks {EEEEY (cont’d)

Trigger Message

Note This check determines if the Noise Figure Meter responds to the Trigger message. This
check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, make the remote/local changes, and send and receive Data messages. Before
beginning this check, enter LOCAL 708 and press the Noise Figure Meter’s PRESET
key. Then press 4.0 SPECIAL FUNCTION (If an HP 9000 Series 200/300 controller
is used, a short program is required to perform this check.)

HP 9000 Series 200/300
Description (BASIC)

Send the first part of the Remote message (enabling the Noise | 10 REMOTE 7
Figure Meter to remote).

Address the Noise Figure Meter to listen (completing the Remote | 20 OUTPUT 708; “T1”
message), then send a Data message placing the Noise Figure
Meter in the Trigger Hold mode.

Send the Trigger message. 30 TRIGGER 708
40V =0

Address the Noise Figure Meter to talk and store the data in|50 ENTER T708; V

variable V.

Display the value of V. 60 DISP V 70 END
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3-13. Noise Figure Measurement System Check

Description This check will verify proper operation of the Noise Figure Measurement System (Noise
Figure Meter, Noise Figure Test Set and System Local Oscillator). The Noise Figure
Test Set and the System Local Oscillator extend the input frequency range of the Noise
Figure Meter from 2047 to 26500 MHz.

Equipment NoiseSource ........ovvvivevinerenen HP 346B Option 001

Procedure 1. Set up the Noise Figure Measurement System as shown in t'igure 3-13.

2. Turn the Noise Figure Measurement System on and press PRESET.

3. Verify the following conditions:

Special Function 48.0 is active.
Special Function 45.1 is active.
Special Function 46.0 is active.

The address of the Noise Figure Test Set is the one stored in the Noise Figure
Meter (Special Function 40.2).

The address of the System Local Oscillator is the one stored in the Noise Figure
Meter (Special Function 40.1).

The appropriate System Local Oscillator program (Special Function 41) is
active.

SYSTEM
LOCAL OSCILLATOR
m HP 8971B/C_NOISE
FIGURE TEST SET
YSTEM INTERFACE BUS
: : X
OUTPUT Lo RF 1F
L —J INPUT INPUT QUTPUT
HP 89708
NOISE F1GURE METER
Lo B8] |
o o B g, 0B [ ———
o gmnmngERE® 55
0ISE SOURCE INPUT
DRIVE QUTRUT NOISE SOURCE

__—e————

Figure 3-13. Noise Figure Measurement System Check Setup

3-28




HP 8970B

Operation

OPERATOR’S CHECKS

. Noise Figure Measurement System Check (cont'd)

Procedure
(cont’d)

10.

11.

12.

13.

NOTE
Steps 4 through 9 will verify that the Noise Figure Test Set and the
System Local Oscillator are properly connected to the Noise Figure
Meter and that the Noise Figure Meter can talk to the Noise Figure Test
Set and System Local Oscillator. If steps 4 through 9 do not perform as
indicated, go to step 17.

. On the Noise Figure Meter, press 1.5 SPECIAL FUNCTION. Verify that 3000 and

E28 are displayed. Error code E28 can be ignored.

Press FREQUENCY and key in 100. Press ENTER. Verify that the SSB1 annun-
ciator on the Noise Figure Test Set is on.

. Press FREQUENCY and key in 2000. Press ENTER. Verify that the SSB2

annunciator on the Noise Figure Test Set is on and the LO is set to 2700 MHz.

. Press FREQUENCY and key in 3000. Press ENTER. Verify that the SSB3 annun-

ciator on the Noise Figure Test Set is on and the LO is set to 3450 MHz. Error code
E28 will be displayed, on the Noise Figure Meter. This error can be ignored.

Press 17.1 SPECIAL FUNCTION. Verify that the DSB annunciator on the Noise
Figure Test Set is on, the LO is set to 3000 MHz and E28 is gone.

. Press 17.0 SPECIAL FUNCTION and 36.2 SPECIAL FUNCTION. Verify that

error code E28 is still gone. Press 36.0 SPECIAL FUNCTION.

If steps 4 through 9 performed as indicated, go to step 12. If there seems to be a
problem, go to step 11.

If any one of the steps (4 through 9) did not perform as indicated, check the cabling
between the instruments. Then, repeat steps 4 through 9. If the problem still exists,
go to step 17.

NOTE
The following steps will verify if the Noise Figure Measurement System
is operating properly. If steps 12 through 16 do not perform as indicated,
go to step 17.

On the Noise Figure Meter, change the start frequency to 1000, the stop frequency
to 5000 and the step size to 1000. The procedure is to press the appropriate key

(START FREQ, STOP FREQ or STEP SIZE), key in the new value and press
ENTER.

NOTE
Step 13 should not be performed until the Noise Figure Measurement
System has had a twenty minute warm-up period. Twenty minutes is
needed for the Noise Figure Measurement System to reach operating
temperature.

On the Noise Figure Meter, press CALIBRATE twice. CALIBRATE is pressed
twice to ensure that a calibration is performed only when desired. After CALI-
BRATE is pressed twice, the Noise Figure Test Set’s YIG filter is fine tuned. Then,
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Noise Figure Measurement System Check (cont'd)

Procedure
(cont'd)

the Noise Figure Measurement System is calibrated. During the Noise Figure Test
Set’s YIG filter fine tuning, the following indications will be seen on the Noise
Figure Meter, Noise Figure Test Set and System Local Oscillator:

NOTE

The fine tuning calibration will take from twenty-five to thirty seconds
to complete.

Noise Figure Meter

a. Each point that is being fine tuned and is included in band SSB3 (single side-
band 3, on the Noise Figure Test Set; 2401 to 26500 MHz) is displayed in the
left display. Frequency points that are included in bands SSB1 (single sideband 1,
on the Noise Figure Test Set; 10 to 1600 MHz) or SSB2 (single sideband 2, on the
Noise Figure Test Set; 1601 to 2400 MHz) are not displayed.

b. “8971” appears in the INSERTION GAIN display.
¢c. “CAL” appears in the NOISE FIGURE display.

Noise Figure Test Set
a. The REMOTE annunciator is on.
b. The LISTEN annunciator will flash.

¢. Theannunciators for SSB1, SSB2 and SSB3 will be stepped from SSB1 to SSB2
to SSB3.

System Local Oscillator

a. The REMOTE annunciator is on.

b. The LISTEN annunciator will flash.

¢. The FREQUENCY display will move around.

When the Noise Fig'ure Test Set YIG filter fine tuning is complete, the Noise Figure
Measurement System is calibrated. The calibration will be done for each input gain
setting at the frequencies set by START FREQ, STOP FREQ and STEP SIZE.

During calibration the following indications can be seen on the Noise Figure Meter,
Noise Figure Test Set and System Local Oscillator:

Noise Figure Meter
a. The frequency point being calibrated will be shown in the left display.

b. The noise figure of the frequency point is shown in the NOISE FIGURE
display.

c. The INSERTION GAIN display is blank.

Noise Figure Test Set
a. The REMOTE annunciator is on.
b. The LISTEN annunciator will flash.

c. The annunciators for SSB1, SSB2 and SSB3 will step from SSB1 to SSB2
to SSB3.
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. Noise Figure Measurement System Check (cont’d)

Procedure
(cont’d)

14.

15.

16.

17.
18.

19.

20.

21.
22,

23.

24.

2b.

26.

System Local Oscillator

a. The REMOTE annunciator is on.

b. The LISTEN annunciator will flash.

c. The FREQUENCY display will be changing.

When calibration is complete, press 17.1 SPECIAL FUNCTION. The annunciator
for band DSB (double sideband) will light up on the Noise Figure Test Set.

On the Noise Figure Meter, change the stop frequency by pressing SWEEP STOP
FREQ, keying in 3000 and pressing ENTER.

Observe the NOISE FIGURE display on the Noise Figure Meter. The noise figure
displayed should be between 8 and 12 dB.

If the system performed as indicated in steps 13 through 16, the Noise Figure
Measurement System is operating properly and this check is complete. If the
system did not operate as indicated, go to step 17.

Disconnect the Noise Figure Test Set from the Noise Figure Meter’s SIB connector.

If the Operator’s Checks for the Noise Figure Meter have not been performed,
perform the Operator’s Checks for the Noise Figure Meter; a check for the System
Local Oscillator is included. The Operator’s Checks begin at paragraph 3-10, in
this manual. If the Noise Figure Meter and System Local Oscillator are found to be
operating properly, go to step 19. If either of the instruments is not operating
properly, refer to the appropriate service.manual.

With both the Noise Figure Meter and System Local Oscillator operating properly,
the following check should be completed before itis assumed that the Noise Figure
Test Set is not operating properly.

Disconnect all instruments from the Noise Figure Meter’s HP-IB and SIB
connectors. This test will verify that both buses are operating properly.

Press 45.2 SPECIAL FUNCTION and 46.1 SPECIAL FUNCTION.

Turn the Noise Figure Meter off and then back on. When “Fr CAL” is gone from the
Noise Figure Meter’s display, connect the SIB connector to the HP-IB connector.

Press 98.1 SPECIAL FUNCTION; “SIB tESt” is displayed and there is a five
second delay before the test begins. The results of the test will be displayed on the
front panel using one of the error codes listed in the table below. The tests are
performed as listed in the table. The first failure will abort the test.

If an error is not encountered, the HP-IB and the SIB are operating properly. It is
safe to assume that the Noise Figure Test Set is the instrument that is causing the
Noise Figure Measurement System problem. Refer to the Noise Figure Test Set
service manual for troubleshooting assistance.

Remove the cable connecting the HP-IB and SIB connectors. Turn the Noise Figure
Meter off and then back to on.

Press 45.1 SPECIAL FUNCTION and 46.0 SPECIAL FUNCTION.
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Procedure
(cont'd) Error Gode Description of Error Code Corrective Action
E00 No Errors
E75 A14U28, the interface hardware or the traces to Try another HP-IB cable;
A14U28 are bad. refer to Service'
E74 A14U02 or the interface hardware to A14U2 is bad. Try another HP-IB cable;
The interface hardware to A141J28 is good. refer to Service’
E01 May be caused by the following: REN or ATN line Try another HP-IB cabie;
has failed, REN and/or ATN line drivers are bad refer to Service!
or cable connecting the HP-IB and SIB connectors .
is defective.
E02 Data path has been broken. Try another HP-1B cable;
refer to Service'
E03 System Interface Bus could not send a message to Try another HP-IB cable;
the Hewlett-Packard Interface Bus. refer to Service
E04 SRQ not being set by A14U28 or not being detected | Try another HP-IB cable;
by A14U2, refer to Service'
E05 System Interface Bus could not serial poll Try another HP-IB cable;
Hewlett-Packard Interface Bus. refer to Service!
F06 Collision detect circuit not functioning. Try another HP-IB cable;
refer to Service!
E07 Hewlett-Packard Interface Bus could not address Try another HP-IB cable;
System Interface Bus. refer to Service'
E08 Hewlett-Packard Interface Bus could not send a Try another HP-IB cable;
message to the System Interface Bus. refer to Service'

!Service is in Section VIII of the Service Manual. The part number of the Service Manual is on the title page of

this manual.
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3-14. REMOTE OPERATION (LEE)

The Noise Figure Meter can be operated through
the Hewlett-Packard Interface Bus (HP-IB). Bus
compatibility, programming and data formats are
described in the following paragraphs.

The Noise Figure Meter can operate in two mutu-
ally exclusive modes on the HP-IB:

1. Normal Talker/Listener Mode. This mode is
used when the Noise Figure Meter is under the
control of an HP-IB compatible computer or
controller.

2. Talk Only Mode. Thié mode 1s used to output

data to a device thatis operating in the Listen
Only Mode.

Most front panel functions, special functions
and remote-only functions are programmable via
HP-IB. Table 3-4 lists the functions that cannot be
programmed via HP-IB.

A quick test of the Noise Figure Meter’s HP-IB
interface is described earlier in this section under
Remote Operator’s Checks. These checks verify
that the Noise Figure Meter can respond to or send

each of the applicable bus messages described in
Table 3-3.

3-15. HP-IB Compatibility

The Noise Figure Meter has an open-collector,
TTL, HP-IB interface which can be used with any
HP-IB computing controller or computer for auto-
matic system applications. The Noise Figure Meter
is programmable via the HP Interface Bus. Its
programming capability is described by the twelve
HP-IB messages listed in Table 3-3. The Noise
Figure Meter’s compatibility with HP-IBis further
defined by the following list of interface functions:
SH1, AH1, T5, TEO, L4, LEO, SR1, RL1,PP0,DC1,
DT1, CO, and E1. A more detailed explanation of
these compatibility codes can be found in JEEE
Standard 488-1978 (and theidentical ANSI Stand-
ard MC1.1). For more information about HP-IB,
refer to the Hewlett-Packard Electronic Instru-
ments and Systems catalog and the booklet titled
“Improving Measurements in Engineering and
Manufacturing” (HP part number 5952-0058).

3-16. Remote Mode

Remote Capability. The Noise Figure Meter com-
municates on the bus in both remote and local
modes. In remote, most of the Noise Figure Meter’s
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front panel controls are disabled (except for the
LINE switch and LOCAL key). However, front
panel displays remain active and valid. In remote,
the Noise Figure Meter can be addressed to talk or
listen. When addressed to listen, the Noise Figure
Meter can issue the Data and Status Byte mes-
sages. Whether addressed or not, the Noise Figure
Meter responds to the Clear (DCL), Local Lockout,
Clear Lockout/Set Local, and Abort messages. In
addition, the Noise Figure Meter can issue the
Require Service Message.

Local-to-Remote Mode Changes. The Noise Figure
Meter switches to remote operation upon receipt of
the Remote message. The Remote message has
two parts. They are:

a. Remote enable bus control line (REN) set
true.

b. Device listen address received once (while
REN is true).

When the Noise Figure Meter switches to remote,
the REMOTE annunciator on the front panel
turns on.

3-17. Local Mode

Local Capability. In local, the Noise Figure Meter’s
front panel controls are fully operational and the
instrument responds to the Remote message.
Whether addressed or not, the Noise Figure Meter
also responds to the Clear, Local Lockout, Clear
Lockout/Set Local, and the Abort messages. When
addressed to talk, the Noise Figure Meter can issue
Data messages and the Status Byte message, and
whether addressed or not, it can issue the Require
Service message.

Remote-to-Local Mode Changes. The Noise Figure
Meter always switches to local from remote when-
ever it receives the Local message (GTL) or the
Clear Lockout/Set Local message. (The Clear
Lockout/Set Local message sets the Remote En-
able control line [REN] false.) The Noise Figure
Meter can also be switched to local by pressing the
front panel LOCAL key (assuming Local Lockout
is not in effect).

3-18. Addressing

The Noise Figure Meter interprets the byte on the
eight HP-IB data lines as an address or a bus com-
mand if the bus is in the command mode. The
command modeis defined as attention control line
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Addressing (cont’d)

(ATN) true and interface clear control line (IFC)
false. Whenever the Noise Figure Meter is being
addressed (ifin local or remote), either the TALK or
LISTEN annunciator on the front panel turns on.

The Noise Figure Meter’s HP-IB addressis selected
by special function. To change the HP-IB address
ortodeterminethe present address setting, refer to
the discussion titled HP-IB and System Interface
Bus (SIB) Addresses in the Detailed Operating
Instructions at the end of this section.

Local Lockout. When a data transmission is inter-
rupted, which can happen by pressing the LOCAL
key toreturn the Noise Figure Meter to local mode,
the data could be lost. This would leave the Noise
Figure Meter in an unknown state. To prevent
this, a local lockout is recommended. Local lockout
disables the LOCAL key and allows return-to-
local only under program control.

NOTE

Return-to-local can also be accomplished
by turning the Noise Figure Meter’s
LINE switch to OFF, then back to ON.
Houwever, this technique has some disad-
vantages:

a. It defeats the purpose and advan-
tage of local lockout (that is, the system
controller will lose control of a system
element).

b. Thereareseveral HP-IB conditions
that reset to default states at turn-on.

3-19. Data Messages

The Noise Figure Meter communicates on the
interface bus primarily with data messages. Data
messages consist of one or more bytes sent over
the bus’ data lines when the bus is in the data

EXAMPLE 1: Typical Program String

HP 8970B

mode (attention control line[ATN]false). Unless it
is set to Talk Only, the Noise Figure Meter receives
data messages when addressed to listen. Virtually
all instrument operations available in local mode
can be performed in remote mode via data mes-
sages. The major exceptions are changing the
LINE switch setting, using the Talk Only capa-
bility, and changing the HP-IB address of the
Noise Figure Meter (refer to Table 3-4).

3-20. Receiving the Data Message

Depending on the status of Special Function 4, the
Noise Figure Meter can either talk only, or talk
and listen both (normal operation). The instru-
ment responds to Data messages when it is en-
abled to remote (REN control line true) and it is
addressed to listen. The instrument remains
addressed to listen until it receives an Abort mes-
sage or until its talk address or a universal
unlisten command is sent by the controller.

Data input Format. The Data message string, or
program string, consists of a series of ASCII
codes. Each code is typically equivalent to a front
panel keystroke in local mode. Thus, for a given
operation, the program string syntax in remote
mode is the same as the keystroke sequence in
local mode. Example 1 shows a typical program
string.

Program Codes. All of the HP-IB codes normally
used by the operator to control the Noise Figure
Meter are given in Tables 3-8, 3-9, and 3-10. Table
3-8 provides an HP-IB code to parameter sum-
mary. Table 3-9 provides a special function to HP-
IB code summary. Table 3-10 provides a front
panel key to HP-IB code summary. All front panel
keys except LOCAL have corresponding program
codes. Some functions have an additional code
which terminates the numeric data entry in Hz
rather than MHz as indicated on the front panel.

Controller Talk
Noise Figure Meter

FAT00MZFB150MZSS1MZCA

Start Frequency Set to
100 MHz

Stop Frequency Set to

150 MHz

Calibrate

Step Size set to 1 MHz
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Table 3-3. Message Reference Table {1 of 2)
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HP-B . Related Commands Interface
Message Applicable Hesponse and Controls Functions*
Data Yes Most Noise Figure Meter operations are bus pro- AH1, SH1,
grammable. All measurement results, special dis- T5, TEO,
plays, and error outputs are available to the bus. 14, LEO
Trigger Yes If in remote and addressed to listen, the Noise GET DM
Figure Meter makes a measurement according to
previously programmed setup. It responds equally
to bus command GET and program code T2,
Trigger Execute (a Data message).
Clear Yes The Noise Figure Meter is set to the same condi- DCL DC1
tions established by pressing PRESET. Refer to SDC
Table 3-6.
Remote Yes Remote mode is enabled when the REN bus con- REN RL1
trol line is true. However, remote mode is ntot
entered until the first time the Noise Figure Meter
is addressed to listen. The front panel REMOTE
annunciator lights when the instrument is actu-
ally in the remote mode. When entering the remote
mode, no instrument settings or functions are
changed, but all front panel keys except LOCAL
are disabled.
Local Yes The Noise Figure Meter returns to local mode GTL RL1
(front panel control). It responds equally to the
GTL bus command and the front panel LOCAL
key. When entering the local mode, no instrument
settings or functions are changed.
Local Yes Disables all front panel keys including LOCAL. LLO RL1
Lockout Only the controller can return the Noise Figure
Meter to local (front panel control).
Clear Yes The Noise Figure Meter returns to local (front REN RL1
Lockout/ panel control) and local lockout is cleared when
Set Local the REN bus control line goes false. When enter-
ing local mode, no instrument settings or func-
tions are changed.
Pass No The Noise Figure Meter cannot pass or take Co
Control/ control of HP-IB.
Take
Control
* Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your
controller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column.
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Table 3-3. Message Reference Table (2 of 2)

HP-1B . Related Commands Interface
Message Applicable Response and Controls Functions*

Require Yes The Noise Figure Meter sets the SRQ bus control SRQ SR1
Service line true if an invalid program code is received
(unless disabled). The following conditions also
set SRQ true when they occur if they are enabled
by the operator to do so: Data Ready, Noise Figure
Meter Calibration Complete, SRQ on the System
Interface Bus, Noise Figure Meter received control
of the System Interface Bus, Instrument Error has
occurred and Extended Status Byte enabled condi-
tions are active.

Status Byte Yes The Noise Figure Meter responds to a Serial Poll SPE TES
Enable (SPE) bus command by sending an 8-bit SPD TEO
byte when addressed to talk. If the instrument is
holding the SRQ control line true (issuing the
Require Service message) bit 6 (RQS bit) in the
Status Byte and the bit representing the condition
causing the Require Service message to be issued
will both be true. The bits in the Status Byte are
latched but can be cleared by:

1. removing the causing condition, and

2. reading the Status Byte or

3. by sending the program code OS (output status)

or RS (reset status).

Status Bit No The Noise Figure Meter does not respond to a PPO
parallel poll.

Abort Yes The Noise Figure Meter stops talking and IFC T5
listening. TEO

* Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your
controller’s manual describes programming in terms of the twelve HP-IB Messages shown in the left column.

Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1.1is: SH1, AH1, T5, TEOQ, L4, LEO, SR1,
RL1, PPO, DT1, CO and E1. :

Table 3-4. Functions Not Programmable Via HP-1B

Function Description
Control Function Selection (Special Function 4) Normal Talker and Listener
Talk Only
HP-1B Addresses (Special Function 40.0) Display and Enter Noise Figure Meter Address
LINE Switch Turns instrument ON and OFF.
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Receiving the Data Message (cont’d)

Where more than one code is given for a function,
either code will serve equally. However, the mne-
monic code given is recommended since it is shor-
ter and more closely represents the function se-
lected. Also, the mnemonic code will make deci-
phering program code strings easier. The first
codes given are the codes used in all programming
examples in this manual.

The Noise Figure Meter’s response to the ASCII
character set is as follows:

a. The ASCII characters used for the program
codes are the alphabet (A through Z), the numbers
0 through 9, the period (.), and the minus ).

b. Lower case letters are treated the same as
upper case letters.

c. All other characters are ignored (however,
they can not be used as the second character of a
two-character HP-IB program code). If any of
these other characters are used as a second char-
acter or if an undefined combination of valid
characters is sent, SRQ is set if the HP-IB error
condition has been enabled.

Turning Off Functions. When operating in local
mode, CALIBRATE, and SINGLE and AUTO
Sweep toggle on and off with successive key-
strokes. In remote mode, these functions do not
toggle on and off. Instead, both require that the
HP-IB code WO be used to turn off the function.

Programming Numeric Data. When programming
tuned frequency or issuing any numeric data
(other than specific HP-IB codes) to the Noise Fig-
ure Meter, certain precautions should be observed.
Numeric data may consist of up to five digits, one
decimal point, and a one-digit signed exponent.

Triggering Measurements with the Data Message. A
feature that is available from both the front panel
and via remote programming is the selection of
free run, standby, or triggered operation of the
Noise Figure Meter. The HP-IB codes and related
Special Functions are discussed in detail in the
Trigger Selection Detailed Operating Instruction
later in this section.

3-21. Sending The Data Message

Depending on how the control functions are set,
the Noise Figure Meter can either talk only, or talk
and listen both (normal operation). If set to both
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talk and listen, the instrument sends Data mes-
sages when addressed to talk. The instrument
then remains configured to talk until it is unad-
dressed to talk by the controller. To unaddress the
Noise Figure Meter, the controller must send either
an Abort message, a new talk address, or a uni-
versal untalk command.

Talk Only Mode. If the Noise Figure Meter’s Talk
address is valid and Special Function 4.2 is se-
lected, the Noise Figure Meter is placed in the Talk
Only mode. In this mode the instrument is config-
ured to send Data messages whenever thebusisin
the data mode. Each time the measurement is
completed, the measurement result will be output
to the bus unless the listening device is not ready
for data. If the listener is not ready for data,
another measurement cycle is executed.

Data Output Format. As shown below, the output
data is always formatted as a real constant: first
the sign, then five digits (leading zeros not sup-
pressed) followed by the letter E and a signed
power-of-ten multiplier. The string is terminated
by a carriage return (CR) and a line feed (LF),
string positions 11 and 12. Data is always output
in fundamental units (thatis Hz, dB, etc.), and the
decimal point (not sent) is assumed to be to the
right of the fifth digit of the mantissa. Data values
never exceed 1 x 10°. The one exception to this
format is the voltmeter mode as shown in Table
3-5, HP-IB Data Output Summary.

The general data output format is as follows:
tDDDDDE+NNCRLF

T_ Line Feed

Carriage Return
Exponent Magnitude

Signed Mantissa
Indicates Exponent Follows
Exponent Sign

A summary of the different data outputs is listed
in Table 3-5.

When an error is output to the bus, it follows the
same 12-byte format described above except most of
the numeric digits have predetermined values as
shown below. Error outputs always exceed 90 000
000 000. The two-digit error code is represented by
the last two digits of the five-digit mantissa. The
error code can be derived from the string by sub-
tracting 9 x 10'°, then dividing the result by
1 000 000.
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Sending the Data Message (cont’d)

Table 3-5. HP-IB Data Output Summary

Front Panel HP-1B Output Conditions
Display! Format
Left Display | +DDDDDE-+06 | Frequency
+#DDDDDEANN| Data other than
frequency
+90000E+06 Display is blank
INSERTION | ZDDDDDEXNN| Gain or Calibra-
GAIN? tion data
(GmKBm) is
displayed.
+90000E+06 Display is blank
NOISE . +DDDDDEENN| Normal display
FIGURE? or second stage
temperature
+DDDDDDE—05| Voltmeter mode
+900DDE+06 Error codes
where DD is the
error code)
+980000E+06 Data not ready.
Sent when the
instrument
receives a read
command while
“- . ” is dis-
played in Trig-
ger Hold mode.
Also sent when
display is blank.
! The HP-IB data output for mode HOis NOISE FIGURE CR/LF. The
HP-IB data output for mode H1 or H2 is Left Display, INSERTION
GAIN, NOISE FIGURE CR/LF, EOI is set each time LF is sent.
2 The HP-IB output has one more digit of resolution than the front
panel display (except for the voltmeter mode which has two more
digits of resolution than the front panel NOISE FIGURE display).

Error Output Format:

+90DDDE+O06CRLF

T _[__Line Feed

Carriage Return

Error Code

The Noise Figure Meter will output special HP-IB
codes, for the NOISE FIGURE window, when a
read of the Noise Figure Meter is attempted during
the following operations: ENR editing, ENR cata-
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log, Noise Figure Test Set Coarse or Fine Tuning
Calibration. The special HP-IB codes are given
below:

ENR Editing
+80TNNE+06

Fixed Data | ‘ _l: Fixed Exponent
ENR Table Number ENR Table Entry Number

ENR Catalog
+80TNNE+06
Fixed Data l _l: Fixed Exponent
ENR Table Number Total Number of Entries

in the Table

Noise Figure Test Set
Fine Tuning Calibration

+B80363E+06

Fixed Data _:l_ __E_

Special Function number
for a Fine Tuning Calibration

Fixed Exponent

Noise Figure Test Set
Coarse Tuning Calibration

+80640E+06

Fixed Data :l— —|:Fixed Exponent

Special Function number 4
for a Coarse Tuning Calibration

One purpose for these special codes would be to read
back from the Noise Figure Meter until the codes
stop being sent, which would mean the task is
complete. This would be useful when doing a coarse
or fine tune calibration.

Timeouts should not be used with these special
codes. If a timeoutis used, it should be atleast sixty
seconds. This is necessary because it may take the
Noise Figure Meter many seconds to set up the
special code for output. This is the case for coarse
and fine tune calibration.

3-22. Receiving the Clear Message

The Noise Figure Meter responds to the Clear mes-
sage by assuming the settings detailed in Table 3-6.
The Noise Figure Meter responds equally to the
Selected Device Clear (SDC) bus command when
addressed to listen, and the Device Clear (DCL) bus
command whether addressed or not. The Clear
message clears any pending Require Service mes-
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Table 3-6. Response to a Clear Message for Pressing PRESET] (1 of 2]

Parameter Gondition
START FREQ 10 MHz
STOP FREQ 1600 MHz
STEP SIZE 20 MHz
SWEEP Off
FREQUENCY 30 MHz
FREQ INCR 20 MHz
SMOOTHING 1
CALIBRATE Off
MEASUREMENT UNCORRECTED NOISE FIGURE
SPECIAL FUNCTION NOTE
Most Special Functions are set to their zero suffix state (for exam-
ple, Measurement Mode Selection is set to 1.0). Some are turned off
(for example, Power Measurements). The following four Special
Functions are not affected by either the Clear message or by press-
ing PRESET. These four Special Functions are affected by Special
Function 0.9. For the default values of these four Special Functions,
refer to Table 3-14, Special Function Summary, in the Special
Functions Detailed Operating Instruction.
a. Control Function Selection (Special Function 4).
b. HP-B Addresses (Special Function 40).
c. System LO Programs (Special Funtion 41).
d. System LO Commands (Special Function 42).
In addition, Service Request (Special Function 44) is set to enable
HP-IB Code Error (Special Function 44.3).
The following Special Functions are set to the indicated default
values:
IF (Special Function 3.0) 30 MHz
L.O Frequency (Special Function 3.1) 10000 MHz
Smoothing Factor (Special Function 13.2) 1
Spot ENR (Special Function 5.3) 152dB
Thot (Special Function 5.4) 9893K
Teold (Special Function 6) 296.5K
Oscilloscope Limits (Special Function 8)
Noise Figure Lower Limit 0
Noise Figure Upper Limit 8
Gain Lower Limit 0
Gain Upper Limit 40
Systemn LO Sideband Crossover 16 GHz

frequency; Measurement Modes 1.5
through 1.9 (Special Function 17.2)
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Table 3-6. Response to a Clear Message (or Pressing PRESET) (1 of 2)

Parameter

Condition

Noise Figure Measurement System
Internal IF (Special Function 19)

Loss Compensation (Special Function 34)

Before DUT 0dB
Temperature of Losses 0K
After DUT 0dB

Set Sequence (Special Function 35.2)

SSB2 IF 700 MHz

SSB3 IF 450 MHz

DBSIF 25 MHz
Plotter Functions (Special Function 25)

Noise Pen Number 1

Gain Pen Number 2

Plot Title

HP 8970B Noise Figure Meter

1 through 9

Receiving the Clear Message (cont'd)

sage and resets the Service Request Condition (Spe-
cial Function 44) such that the Require Service
message will be issued on HP-IB code errors only
(Special Function 44.3).

Refer to Table 3-14 in the Special Functions Detailed
Operating Instruction for a list of the Special Func-
tions that are turned off or not affected by the Clear
Message.

3-23. Receiving the Trigger Message

When in remote and addressed to listen, the Noise
Figure Meter responds to a Trigger message by
executing one measurement cycle. The Noise Fig-
ure Meter responds equally to a Trigger message
(the Group Execute Trigger bus command [GET))
and a Data message, program code T2 (execute a
measurement).

3-24. Receiving the Remote Message

The Remote message has two paris. First, the
remote enable bus control line (REN) is held true;
second, the device listen address is sent by the con-
troller. These two actions combine to place the
Noise Figure Meter in remote mode. Thus, the Noise
Figure Meter is enabled to go into remote when the
controller begins the Remote message, but it does
not actually switch to remote until addressed to
listen the first time. No instrument settings are
changed by the transition from local to remote.
When actually in remote, the Noise Figure Meter’s

3-40

front panel REMOTE annunciator lights. When
the Noise Figure Meter is being addressed (whether
in remote or local), its front panel LISTEN or TALK
annunciator turns on.

3-25. Receiving the Local Message

The Local message is the means by which the
controller sends the Go To Local (GTL) bus com-
mand. If addressed to listen, the Noise Figure
Meter returns to front panel control when it re-
ceives the Local message. If theinstrument wasin
local lockout when the Local message was re-
ceived, front panel control is returned, but lockout
is not cleared. Unless it receives the Clear Lock-
out/Set Local message, the Noise Figure Meter
will return to local lockout the next time it goes to
remote. No instrument settings are changed by
the transition from remote to local.

When the Noise Figure Meter goes to local mode,
the front panel REMOTE annunciator turns off.
However, when the Noise Figure Meter is being
addressed (whether in remote or local), its front
panel LISTEN or TALK annunciator lights.

If the Noise Figure Meter is not in local lockout
mode, pressing the front panel LOCAL key might
interrupt a Data message being sent to the instru-
ment, leaving the instrument in a state unknown
to the controller. This can be prevented by dis-
abling the Noise Figure Meter’s front panel keys
entirely, using the Local Lockout message.
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3-26. Receiving the Local Lockout Message

The Local Lockout message is the means by which
the controller sends the Local Lockout (LLO) bus
command. If in remote, the Noise Figure Meter
responds to the Local Lockout Message by dis-
abling the front panel LOCAL key. Thelocal lock-
out mode prevents loss of data or system control
due to someone accidentally pressing front panel
keys. If, while in local, the Noise Figure Meter is
enabled to remote (that is, REN is set true) and it
receives the Local Lockout message, it will switch
to remote mode with local lockout the first time itis
addressed to listen. When in local lockout, the
Noise Figure Meter can be returned to local only
by the controller (using the Local or Clear Lock-
out/Set Local messages) or by setting the LINE
switch to OFF and back to ON or by removing the
bus cable.

3.27. Receiving the Clear Lockout/Set Local
Message

The Clear Lockout/Set Local messageis the means
by which the controller sets the Remote Enable
(REN) bus control line false. The Noise Figure
Meter returns to local mode (full front panel con-
trol) when it receives the Clear Lockout/. Set Local
message. No instrument settings are changed by
the transition from remote with local lockout to
local. When the Noise Figure Meter goes to local
mode, the front panel REMOTE annunciator
turns off.

3-28. Receivihg the Pass Control Message

The Noise Figure Meter does not respond to the
Pass Control message because it does not have
this control capability.

3.29. Sending the Require Service Message

The Noise Figure Meter sends the Require Service
message by setting the Service Request (SRQ) bus
control line true. The instrument can send the
Require Service message in either local or remote
mode. The Require Service message is cleared
when a serial poll is executed by the controller or if
a Clear message is received by the Noise Figure
Meter. (During serial poll, the Require Service
message is cleared immediately before the Noise
Figure Meter places the Status Byte message on
the bus.) There are seven conditions that can be
enabled to cause the Require Service message to be
sent when they occur. All seven conditions are
described as follows:
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1. Data Ready: When the Noise Figure Meter is
ready to send any information except error
codes.

9. HP-IB Code Error: When the Noise Figure
Meter receives an invalid Data message. (Un-
less specifically disabled, this condition causes
a Require Service message to be sent.)

3. Instrument Error: When any operator error
(E10through E49, and E99) is displayed by the
Noise Figure Meter.

4. Calibration Complete: When a Noise Figure
Meter calibration cycle is complete.

5. System Interface Bus SRQ: When an instru-
ment on the System Interface Busisissuinga
Service Request (SRQ).

6. Received Control of the System Interface Bus:
When the Noise Figure Meter has taken con-
trol of the System Interface Bus.

7. Extended Status Byte: When one of the en-
abled bits on the Extended Status Byteis true.

3-30. Enabling the Service Request Condition

Use Special Function 44 (or the related Service
Request Condition HP-IB codes) to enable the
Noise Figure Meter to issue the Require Service
message on any of the conditions above. The Ser-
vice Request Condition Special Function is entered
from either the front panel or via the HP-IB. A
description of the Service Request Condition Spe-
cial Function and the procedure for enabling the
various conditions are given in the following
paragraphs:

NOTE

Each condition of the Status Byte can be
enabled separately or all the conditions
can be enabled at once (Special Func-
tion 44.7). Desired conditions of the
Extended Status Byte must be enabled
all at once (Special Function 44.9). If the
enabled conditions of the Status Byte
are changed, it is a good practice to first
disable the SRQ capability and then
enter the required enabled conditions.

A description of the Status Byte and
Extended Status Byte bits is found in
the HP-IB Syntax and Characteristics
Summary.
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Enabling the Service Request Condition (cont'd)

Table 3-7. Service Request Enabled Conditions Summary

HP-B Code | Special -
<D Fu':lction Description

Qo0 44,0 Disables the SRQ capability
(clears all enabled conditions)

Q1 44.1 Enable Data Ready

Q2 44.2 Enable Noise Figure Meter
Calibration Complete (not for
Zero Frequency or IF Calibration|

Q3 44.3 Enable HP-IB Code Erxror

Q4 444 Enable SRQ on the System
Interface Bus

Q5 45 Enable Noise Figure Meter
received control on the System
Interface Bus

Q6 446 Enable Instrument Error

RM 4.7 Set entire Status Byte Mask

Q8 44.8 Enable Extended Status Byte

RE 44.9 Set the Extended Status Byte
Mask

a. Send the HP-IB Code QO to clear all the
enabled conditions of the Status Byte. The enabled
conditions of the Extended Status Byte are not
cleared with Q0. The Extended Status Byte enabled
conditions are cleared with REOEN.

b. Each of the desired conditions of the Status
Byte may be set individually (Special Functions
44.1 through 44.6) or all the conditions may be set
at once (Special Function 44.7).

c. To set conditions individually, send the appli-
cable HP-IB Codes from Table 3-7. To set all the
desired conditions at once, send the total binary
weight of the bit positions desired. The command
sequence would be as follows: RM132EN.

RM is the HP-IB code for Special Function 44.7; 132
isthe total binary weight of bits 2 and 7 of the Status
Byte; EN is the HP-IB code for ENTER.

d. The conditions of the Extended Status Byte
can’t be enabled individually; the desired conditions
must be enabled with Special Function 44.9.
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e. To set the conditions of the Extended Status
Byte, send the total binary weight of the bit posi-
tions desired. The command sequence would be as
follows: RE36EN.

RE is the HP-IB code for Special Function 44.9; 361s
the total binary weight of bits 2 and 5 of the
Extended Status Byte; EN is the HP-IB code for
ENTER.

Normally, device subroutines for the Noise Figure
Meter can be implemented simply by triggering
measurements and then reading the output data.
In certain applications, the controller must per-
form other tasks while controlling the Noise Figure
Meter. Figure 3-12 illustrates a flow chart for

- developing device subroutines using the instru-

ment’s ability to issue the Require Service mes-
sage when dataisready. This subroutine structure
frees the controller to process other routines until
the Noise Figure Meter is ready with data.

3-31. Sending the Status Byte Message

Afterreceiving a Serial Poll Enable bus command
(SPE) and when addressed to talk, the Noise Figure
Meter sends a Status Byte message.

The Status Byte message consists of one 8-bit byte
in which 7 of the bits are set according to the
enabled conditions described above under Sending
the Require Service Message. If one or more of the .
seven conditions are enabled and present, all the
bits corresponding to the conditions and also bit 6,
the RQS bit, will be set true (and the Require Ser-
vice message is sent). If one of the above condi-
tions occurs but has not been enabled by Special
Function 44 or the HP-IB codes, neither the bit
corresponding to the condition nor the RQS bit
will be set (and the Require Service message will
not be sent). The bit pattern of the Status Byte is
shown in the HP-IB Syntax and Characteristics
Summary.

Extended Status Byte. A second status byteis avail-
ablebut can only be accessed via the OQutput Status
function (refer to the following paragraph for an
explanation of the OQutput Status function). Bit 7 of
the Status Byte indicates that an enabled condition
on the Extended Status Byteis true. If Bit 7 is true,
the second status byte should be accessed via the
Output Status function to determine what caused
Bit 7 to become true. The bit pattern can be inter-
preted with the information in the HP-IB Syntax
and Characteristics Summary.
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Sending the Status Byte Message (cont'd)

Output Status Function. After receiving the program
code OS (Output Status) and when addressed to
talk, the Noise Figure Meter sends two binary bytes,
each 8 bits wide. The first byte is identical to the
Status Byte of the Serial Poll. The second byteis the
Extended Status Byte which provides additional
information. Refer to the HP-IB Syntax and Char-
acteristics Summary for a description of each Status
Byte. Bits in the main Status Byte and Extended
Status Byte are cleared upon execution of the Out-
put Status (OS) or Reset Status (RS) program code.

Operation

3-32. Clearing the Status Byte

Once the Noise Figure Meter receives the serial poll
enable bus command (SPE), itis no longer allowed
to clear the Status Byte. However, it can add addi-
tional bits to the status byte if the bit has been
enabled and the condition occurs.

After the Status Byte message has been sent it
will be cleared if the Serial Poll Disabled (SPD)
bus command is received, if the Abort message
is received, or if the Noise Figure Meter is unad-
dressed to talk. Nonvolatile error messages are

‘ START HP 89708)

SET TRIGGER
SELECTION TO HOLD
(HP-IB CODE T1)

!

‘ INTERRUPT ON SR[’D

Y

READ STATUS BYTE
FROM HP 89708

!

PROCESS OTHER
ROUTINES UNTIL
SRO CAUSES INTERRUPT

NO
ENABLE SRO ON 0 OTHER INSTRUMENT SRO FROM
DATA READY SERVICE ROUTINES HP 8878B
(HP-18 CODE O1)
‘ YES
CONF 1GURE ND
MEASUREMENT TEST OTHER HP B970B HP 89708
SRO CONDITIONS SRQ DUE TO DATA
‘ READY?
YES
TRIGEER MEASUREMENT
(HP~IB CODE T2)
READ DATA

FROM HP 8972B

¥
( RETURN )

Figure 3-14. Example Flow Chart for Driving the Noise Figure Meter Using
the Require Service Message (SRQ)
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Clearing the Status Byte (cont’d)

also cleared when the Status Byte messageis sent.
Thus, some error messages that may have caused
the Require Service Message to be issued disap-
pear when a serial poll is performed. Refer to the
Error Messages and Recovery Detailed Operating
Instructions for a listing of volatile and nonvola-
tile errors. Regardless of whether or not the Status
Byte message has been sent, the Status Byte and
any Require Service message pending will be
cleared if a Clear message is received.
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3-33. Sending the Status Bit Message

The Noise Figure Meter does not respond to a
Parallel Poll Enable (PPE) bus command and thus
cannot send the Status Bit message.

3-34. Receiving the Abort Message

The Abort messageis the means by which the con-
troller sets the Interface Clear (IFC) bus control
line true. When the Abort message is received, the
Noise Figure Meter becomes unaddressed and
stops talking or listening.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY

Address:
Selected and displayed on front panel using Special Function 44.0, Noise Figure Meter HP-IB Address.
Factory set to 8 decimal.

Numeric Data Input Format (Except in Voltmeter mode):*
+DDDDDE+NN

5-Digit Signed Mantissa —E_ Exponent Magnitude
(Ieading decimal not allowed) Exponent Slgn

Indicates Exponent Follows

Output Formats: (Except in Voltmeter mode).*

HP-IB code HO (43.0 SP): :DDDDDE:NNCRLF
HP-IB code H1 (43.1 SP): :DDDDDE:NN, :+DDDDDE:NN, :DDDDDE+ NNCRLF
and H2 (432 SP)

Signed Mantissa
indicates Exponent Follows

Exponent Sign
Exponent Magnitude
Carriage Return
Line Feed
Errors: +90DDDE+06CRLF
Line Feed
" Error Code Carriage Return

Special HP-IB error codes (used for ENR Editing, ENR Catalog and Noise Figure Test Set Coarse and
Fine Tuning Calibration):

ENR Editing or Catalog: +80TNNE+06

Fixed Dataj_ l l —E Fixed Exponent
ENR Table Number ENR Table Entry Number or Total
Number of Entries in the Table

Noise Figure Test Set
Coarse or Fine Tuning Calibration: +80NNNE+06

Fixed Data j— —EFixed Exponent

Spegial Function for a
Coarse or Fine Tuning
Calibration

Reserved Number (used for the “————" special display or a blank display):
+90000E+06CRLF

Reserved Number (used for the “——", overflow in measurement or measured noise figure > 32 dB):
+S0099E+06CRLF

Retumn to Local:
Front panel LOCAL key if not locked out.

* For information on the Volimeter mode refer to Section VII. Section VIII is in the Service Manual. The part number of the Service Manual is on the
title page of this manual.
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L HP-15 g

HP-1B SYNTAX AND CHARACTERISTICS SUMMARY (cont’d)
Status Byte:

Bit 1 6 ) 4 3 2 1 0
Weight 128 64 32 16 8 4 2 i
Service Extended RQS Bit | Instrument | Received | SRQon | HP-IB | Noise Figure | Data
Reguest Status Require Error Control System Code Meter Ready
Condition Byte Service on SIB Interface | Error Calibration
Bus Complete

Notes 1. The condition indicated in bits 0—5 and 7 must be enabled to cause a Service Reguest by Special Function 44. Each condition can be
enabled separately or all conditions can be enabled at once, using Special Function 44.7.

2. The RQS bit (bit 6) is set true whenever any of the conditions of bits 0—5 and 7 are enabled and occur.
3. For bit 7 to be enabled, both the Extended Status Byte mask and Special Function 44.8 must be enabled.

Extended Status Byte:

Bit 7 6 5 4 3 2 1 0
Weight 128 64 32 16 8 4 2 1
Service 0 Power On Plot Fine Coarse Noise Noise Noise
Request | (always) Cycle Completed Tuning Tuning Figure Figure Figure
Condition Calibration | Calibration | Test Set Test Set Test Set
Completed | Completed | needs needs needs

Coarse | Fine Tuning | Fine Tuning
Tuning | at Current Calibration
Frequency (Special
Funetion
36.3)

Notes 1. Theconditionsindicated in bits 0 through 6 must be enabled to cause a Service Request, by Special Function 44.9. Special Function 44.9
enables all the conditions desired at once. The procedure is to press 44.9 SPECIAL FUNCTION, enter the total binary weights of the
conditions desired and press ENTER.

2. Special Function 44.8 must also be used to enable bit 7, in the status byte, to generate an SRQ.

Complete HP-IB capability as defined in IEEE Std 488-1978, and ANSI Std MC1.11is: SH1, AH1, T5, TEO, L4, LEQ,
SR1, RL1, PPO, DC1, DT1, CO, E1.
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Remote HP-IB
Operation

In a noise figure meadurement system the Test Set is normally controlled through
the System Interface Bus (SIB).

The Test Set can also be operated through the Hewlett-Packard Interface Bus
(HP-1B). HP-IB compatibility, programming and data formats are described in
the following paragraphs.

All functions except the LINE switch are programmable via HP-1B.

A quick test of the Test Set’s HP-IB interface is described in this section
under HP-1B Checks. These checks verify that the Test Set can respond to or
send each of the applicable bus messages described in Table 3-2.

3-10. HP-IB Program Codes

Table 3-1, Programming Quick Reference Guide, lists the most common
programming codes for programming the Test Set with a controller, and
defines the bits of the status byte.

3-11. HP-IB Compatibility

The Test Set’s programming capability is described by the twelve HP-IB messages listed
in Table 3-2. The Test Set’s compatibility with HP-IB is further defined by the following
list of interfaces: SH1, AH1, T6, TEO, L3, LEO, SR1, RL1,PP1, DC1, DT1, and CO. A
more detailed explanation of these compatibility codes can be found in IEEE Standard 488-
1978 and the identical ANSI Standard MC1.1.

3.12. flemote Mode

Remote Capability. The Test Set communicates on the bus in both remote
and local modes. In remote, the Test Set can be addressed to talk or listen.
When addressed to listen, the Test Set automatically stops talking

and pb responds to the the following messages: Data. Clear (SDC), Remote,
Local. and Abort. When addressed to talk. the Test Set automatically stops
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listening and sends any message that has previously been requested. Whether
addressed or not, the Test Set responds to the Clear (DCL) and Abort
messages.
Local-to-Remote Mode Changes. The Test Set switches to remote operation
upon receipt of the Remote message. The Remote message has two parts.
They are:

a. Remote enable bus control line (REN) set true.

b. Device listen address received once (while REN is true).

When the Test Set switches to remote, the REMOTE annunciator on the
front panel turns on.

Table 3-7.1. Programming Quick Reference Guide

BDx

Sets all switches to Band x configuration. X can be a value for 1 - 4. Bands
are defined as follows:

Band 1,SSBI (10-1600 MHz, 10-1600 MHz IF)
Band 2, SSB2 (1601-2400 MHz, 700 MHz IF)

Band 3, SSB3 (2401-18000/26500 MHz, 450 MHz IF)
Band 4, DSB  (2401-18000/26500 MHz, 25 MHz IF)

DN

Steps Y1G-tuned filter frequency down by increment set with FN.
This sets the frequency of the Y1G-tuned filter needed for single-sideband
measurements in SSB3.

FN value

Sets Y1G-tuned filter step frequency in 1 MHz increments. This value is
used with either the UP or DN step functions. The value should be ter-
minated by using the carriage return and line feed. You may optionally use
MZ to terminate, but all values entered are taken to be in MHz regardless
of whether you use MZ to terminate or not.

FR value

Sets YIG-tuned filter frequency to the specified value in MH, where the value is
in the range of 2400 to 18000/26500. The value should be terminated by a
carriage return and line feed. You may optionally use MZ to terminate, but all
values entered are taken to be in MHz regardless of whether you use MZ to
terminate or not.
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Table 3-7.1. Programming Quick Reference Guide (Cont.)

ST Requests status message from the Test Set. The status message will be in the
following format; "BDx FRnnnnnMZ", where x in "BDx" is an ASCII value, |
- 4 representing BD1 through BD4, and "FRnnnnnMZ" is the frequency of
the YIG-tuned Filter (2400 to 18000/26500 MHz).

upP Steps Y1G-tuned filter frequency up by increment set with FN.
*CLS Clears Status Registers. The event status register and the status register are
cleared.
Requests status message showing the software revision date. Outputs the in-
*IDN? strument identification in the following format: "HEWLETT

PACKARD,8971B,0,YYWW"/"HEWLETT-PACKARD,8971C,0,YYWW".
The YY is the year minus 60, and the WW is the week of the year of the software
revision.

*RST Resets the Test Set. The output message is cleared, and the HP-1B input
parser is reset. Resets internal variables, including the heater control and

post tuning drift correction loops. The HP 8971B/C is returned to SSB1 with:
the YIG set to 2401 MHz.

rr )
. Bit Number 7 6 5 4 3 2 1 0
Bit Value 128 64 32 16 8 4 2 1
Function Not Request Event Message YIG Last Last Last
Used Service Status Avail-  Temp. Fre- Fre- Fre-
(RQS) Regis- able Not quency quency quenc
ter (MAV) Locked was Set Set
(ESB) interpo- From From
lated Coarse EPROM
. Tune Table
| Table

Status Byte
Bit 0: A frequency set command has come from the EPROM tables.
Bit 1: A frequency set command has come from the coarse tuning table.

Bit 2: A frequency set command used a point from the tuning tables that
was interpolated
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Bit 3: The HP 8971B/C YIG temperature loop has gone out to lock. This bit
indicates that a RH command is needed to reset the temperature loop, or that
the ambient air temperature should return to within 5 degrees centigrade of
the point at which the last RH was issued, It is normal for the YIG
temperature to take 15 minutes to lock after a power on.

Bit 4: The message Available Bit is set when the HP 8971B/C has a message that
can be read over HP-IB.

Bit 5: The Event Status Register Bit is set when corresponding bits in the
Event Status Enable Register and the Event Status Register are set to 1.

Bit 6: The Request Service Bit is set when corresponding bits in the Service
Request Enable Register and the Status Byte are set to 1.

Bit 7: Not used.

3-13. Local Mode

Local Capability. In the local mode, the front panel REMOTE annunciator
is of . However, even in local, the Test Set can send a Require Service
message or a Status Byte message.

Remote-to-Local Mode Changes. The Test Set switches to local from remote
whenever it receives a Local (GTL) or Clear Lockout/Set Local message.
(The Clear Lockout/Set Local message sets the Remote Enable control line
[REN] false.) The Test Set can also be switched to local by turning the LINE
switch to OFF, and then to ON.

With the Remote-to-Local transition, the REMOTE annunciator turns of f.
However, when the Test Set is being addressed (whether in remote or local),
its LISTEN or TALK annunciator is on.

3-14. Addressing

When the Remote Enable line (REN) and the Attention control line (ATN)
are true and the Interface Clear control line (IFC) is false, the Test Set
interprets the byte on the eight HP-IB data lines as an address or a command.
When addressed, either the TALK or LISTEN annunciator is on.

3-15. Data Messages

The Test Set communicates on the interface bus primarily with Data
messages. Data messages consist of one or more bytes sent over the bus’ data
lines when the bus is in the data mode (attention control line [ATN] false).
The Test Set receives Data messages when addressed to listen.
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3-16. Receiving Data Messages

The Test Set responds to Data messages when it is enabled to remote (REN
control line true) and addressed to listen. The instrument remains addressed
to listen until it receives an Abort message or until its talk address or a
universal unlisten command is sent by the controller.

A data message is a string of two or more ASCII characters.

A summary of the most common programming codes and arguments is given
in Table 3-1. Some programming examples are given in HP-IB Checks.

3.17. Receiving the Clear Message
The Test Set responds to the Clear message as follows:

1. Clears output message

2. Resets the HP-IB input parser.
It does not clear the status byte, and does not affect instrument state.
The message can take two forms: Selected Device Clear which the Test Set
responds to only when addressed to listen, and Device Clear, which it
responds to whether addressed or not. The Device Clear message does not

affect addressing. while the Selected Device Clear message leaves the Test Set
addressed to listen.

3-18. Receiving the Trigger Message

The Test Set does not respond to the Trigger message.

3-19. Receiving the Remote Message

The Remote message has two parts. First, the remote enable bus control line
(REN) is held true; second, the device listen address is sent by the controller.
These two actions combine to place the Test Set in remote mode. Thus. the
Test Set is enabled to go into remote when the controller sets REN true, but
it does not actually switch to remote until addressed to listen the first time.
When actually in remote, the Test Set’s front panel REMOTE annunciator
lights.
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3-20. Receiving the Local Message

The Local message sets the Remote Enable bus control line (REN) false. The
Test Set returns to front panel control when it receives the Local message.

When the Test Set goes to local mode, the front panet REMOTE annunciator
turns of f. However, even in local, the Test Set can send the status byte.

3-21. Receiving the Local Lockout Message

The Test Set receives but ignores the the Local Lockout message, since there
are no front panel controls and no Local key.

3-22. Receiving the Clear Lockout/Set Local Message

The Clear Lockout/Set Local message sets the Remote Enable (REN) bus
control line false. The Test Set returns to local mode when it receives the
Clear Lockout/Set Local message. When the Test Set goes to local mode, the
front panel REMOTE annunciator turns off.

3-23. Receiving the Pass Control Message

The Test Set does not respond to the Pass Control message.

3-24. Sending the Require Service Message

The Test Set sends a Require Service message if the Service Request Enable
Mask has been set to enable a a service request. This is accomplished by
setting Service Request Enable Mask bits to 1. The command "SRE value”,
configures the Service Request Mask using a binary equivalent of the value
entered. The value entered may be 0 through 255. Refer to Table 3-1 for
status byte functions that may be enabled for a Require Service message.

The Test Set sends the message by setting the Service Request (SRQ) bus line
true.

Once the Test Set is addressed to talk, the RQS bit is latched, even though
Test Set’s need for service may have changed.
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3-25. Sending the Status Byte Message

After receiving a Serial Poll Enable bus command (SPE) and when addressed
to talk, the Test Set sends a Status Byte message. The message consists of one
8-bit byte.

If the Test Set is holding the SRQ control line true (issuing the Require
Service message), the RQS bit and the bit representing the condition causing
the Require Service message to be issued will both be true. The bits in the
Status Byte are latched but can be cleared by removing the causing condition
and reading the Status Byte. For more inf’ ormation about the status byte,
refer to Table 3-1.

3-26. Sending the Status Bit Message

The Test Set does not send the Status Bit message. It does not respond to the
Parallel Poll Enable (PPE) bus command.

3-27. Receiving the Abort Message
The Abort message sets the Interface Clear (IFC) bus control line true. When

the Abort message is received, the Test Set becomes unaddressed and stops
talking or listening.
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HP 8971B

HP-IB
Message

Applicable

Response

Related
Command
and
Controls

Interface
Functions*

Data

All Test Set functions except the
LINE switch can be
programmed.

AH]I, SHI,
T6, TEO,
L4, LEO

Trigger

The Test Set does not respond to
the Group Execute Trigger
(GET) bus command.

DTO

Clear

Yes

Clears output message, resets
HP-IB input parser, does not
clear status byte, does not affect
instrument state.

' DCL
SDC

DCl

Remote

Yes

Remote mode is enabled when
the REN bus control line is true.
However, remote mode is not
entered until the first time the
Test Set is addressed to listen.
The front panel REMOTE an-
nunciator lights when the in-
strument is actually in the
remote mode. No instrument set-
tings are changed.

REN

RLI1

Local

Yes

The Test Set returns to local
mode. Howevet, there are no
front panel controls on the Test
Set.

GTL

RLI1

Local Lockout

The Test Set receives but ignores
the Local Lockout message,
since there are no front panel
controls.

REN

RL1

3-46.8




HP 8971B

Table 3-7.2, HP-1B Message Reference Table (Cont.)

HP-1B
Message

Applicable

Response

Related
Command
and
Controls

Interface
Functions®

Clear Lockout/Set
Local

Yes

The Test Set returns to local
when the REN bus control line
goes false.

REN

RL1

Pass Control/Take
Control

No

The Test Set has no controller
capabililty.

Cco

Require Service

Yes

If the SRQ mask is set, (see
Table 3-1 for a description of
*SRE), and if one of the follow-
ing conditions exists, then SRQ
will be true.

1) Last frequency from EPROM
Table.

2) Last frequency from coarse
table.

3) Last frequency was
interpolated.

4) YIG temperature not locked.
5) Message available.

6) Event status register condi-
tions active.

SRQ

SR1

Status Byte

Yes

The Test Set responds to a Serial
Poll Enable (SPE) bus command
by sending an 8-bit status byte
when addressed to talk. If the
Test Set is holding the SRQ con-
trol line true (issuing the Require
Service message), the RQS bit
and the bit representing the
condition causing the Require
Service message to be issued will
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Table 3-7.2. HP-IB Message Reference Table (Cont.) .
HP-I1B Applicable Response Related Interface
Message Command Functions®
and
Controls
both be true. The bits in the SPE, TS5

Status Byte are latched but can SPD
be cleared by removing the caus-
ing condition and reading the
Status Byte.

Status Bit No The Test Set does not respond to PP
a Paraliel Poll Enable (PPE) bus
command.

Abort Yes The Test Set stops talking and 1FC T6, TEO
listening. L4, LEO

*Control lines and Interface Functions are defined in IEEE Std 488-1978. .
Knowledge of these may not be necessary if your controller’s manual

describes programming in terms of the twelve HP-IB Messages shown in the

table above.

Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1.1
is:SH1,AH1, T5, TEO,L3, LEO, DT1, DC1, RL1, CO0, SRI1, and PP1.

Table 3-7.3. HP-IB Program Codes

Program Parameter
Code

AD value Take internal voltage reading on channel 0-7, return 1 byte resuit.
BD value Configure switches for frequency band 1 - 4
CAD value Take internal voltage reading on channel 0-7, return ASCH 0-255
CF value Add current DAC settings to fine tune table for this frequency
*CLS Clear the status byte and event status register
CS Save fine tune table into the coarse tune table (10,000 time limit)
CT Clears fine tuning table
DF Reports Post tuning drift factor
DH Disable automatic Y1G-tuned filter temperature control
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Table 3-7.3 . HP-IB Program Codes (Cont.)

Program Parameter
Code '
DN Step YIG-tuned filter frequency down by amount set with FN
DP Disable Y1G-tuned filter Post tuning drift compensation
DS Report Post tuning drift factor after FN,UP,DN
DY value Decrement Y1G-tuned filter DAC setting
EC Enable calibration save command. See "CS" command
EH Enable Y1G-tuned filter temperature control
EP Enable YIG-tuned filter Post tuning drift control
ERR? Qutput last device dependent error
*ESE Set Event Status Enable register
*ESE? Output Event Status Enable register
*ESR? Output Event Status Register
ETC value Set ET control register
ETL value Set ET LEDs on front panel
FN value Set YIG-tuned fiiter step frequency in 1 MHz increments
FR value Set YIG-tuned filter filter to specified frequency when in SSB3
HY Do hysteresis correction on YIG-tuned filter DAC and leave YIG at 0 MHz
*IDN? QOutputs instrument identification
IW value Inspect a word of memory at specified address
I'Y value Increment Y1G-tuned filter DAC setting
NwC Returns total number of times the CS command has been done
oC Output control loop status
. oD Output Scale and YIG-tuned filter DAC settings
: RH Resets YIG-tuned filter heater regulation set point
*RST Resets instrument
SA value Set ambient offset DAC to new value
SD Outputs instrument identification
SH value Set heater DAC to specified value
*SRE value Set the Service request enable register
*SRE? Output contents of Service Request Enable Register
SS value Set YIG-tuned filter Scale DAC to a value 0 - 4095
ST Returns instrument status
*STB? Returns the Status Byte but does not clear it
SY value Set main YIG-tuned filter DAC to a value 0 - 65535
up Steps YIG-tuned filter frequency up by setting set with FN
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Operation

| HP-1B 4

Table 3-8. Noise Figure Meter HP-1B Code to Parameter Summary (1 of 4)

HP-IB Code HP-IB Cade
D Parameter D Parameter
AC System LO Auxiliary Commands Input Gain Calibration
AD Sets the RAM address for modification/ Co 420, +10, and 0 dB
inspection or ROM address for inspection Cl +10, 0, and —10dB
and disables auto-increment mode C2 0, —10, and —20 dB
AF Enable Smoothing Factor C3 —10, —20, and —30 dB
Al Sets the RAM address for modification/ DA Disable auto sweep abort
inspection or ROM address for inspection DB dB
and enables auto-increment mode DC Disable Error 48 (E48)
DD Perform a Selective Device Clear of the
Output to Oscilloscope Pass Through Device on the System
A0 Noise Figure and Gain Interface Bus
Al Test Pattern DE DECREASE Smoothing
A2 Noise Figure Only DF Measurement frequency is shown in the
A3 Gain Only left display
A4 Plot Noise Figure (for X-Y Recorder) DG Interpolated measurements disabled
- Ab Plot Gain (for X-Y Recorder) above 1600 MHz in Modes 1.5 through 1.9
A6 X Axis is Noise Figure and Y Axis is Gain DI Input to Noise Figure Meter (Modes 1.0
(Strip Chart Mode) through 1.4) or Input to Noise Figure Test
A7 Enable recorder test Set (Modes 1.5 through 1.9) displayed
A8 Oscilloscope display cursor enabled DN | (Step down)
A9 Oscilloscope display cursor disabled DP Disable Auto Pass Control
BA All displays are blanked DS Perform a Device Clear on the System
BF Left display is blanked Interface Bus, if the Noise Figure Meter is
BO Double Sideband the Active Controller.
Bl Lower Single Sideband DT Enable Display Test
B2 Upper Single Sideband . .
B3 Signal Up Conversion Noise Source Temperature Units for
IF = Fgignal + FLO Data Input
B4 Noise Figure Test Set single sideband Do OK
operation; Modes 1.5 through 1.9 D1 OC
B5 Noise Figure Test Set double sideband D2 . F
operation; Modes 1.5 through 1.9 EA Display and Enter System LO SIB
CA | CALIBRATE Address L
CC Cold Calibration (Manual Measurement) EC ENR Table for Calibration .
CF Upper and lower sideband crossover EG Enable Interpolated Measurements in
frequency selection; Modes 1.5 through 1.9 Modes 1.5 through 1.9
CH Hot- Calibration (Manual Measurement) Noise Figure Meter YIG Filter Tuning
CI* Calibrate IF Attenuators* Functions
Cp Nmf;e F1gure Test Set Coarse Tuning EH Enable Hysteresis Calibration when
Ca.l.1brat..lon Frequency is Changed
CR Noise Figure Meter releases control of the EM ENR Table for Measurement
Sy.si';en.l Interfaf.ce Bus ' EN ENTER
CS | Initialize Special Functions EP | Enable Auto Pass Control
CT Noise Figure Meter takes control of the ER Recalls Last Error Issued
System Interface Bus
CU Selects Upper Frequency of Noise Figure Measurement Modes
Test Set E0 Mode 1.0
E1l Mode 1.1
* 1f code CI is used, the gain accuracy specification will be degraded from 0.15 dB to a typical value of 0.25 dB. For more information, refer to
“Calibration, IF Attenuators” Detailed Operating Instruction.
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Table 3-8. Noise Figure Meter HP-IB Code 10 Parameter Summary (2 of 4}

HP-IB Code HP-1B Code
D Parameter O Parameter
Measurement Modes (cont’d) Special Function Catalog (cont’d)
E2 Mode 1.2 G7 Line 7 Status
E3 Mode 1.3 G8 Line 8 Status
E4 Mode 1.4 HC Display and Enter Pass Control System
E5 Mode 1.5 Interface Bus Address
E6 Mode 1.6 HP Display and Enter Plotter System
E7 Mode 1.7 Interface Bus Address
E8 Mode 1.8 HS Display and Enter System Interface Bus
E9 Mode 1.9 Address
FA START FREQ HT Display and Enter Noise Figure Test Set
FB STOP FREQ System Interface Bus Address
FC Custom LO CW Prefix and Suffix - HZ Hz
FD Disable Noise Figure Test Set Fine
Tuning Calibration with Noise Figure HP-IB Data Output
Measurement System Calibration; HO NOISE FIGURE Display Only
warning (E28) when fine tune needed Hi1 Left, INSERTION GAIN, and NOISE
FF Noise Figure Test Set Fine Tuning FIGURE Displays
Calibration at the current Frequency H2 During Calibration the Frequency,
FN FREQ INCR Calibration Data (GKB) and Second
FR FREQUENCY Stage Temperature are output.
FT Noise Figure Test Set Fine Tuning IF IF (for Modes 1.1,1.3,1.6 and 1.8)
Calibration with Noise Figure Measure- IH IF Attenuator Hold
ment System Calibration; warning (E28) IN INCREASE Smoothing
when fine tune needed. IS Perform an Interface Clear on the System
FwW Disable Noise Figure Test Set Fine Interface Bus, if the Noise Figure Meter is
Tuning Calibration before Noise Figure the System Controller.
Measurement System Calibration and
disable Error 28 (£28 IF Attenuation Selection
Fo Smoothing Factor = 1 10 Auto
1 Smoothing Factor = 2 11 0dB
F2 Smoothing Factor = 4 ' 12 5dB
F3 Smoothing Factor = 8 I3 10dB
¥4 Smoothing Factor = 16 I4 15dB
F5 Smoothing Factor = 32 I5 20dB
F6 Smoothing Factor = 64 16 25dB
F7 Smoothing Factor = 128 I7 30dB
F8 Smoothing Factor = 256 I8 35dB
F9 Smoothing Factor = 512
GL Gain Lower Limit (for Oscilloscope) System LO Programs
GP Select Gain Pen Number 30 g 83503 Swwigscﬂlgtor .
: .. . 2 8671B/8672A Syn. Signal Generator
GU | Gain Upper Limit {for Oscilloscope) J3 HP 8673B/C/G Syn. Signal Generator
Special Function Catalog J4 HP 8340B Sweep Oscillator
GO Scan Catalog Lines J5 Custom Local Oscillator Program
Gl Line 1 Status
G2 Line 2 Status Keyboard Test
G3 Line 3 Status KY Display Key Codes
G4 Line 4 Status K1 Key Test — Row 1
G5 Line 5 Status K2 Key Test — Row 2
G6 Line 6 Status K3 Key Test — Row 3
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Table 3-8. Noise Figure Meter HP-18 Code to Parameter Summary (3 of 4)

HP-IB Code HP-1B Code
Parameter Parameter
L HP-15 4 L HP-IB J
Key Test (cont’d) Power Measurements
K4 Key Test — Row 4 Nb SOURCE Off (Uncal)
K5 Key Test — Row b N6 SOURCE On (Uncal)
Ké Key Test — Row 6 N7 SOURCE Off (Cal)
K7 Key Test — Row 7 N8§ SOURCE On (Cal)
K8 Key Test — Row 8 0S Output Both Status Bytes
LA Loss Compensation before DUT PA Plot Grid and Data
LB Loss Compensation after DUT PC Custom LO Power Prefix and Suffix
1D Disable System LO on System Inter- PD Plot Data Only
face Bus PF Perform Noise Figure Test Set Fine Tuning
LE Enable System LO on System Inter- Calibration
face Bus PG Plot Grid and Axes Labels
LF LO Frequency (for Modes 1.2, 1.4, 1.7 PI Plotter is on the System Interface Bus
and 1.9) PL System LO Power Level
IL Go to Lower Left (for X-Y Recorder) PM Plot Data read on HP-IB
LT Temperature of Losses PR PRESET
LO Loss Compensation Off PS System LO CW Prefix and Suffix
L1 Loss Compensation On PT Display and Enter the Address of the Pass
MB Selects Modification or Inspection of a Byte Through Device on the System Interface Bus
in RAM or Inspection of a Byte in ROM. PO Normal Display (fo return from displaying
MC Cold Manual Measurement manual measurement resulis)
MF Selects Modification or Inspection of a P1 Display Manual Measurement Results
Floating Point Value in RAM or Inspec- Sequence Functions
tion of a Floating Point Value in ROM. QA Automatic
MH Hot Manual Measurement QcC Clear
MN System LO Minimum Frequency in MHz QM Manual
MW Selects Modification or Inspection of a Qs Set
Word in RAM or Inspection of a Word X
in ROM. Ser\flce Request 3
MX | System LO Maximum Frequency in MHz Qo Disable SRQ Capability
MZ MHz Q1 Enable Data Ready to Cause SRQ
M1 UNCORRECTED NOISE FIGURE Q2 Ena"}e g‘;} g;mpcllete to Cause SRQ
M2 CORRECTED NOISE FIGURE AND GAIN| 93 Enable HP-IB Code Error to Cause SRQ
NC Noise Figure Meter is not system control- Q4 Enable SRQ on the System Interface Bus
ler on the System Interface Bus to Cause SBQ . .
ND Sets all ENR Values to 15.20 dB and Q5 Enable Noise Flgure Meter received
Noise Source ID No. to 00000. ((:]ontrolst;;l éhe System Interface Bus to
NE Enter and Use ENR ause
NL | Noise Figure Lower Limit (for Oscilloscope) | 6 Enagle Instrument Error to cause SRQ
NP | Selects the Noise Pen Number Q8 Enable Extended Status Byte to
NR | Enter ENR Table Cause SRQ
NS | Noise Source Catalog RC fS‘ECAlL Bte M
NU Noise Figure Upper Limit (for Oscilloscope) gEH R?‘I Eﬁ:::ifg:;; yte Mask
—_ . . RM Set Status Byte Mask
Noise Fi Display Units
NO ‘;;S;B gure Lispiay Lot RS Reset Status Bytes
N1 F RF Attenuation Selection
N2 YdB RO Auto
N3 Y R1 +20dB
N4 TeK R2 +104B
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Table 3-8. Noise Figure Meter HP-1B Code to Parameter Summary (4 of 4)

HP-1B Code HP-IB Code
<D Parameter 2D Parameter
RF Attenuation Selection (cont’d) Voltmeter Mode
R3 0dB vC Noise Source Off
R4 —10dB VH Noise Source On
R5 —-20dB VP Display Pass Through Address of Noise
R6 —-30dB Figure Meter
SB Noise Figure Meter does a Serial Poll on Vo Exponential Smoothing
the System Interface Bus Vi Arithmetic Smoothing
SC Noise Figure Meter is System Controller WT Enter Plot Name
on the System Interface Bus WO Sweep Off
sSD Displays Current Software Date w1 AUTO Sweep
SE Display Current ENR w2 SINGLE Sweep
SI Display IF Attenuator Setting
SN Enter Noise Source Identifier Recorder Test Functions
sp SPECIAL FUNCTION XV X.Axis Test
SQ SEQ
SR Display RF Attenuator Setting Display Resolution
58 STEP SIZE X0 Maximum Resolution
ST STORE X1 Less Resolution on Noise Figure
S0 Use ENR Table X2 Less Resolution on Gain
S1 Use Spot ENR
Noise Figure Measurement System Recordt?r Test Functions
Internal IF Selection YV Y-Axis Test
52 Display and Enter Internal IF for SSB2
83 Display and Enter Internal IF for SSB3 Frequency Calibration
S4 Display and Enter Internal IF for DSB YO Automatic
85 Display Noise Figure Meter Input Y1 Disable Frequency Cal
Frequency Y2 Perform 1 Frequency Cal
TC Teold Y8 Disables Debug Oscilloscope Plots
TD Disable Noise Figure Test Set on the Y9 Enables Debug Oscilloscope Plots
System Interface Bus
TE Enable Noise Figure Test Set in Modes 1.5 HP 8757 Scalar Analyzer Control
through 1.9 ZP Enable plot to HP 8757 Scalar Analyzer.
TH Thot . . zQ Disable plot to HP 8757 Scalar Analyzer.
T™ System LO Settling Time ZR Display and enter HP 8757 Scalar
TS tEhnablehI\{osl’se Figure Test Set in Modes 1.0 Analyzer System Interface Bus Address.
rough - Zs Number of measurement frequencies per
Trigger Selection HP 8757 Scalar Analyzer display refresh:
TO Free Run
T1 Hold Individual RF Attenuator Selection
T2 Execute Z0 Select RF Thru Path
UL Display User Controlled Local Oscillator Z1 Select 10 dB Pad No. 1
Frequency; Modes 1.5 through 1.9 Z2 Select 20 dB Input Amplifier
Uup t (Step up) 74 Select 10 dB Pad No. 2
UR Go to Upper Right (for X-Y Recorder) Z5 Select 10 dB Pad No. 3
Noise Figure Meter YIG Filter Tuning
Functions
Uy YIG DAC is Updated when Frequency
is Changed
vo 0 MHz Hold Off
Ul 0 MHz Hold On
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Table 3-9. Special Function to HP-IB Code (1 of 7)

Special Function HP-IB
Code Description
Name Code* | ¢REE)
Initialize Special Functions 0.0 CSs Initializes many Special Functions.
Initialize Special Functions and 0.9 None Initializes all Special Functions and Sets all
Set Defaults Defaults to Factory Set Conditions.
Measurement Mode Selection 1.0 EO0 Mode 1.0 (10—1600 MHz measurement)
1.1 E1l Mode 1.1 {fixed IF; variable freq. Sys. LO)
1.2 E2 Mode 1.2 (variable IF; fixed freq. Sys. LO; SSB)
1.3 E3 Mode 1.3 (fixed IF; variable freq. Sys. LO; mixer
is DUT)
14 E4 Mode 1.4 (variable IF; fixed freq. Sys. LO; mixer
is DUT)
1.5 E5 Mode 1.5 (10 to 26500 MHz)
1.6 E6 Mode 1.6 (fixed IF; variable frequency User
Controlled LO)
1.7 E7 Mode 1.7 (variable IF; fixed frequency User
Controlled LO; SSB)
1.8 E8 Mode 1.8 (fixed IF; variable frequency User
Controlled LO; mixer is DUT)
1.9 E9 Mode 1.9 (variable IF; fixed frequency User
Controlled LO; mixer is DUT)
Sideband Frequency Offset 2.0 BO Double Sideband (no offset)
2.1 B1 Lower Single Sideband (F; ., <Fy o)
2.2 B2 Upper Single Sideband (Fsignal >Fro)
2.3 B3 Signal Up Conversion Fqp) = Fgignay + FrLo)
Enter IF and LO Frequencies 3.0 IF IF (for Modes 1.1, 1.3, 1.6 and 1.8)
3.1 LF LO (for Modes 1.2, 1.4,1.7 and 1.9)
3.2 UL Displays User Controlled LO Frequency in
‘ Modes 1.6 through 1.9
Control Function Selection 4.0 none Normal Talker and Listener
4.2 none Talk Only
ENR, Tht Settings and 5.0 S0 Use ENR Table
ENR Table Selection 5.1 S1 Use Spot ENR
5.2 SE Display Current ENR in dB
5.3 NE Enter and Use Spot ENR
5.4 TH Enter and Use T}t
5.5 SN Enter Noise Source Identifier
5.6 NS Noise Source Catalog
5.7 EC ENR Table for Calibration
5.8 EM ENR Table for Measurement
Teolq Setting 6.0 TC Enter T.,1q
Output to Oscilloscope 7.0 A0 Noise Figure and Gain
7.1 Al Test Pattern
7.2 A2 Noise Figure Only
7.3 A3 Gain Only
7.4 A8 Oscilloscope Display Cursor Enabled
7.5 A9 Oscilloscope Display Cursor Disabled

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-I1B Code (2 of 7]

Special Function HP-1B
Code Description
Name - Code* | QEEE)
Enter Oscilloscope Limits 8.1 NL Noise Figure Lower Limit
8.2 NU Noise Figure Upper Limit
8.3 GL Gain Lower Limit
8.4 GU Gain Upper Limit
Power Measurements 9.1 N5 SOURCE Off (uncal)
9.2 N6 SOURCE On (uncal)
9.3 N7 SOURCE Off (cal)
94 N8 SOURCE On (eal)
Noise Figure Display Units 10.0 No FdB
10.1 N1 F
10.2 N2 YdB
10.3 N3 Y
10.4 N4 TeK
Select Noise Source Temperature 11.0 DO K
Units for Data Input ' 111 D1 °C
11.2 D2 °F
Display Resolution 12.0 X0 Maximum Resolution
121 X1 Less Resolution on Noise Figure
12.2 X2 Less Resolution on Gain
Smoothing (Averaging) 13.0 Vo Exponential Smoothing
13.1 Vi Arithmetic Smoothing
13.2 AF Smoothing Factor
Manual Measurement Functions 14.1 MC Cold Measurement (SOURCE-off)
14.2 MH Hot Measurement (SOURCE-On)
143 CC Cold Calibration (SOURCE-Off)
14.4 CH Hot Calibration (SOURCE-On)
15.0 PO Display Current Measurement
15.1 P1 Display Manual Measurement Results
Display Control 16.0 DF Displays Measurement Frequency in Left Display
16.1 DI Displays Input to Noise Figure Meter (Modes 1.0
through 1.4) or Input to Noise Figure Test Set
{Modes 1.5 through 1.9) in Left Display
16.2 BF Left Display is Blanked
16.3 BA All Displays are Blanked
Noise Figure Test Set Internal 17.0 B4 Single Sideband Operation (Modes 1.5
Sideband Frequency Offset through 1.9)
17.1 Bb Double Sideband Operation (Modes 1.5
through 1.9)
17.2 CF Upper and Lower Sideband Crossover Frequency
Selection
Noise Figure Measurement System 19.2 S2 Internal IF for SSB2
Internal IF 19.3 53 Internal IF for SSB3
194 S4 Internal IF for DSB
19.5 S5 Display Noise Figure Meter Input Frequency
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code (3 of 7)

Special Function HP-IB
Code Description
Name Code* | IEE)
Recorder Functions 20.0 LL Go to Lower Left
21.0 UR Go to Upper Right
22.0 A4 Plot Noise Figure
23.0 Ab Plot Gain
24.0 Ab X-AXIS Output is Noise Figure and Y-AXIS
Qutput is Gain (Strip Chart mode)
Plotter Functions 25.0 PA Plot Grid and Data
25.1 PG Plot Grid and Axes Labels
25.2 PD Plot Data Only
25.3 NP Select Noise Pen Number
25.4 GP Select Gain Pen Number
25.5 wT Select Plot Name
Trigger Selection 30.0 TO Free Run
30.1 Ti Hold
30.2 T2 Execute
Frequency Calibration 31.0 YO Automatic: See Calibration, Frequency (DOI)
: 311 Y1 Disable Frequency Cal
31.2 Y2 Perform 1 Frequency Cal
Input Gain Calibration 32.0 Cco +20, +10 and 0 dB
32.1 C1 +10, 0 and —10dB
32.2 C2 0, —10 and —20 dB
32.3 C3 —10, —20 and —30 dB
IF Attenuators Calibration™* 33.1%* CI** Calibrate IF Attenuators**
Loss Compensation 34.0 Lo Off
34.1 11 On
34.2 LA Enter Loss before DUT in dB
34.3 LT Enter Temperature of Losses
344 LB Enter Loss after DUT in dB
Sequence Functions 350 QM Manual
35.1 QA Automatic
35.2 Qs Set
35.3 QC Clear
Noise Figure Test Set YIG Filter 36.0 FT Fine Tuning Calibration with Noise Figure
Fine Tuning Calibration Measurement System Calibration; enable
Warning (E28) if Fine Tuning is needed.
36.1 FD Disable Fine Tuning Calibration before Noise
Figure Measurement System Calibration.
36.2 FW Disable Fine Tuning Calibration before Noise
Figure Measurement System Calibration and
Disable Warning (E28) if Fine Tuning is needed.
36.3 PF Fine Tuning Calibration from Start to Stop

Frequencies and Disable Fine Tuning Calibration
before Noise Figure Measurement System
Calibration.

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
*+If Special Function 33.1 is used, the gain accuracy specification will be degraded from 0.15 dB to a typical value of 0.25 dB. For more
information, refer to “Calibration, IF Attenuators™ Detailed Operating Instruction.
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Table 3-9. Special Function to HP-IB Code 4 of 7)

Special Function HP-1B
Gode Description
Name Code* | D
36.4 FF Fine Tuning Calibration at Current Frequency
Interpolated Measurements 39.0 DG Disable Interpolated Measurements in Modes 1.5
through 1.9
39.1 EG Enable Interpolated Measurements in Modes 1.5
through 1.9
HP-IB and SIB Addresses 40.0 none Display and Enter Noise Figure Meter Address
40.1 EA Display and Enter System LO Address
40.2 HT Display and Enter Noise Figure Test Set SIB
Address
40.3 HP Display and Enter Plotter SIB Address
40.4 HS Display and Enter SIB Address
40.5 HC Display and Enter Pass Control SIB Address
40.6 PT Display and Enter the SIB Address of the Pass
Through Device on the SIB
40.7 VP Display the Pass Through Address of the Noise
Figure Meter
System LO Programs 41.0 Jo HP 8350B Sweep Oscillator
41.2 J2 HP 8671B/8672A Syn. Signal Generator
41.3 J3 HP 8673B/C/G Syn. Signal Generator
414 J4 HP 8340B/8341B Sweep Oscillator
415 J5 Custom Local Oscillator
System LO Commands 42.0 AC Auxiliary Commands
421 PS CW Prefix and Suffix
42.2 ™ Settling Time in ms
42.3 MN Minimum Frequency in MHz
424 MX Maximum Frequency in MHz
425 PL System Local Oscillator Power Level
42.6 PC Power Prefix and Suffix for Custom Local
Oscillator
42.7 FC Frequency Prefix and Suffix for Custom Local
Oscillator
HP-IB Data Output Selection 43.0 HO NOISE FIGURE Only
43.1 H1 Frequency (left display), INSERTION GAIN,
NOISE FIGURE
43.2 H2 Frequency, Calibration Data (GmKBm) and
Second Stage Temperature are Output over
HP-IB during Calibration.
Service Request 440 Q0 Disable SRQ Capability (clears all enabled
conditions)
44.1 Q1 Enable Data Ready to cause an SRQ
44,2 Q2 Enable Cal Complete to cause an SRQ
44.3 Q3 Enable HP-IB Code Error to cause an SRQ
444 Q4 Enable SRQ on the SIB to Cause an SRQ
44,5 Q5 Enable Noise Figure Meter Received Control on
the SIB to Cause an SRQ
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-0. Special Function to HP-IB Code (5 of 7)

Special Function HP-1B
Code Description
Name Code* | (D
446 Q6 Enable Instrument Error to cause an SRQ
44.7 RM Enable all desired Conditions on the Status Byte
to Cause an SRQ
44.8 Q8 Enable Extended Status Byte to Cause an SRQ
44.9 RE Enable all desired Conditions on the Extended
Status Byte
Noise Figure Test Set Control 45.0 TE Enable Noise Figure Test Set in Modes 1.5
through 1.9
45.1 TS Enable Noise Figure Test Set in all Modes
45.2 TD Disable Noise Figure Test Set in all Modes
System Local Oscillator Control 46.0 LE Enable System Local Oscillator on the SIB
46.1 LD Disable System Local Oscillator on the SIB
Plotter Control 47.0 PI Plotter is on the SIB
47.1 PM Enable Plot Data to be read on the HP-IB
HP 8757 Scalar Analyzer Control 47.2 zp Enable plot to HP 8757 Scalar Analyzer
47.3 ZQ Disable plot to HP 8757 Scalar Analyzer
47.4 ZR Display and enter HP 8757 Scalar Analyzer
System Interface Bus Address
475 VA Number of measurement frequencies per
HP 8757 Scalar Analyzer display refresh
SIB Controller 48.0 SC Enable Noise Figure Meter as System Controller
on the SIB
48.1 NC Disable Noise Figure Meter as System Controller
on the SIB
48.2 DC Disable Error 48 (E48)
Sharing Control on the SIB 49.0 DP Disable Auto Pass Control
49.1 EP Enable Auto Pass Control
49.2 CR Enable Noise Figure Meter to Release Control of
the SIB
49.3 CT Enable Noise Figure Meter to Take Control of
the SIB
494 SB Enable Noise Figure Meter to perform a Serial
Poll on the SIB
49.5 DD Perform a Selective Device Clear of the Pass
Through Device on the SIB.
49.6 DS Perform a Device Clear on the SIB, if the Noise
Figure Meter is the Active Controller.
49,7 18 Perform an Interface Clear on the SIB, if the
Noise Figure Meter is the System Controller.
Special Function Catalog 50.0 GO Scan Special Function Catalog Lines
50.1 G1 Line 1 Status
50.2 G2 Line 2 Status
50.3 G3 Line 3 Status
50.4 G4 Line 4 Status
50.5 G5 Line 5 Status
50.6 G6 Line 6 Status
50.7 G7 Line 7 Status
50.8 G8 Line 8 Status

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code (6 of 7)

Special Function HP-1B
Code Description
Name Code* | (IEE)
RF Attenuation Selection 60.0 RO Auto
60.1 R1 +20dB
60.2 R2 +10dB
60.3 R3 0dB
60.4 R4 -10dB
60.5 R5 -20dB
60.6 R6 —-30dB
Display RF Attenuator Settings 61.0 SR Display RF Attenuators
RF Attenuator Hold 62.0 RH RF Attenuators are held in the configuration that
exists when Special Function 62.0 is activated.
Individual RF Attenuator Selection 63.0 Z0 Select RF Thru Path
63.1 VAl Select 10 dB Pad No. 1
63.2 Z2 Select 20 dB Input Amplifier
63.4 Z4 Select 10 dB Pad No. 2
63.5 75 Select 10 dB Pad No. 3
Noise Figure Test Set YIG Filter 64.0 Ccp Enable Coarse Tuning Calibration
Coarse Tuning Calibration 64.1 CU Select Upper Frequency of Noise Figure Test Set
IF Attenuation Selection 70.0 10 Auto
70.1 I1 0dB
70.2 12 5dB
70.3 13 10dB
70.4 14 15dB
70.5 I5 20 dB
70.6 16 25 dB
70.7 I7 30dB
70.8 I8 35 dB
Display IF Attenuator Settings 71.0 SI Display IF Attenuators
IF Attenuator Hold 72.0 IH IF Attenuators are held in the configuration that
) exists when Special Function 72.0 is activated.
Voltmeter Mode 80.0 vC Noise Source Off
81.0 VH Noise Source On
Recorder Test Functions 82.0 A7 Enable Recorder Test
82.1 XV X-Axis Test
82.2 YV Y-Axis Test
Keyboard Test 90.0 KY Display Key Codes
90.1 K1 Key Test — Row 1
90.2 K2 Key Test — Row 2
90.3 K3 Key Test -~ Row 3
90.4 K4 Key Test — Row 4
90.5 K5 Key Test — Row 5
90.6 K6 Key Test — Row 6
90.7 K7 Key Test — Row 7
90.8 K8 Key Test — Row 8
Display Test 91.0 DT Enable Display Test
(¢ MHz Hold 92.0 Uo Off
92.1 U1l On
RAM Inspection/Modification or 93.0 Al Sets the Address for Modification or Inspection
ROM Inspection Utilities and Enables Auto-Increment Mode.
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-8. Special Function to HP-1B Code (7 of 7)
Special Function HP-IB
Code Description
Name Code* | D
93.1 AD Sets the Address for Modification or Inspection
and Disables Auto-Increment Mode.
93.2 MB Selects Modification or Inspection of a Byte in
RAM or Inspection of a Byte in ROM.
93.3 MW Selects Modification or Inspection of a Word in
RAM or Inspection of a Word in ROM.
93.4 MF Selects Modification or Inspection of a Floating
Point Value in RAM or Inspection of a Floating
Point Value in ROM.
Noise Figure Meter YIG Filter 94.1 — Disable Hysteresis Calibration when Frequency
Tuning Functions is Changed.
94,2 EH Enable Hysteresis Calibration when Frequency
is Changed.
94.3 —_ YIG DAC is not Updated when Frequency is
Changed.
94.4 Uy YIG DAC is Updated when Frequency is
Changed.
Default ENR 95.6 ND Sets all ENR Values to 15.20 dB and Noise
Source ID No. to 00000
Debug Oscilloscope Plots 97.1 Y9 Enables Debug Oscilloscope Plots
97.2 Y8 Disables Debug Oscilloscope Plots
Noise Figure Test Set Protection 97.3 DA Disable Auto Sweep Abort (See Exror E102)
Last Error 99.1 ER Recalls Last Error Issued.
Software Date 99.9 sSD Displays Current Software Date

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

Tabie 3-10. Front Panel Keys to HP-IB Code Summary

HP-IB Code HP-IB Code
P
arameter <D Parameler <D

AUTO Wi PRESET PR
CALIBRATE CA RECALL RC
DECREASE DE SEQ SQ
ENR NR SINGLE W2
ENTER EN SPECIAL FUNCTION sp
FREQ INCR FN START FREQ FA
L 4 DN STEP SIZE SS
4“©= 8 STOP FREQ FB
FREQUENCY FR STORE ST
GRAPHIC SCALE Sweep and Calibrate Off (must be used to W0

GAIN MAX GU turn these functions off over the HP-IB)

GAIN MIN GL

NOISE MAX NU

NOISE MIN NL
INCREASE IN
NOISE FIGURE (UNCORRECTED) M1
NOISE FIGURE AND GAIN M2
(CORRECTED)
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Table 3-11. Commonly Used Code Conversions

Hexa-

ASGI Binary Octal Decimal { decimal
NUL 00 000 000 000 0 00
SOH 00 000 001 a0 1 01
STX 00 000 010 002 2 02
ETX 00000 011 003 3 03
EQT 00 000 100 004 4 04
ENG 00 000 101 005 5 05
ACK 00 000 110 006 6 06
BEL 00 000 111 007 7 07
BS 00 001 000 010 8 08
HT 00 001 001 011 9 09
LF 00 001 010 012 10 0A
vT 00 001 011 013 11 08
FF 00 001 100 014 12 oC
CR 00 001 101 015 13 1]
S0 00001 110 016 14 OE
Sl 00001 111 017 15 oF
DLE 00 010 000 020 16 10
DC1 00010 001 021 17 11
DC2 00010 010 022 18 12
DC3 00010011 023 19 13
DC4 00010100 024 20 14
NAK 00 010 101 025 21 15
SYN 00010 110 026 22 16
ETB 00 010 111 027 23 17
CAN 00011 000 030 24 18
EM 00 011 001 031 25 19
SUB 00011 010 032 26 1A
ESC 00011 ON 033 27 18
FS 00011 100 034 28 1C
GS 00011 101 {35 29 10
RS 00011 110 036 30 1E
us 00011 111 037 31 1F
SP 00 100 000 040 32 20
! 00 100 001 041 3 21
” 00 100 010 042 34 22
# 00 100 011 043 35 23
$ 00 100 100 044 36 24
% 00 100 101 045 7 25
& 00 100 110 046 38 26
! 00100 111 047 39 27
{ 00 101 000 050 40 28
) 00 101 001 051 41 29
* 00101 010 052 42 2A
+ 00 101 011 053 43 2B
. 00 101 100 054 44 2C
- 00 101 101 055 45 2D
. 00101 110 056 46 2E
/ 00 101 111 057 47 2F
0 00 110 000 060 48 30
1 00 110 001 061 49 31
2 00110010 062 50 32
3 0011001 063 51 33
4 00 110 100 064 52 34
5 00 110 101 065 53 35
6 00 110110 066 L7 36
7 00 110 111 067 55 37
8 00 111 000 070 56 38
9 00 111 001 174 57 39
: 00 111 010 072 58 3A
; 00111011 073 59 B
< 00111 100 074 60 ac
= 00111101 075 61 3D
> 00 111 110 076 62 3E
? 00111 111 077 63 3F

HP 8970B
Haxa-
ASCH Binary Octal | Decimal | decimal
@ 01 000 000 100 64 40
A 01 000 001 101 65 41
B 01 000 010 102 66 42
C 01000 011 103 67 43
D 01000 100 104 68 44
E 01 000 101 105 69 45
F 01000 110 106 70 46
G 0100011 107 7 47
H 01 001 000 110 72 48
f 01 001 001 11 73 49
J 01001010 112 74 4A
K 01 001 011 13 75 4B
L 01001 100 114 76 4
M 01 001 101 115 77 4D
N 01001 110 116 78 4
0 01001 111 17 79 4F
p 01 010 000 120 80 50
Q 01 010 001 121 81 51
R 1010010 ~ 122 82 52
S 01010 011 123 83 53
T 01 010 100 124 B84 54
u 01010 101 125 85 55
v 01 010 110 126 86 56
w 01010 111 127 87 57
X 01011 000 130 88 58
y 01011 001 131 89 59
i 01011010 132 90 5A
| 01 011 011 133 91 58
N 01011 100 134 92 5C
| 01011101 135 93 sD
A 01011 110 136 94 5€
—_ 01011111 137 95 5F
01 100 000 140 9% 6D
a 01 100 001 14 97 61
b 01100 010 142 98 62
c 01100 011 43 %9 63
d 01 100 100 144 100 64
e 01100 101 145 10 65
f 01100110 146 102 66
g 01100 111 147 103 67
h 01101 000 150 104 68
i 01101 001 151 105 69
j 01101010 152 106 -6A
k 01 101 011 153 107 6B
1 01 101 100 154 108 6C
m 01 101 101 155 109 60
n 01101 110 156 110 8E
a 01101 111 157 111 BF
p 01 110 000 160 112 70
q 01 110 001 161 113 71
r 01110010 162 114 72
s 01 110 011 163 115 73
t 01 110 100 164 116 74
u 01 110 101 165 17 75
v 01110 110 166 118 76
w 01110111 167 119 77
X 01 111 000 170 120 78
y 01 111 001 171 121 79
z 01111010 172 122 7A
{ 01111 011 173 123 78
: 01111 100 174 124 7C
} 01 111 101 175 125 7D
- 01 111110 176 126 7E
DEL 01 111111 177 127 7E
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Description

Procedure

Operation

Calibrate
(Includes Special Function 39)

Special Functions 39.0 and 39.1 are ONLY used with Measurement Modes 1.5
through 1.9, Special Function 39.0 does not allow interpolated measurements between

calibrated points. Special Function 39.1 does allow interpolated measurements
between calibrated points.

Pressing the CALIBRATE key initiates a calibration of the instrument and any
equipment that is currently connected to the INPUT. First a frequency calibration
is performed and then the noise figure is measured at each selected calibration point.
The calibration data obtained is used to measure gain and to perform the “second
stage correction” computations needed to make a CORRECTED NOISE FIGURE
AND GAIN measurement. The calibration points are the START FREQ setting, the
STOP FREQ setting, and the frequency steps determined by the setting of STEP
SIZE. Refer to the Sweep Detailed Operating Instruction for additional information
on these keys. During calibration, each specified frequency in the selected range is
calibrated at three input gain settings as selected by Special Function 32. The default
gain settings are +20, +10 and 0 dB. In Measurement Modes 1.0 through 1.4, the
calibration data is automatically interpolated between the calibrated points when it is
used for a gain measurement and second stage correction. Therefore, it is not necessary
to calibrate at every frequency that is to be measured. However, Hewlett-Packard
recommends that each measured point should be a calibrated point. In Measurement
Modes 1.5 through 1.9, the default (Special Function 39.0) is set, which does not
allow interpolation between calibrated points. However, the calibration data can be
interpolated between calibrated points by using Special Function 39.1.

If Special Function 39.0 is active and interpolation is attempted in Measurement Modes
1.5 through 1.9, error code E21 (Frequency Out of Calibrated Range or not a calibrated
point) is generated. Also, if a corrected measurement is attempted at a frequency

less than the START FREQ setting or more than the STOP FREQ setting of the
calibration run, error code E21 is displayed.

During a calibration, the calibration data can be gathered over the Hewlett-Packard
Interface Bus (HP-1B). For more information, refer to the “Comments” section at the
end of this instruction.

Specific calibration setups and procedures are contained in the “Detailed Operating
Instructions” for Measurement Modes 1.0 through 1.9.

WARNING

The local oscillator power must be selected for the type of HP 8971B/C in use.

An HP 8971B requires +6 dBm, an HP 8971C standard or Option 002 requires
+10 dBm at 26.5 GHz (+8 dBm is adequate below 22 GHz), and an HP 8971C
Option 001 should have only +1 dBm. Use special function 42.5 to change the
local oscillator power if necessary.

To initiate a calibration sequence, press CALIBRATE. The message “Press Cal” will
be displayed. Press CALIBRATE again. Pressing the CALIBRATE key twice ensures
that the CALIBRATE key is not inadvertently pressed. To terminate calibration
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Calibrate (contd)
(Includes Special Function 39)
Procedure
(cont’d)
Program Stored in Can Be Preset (and Special
Code Continuous Stored and HP-IB Clear] | Function 0.9
Front Panel Key m Memory Recalled Conditions Conditions
CALIBRATE CA N N Off Off
Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating
Instruction.
. = = $ 2 =
Ex|tE |8 |EE|E2|E2
. . Ex |9 52 52|22 | 5=
Special Function Program we | EY “ 8 3 =8 :;; B
Code £% §§ 2 s S ET| S
Description Cote | (N S |asE|l8s|&28 £& 22
Disables 39.0 DG or N Y N On On On
interpolated 39.0 8P
measurements in
Measurement
Modes 1.5
through 1.9
Enables 39.1 EG or N Y N Off Off Off
interpolated 39.1 SP
measurements in
Measurement
Modes 1.5
through 1.9
1'Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating
Instruction.
N =No, Y= Yes, NC = No Change
Example To initiate calibration at the existing SWEEP function settings:
LOCAL /—.Functlon-.
{keystrokes)
CA
(program codes)
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. Procedure

(cont’d)

Program
Codes

Indications

Comments

Operation

Calibrate (contd)
(includes Special Function 39)

before it is complete, press CALIBRATE again. Pressing PRESET also terminates
the calibration sequence.

To select Special Function 39.0 or 39.1, enter the code desired and press the SPECIAL
FUNCTION key.

CA is the program code for the CALIBRATE key. The calibration sequence can not be
toggled on and off over the HP-IB. Instead, successive CA codes cause the calibration
to be restarted. To terminate calibration prior to completion, use the Sweep Stop
command (W0). Refer to the Procedure for other HP-IB codes.

The CALIBRATE LED lights and remains lit until the calibration is complete. During
frequency calibration, the INSERTION GAIN display shows “Fr” and the NOISE
FIGURE display shows “CAL”.

During second stage calibration, the left display indicates each tuned frequency and the
NOISE FIGURE display indicates the noise figure at that frequency. The frequency
range and step size are controled by the SWEEP keys.

When calibration is completed, the instrument resumes making the measurement that
was active when CALIBRATE was pressed. However, if the instrument was sweeping
(either in AUTO or SINGLE) it does not resume sweeping. Instead, it performs the
previously selected measurement at the frequency it was tuned to when CALIBRATE
was pressed.

The maximum number of frequency points that can be calibrated is 181 for the Noise Figure
Meter (range 10 MHz to 1600 MHz; 2047 MHz for opt 020) or the Noise Figure Measurement
System (range 10 MHz to 26500 MHz). For the Noise Figure Measurement System, this is
approximately 150 MHz steps for the full range.

When a calibration is done in Measurement Modes 1.5 through 1.9 and Special
Function 36.0 is active, the Noise Figure Test Set is calibrated before the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and System Local
Oscillator) calibration. “8971 CAL” is displayed, on the Noise Figure Meter, during
the Noise Figure Test Set calibration. For more information, refer to the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction.

During calibration, all of the front panel keys except LOCAL, PRESET, and
CALIBRATE are disabled.

If LOCAL is pressed during calibration, the instrument returns to local control (if it
was in remote, and the Local Lockout command was not in effect). Calibration is not
interrupted by the LOCAL command.

Pressing PRESET or CALIBRATE terminates the calibration function. However,
PRESET also resets the entire instrument to a specified set of conditions (refer to the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction). If either
of these keys are pressed during the frequency calibration portion of the sequence (that
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Calibrate (contd)
(Includes Special Function 39)

Comments is, “Fr CAL” is being displayed), calibration is not terminated. These commands .
(cont’d) cannot be used until the frequency calibration is completed.

The calibration data cannot be stored using the STORE key and it is not retained
when the instrument is turned off. Therefore, it is necessary to calibrate the instrament
each time power is turned on.

The most accurate calibration can be obtained after a warm-up of at least one hour. The best
HP 8971C thermal equilibrium can be obtained if the instrument is allowed to dwell at a

frequency 0.7 times the maximum tuning frequency, or if the noise figure meter is stepped
through its frequency list prior to calibration.

The HP 8971C will give a warning if the ambient temperature changes greater than
5°C. If the ambient temperature is measured as part of a measurement program at
calibration, and sampled at intervals, then a change in ambient temperature can be
used to warn the operator that recalibration is suggested to obtain greater accuracy.
See program example.

I smoothing (averaging) is used during calibration, the arithmetic averaging algorithm
is used. Refer to the Smoothing (Averaging) Detailed Operating Instruction for a
detailed discussion of the averaging techniques used by the instrument. A smoothing
factor of 4 or 8 is recommended for the most accurate calibration. Note that once
calibration is initiated, the SMOOTHING keys are disabled and the averaging factor
cannot be changed during the calibration sequence.

If an external controller is being used to control both the Noise Figure Meter and
the system local oscillator or the Noise Figure Measurement System and the user
controlled local oscillator, the calibration sequence must be stepped using the HP-IB
commands T1 (Trigger hold) and T2 (Trigger execute) after the local oscillator has
been moved to each new frequency. Once the HP-IB command for calibration (CA) is
issued, the T2 mnemonic for trigger execute must be used. The Noise Figure Meter
will ignore the alternate HP-IB code of 30.25P. Refer to the Trigger Selection Detailed
Operating Instruction for additional triggering information.

It is assumed that the triggered calibration is being performed as a part of the
procedure in the Comments section of the Detailed Operating Instructions for
Measurement Modes 1.0 through 1.9. All Measurement Modes require a triggered
calibration sequence. Therefore, the preliminary steps such as selecting Special
Function 4.0 will have already been performed. The following general conditions must
be observed when using an external controller to perform a triggered calibration:

a. Remove the device under test (DUT) from the measurement system.
b. Set the Noise Figure Meter to trigger hold (T1) mode.
c. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).
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Comments

(cont’d)

Operation

Calibrate (cont'd)
(Includes Special Function 39)

Program Example To Check Ambient Temperature

COM /Check_temp/ Pass_thru, Temp_spec,Init_amb_temp
Nfm=708 ! Noise Figure Meter Address.
Nfts=710 ! 8971C Address.
Controller=700 ! Controller Card * 100.
Pass_thru=BINOR(Nfm, 1) ! Pass Thru Address to 897i1C
Temp_spec=2 ! Tight Temperature Spec
Temp_time=5%60 ! Time Between Measurements of Temp.
OUTPUT Nfm;"PT ";Nfts-Controller;" EN"! Pass Thru Address
OUTPUT Pass_thru;"CAD 6" ! Request Ambient Temperature.
ENTER Pass_thru;Ambient_a_d ! Get Temperature.
Init_amb_temp=Ambient_a_d*.346 ! Convert A to D Value to Deg C
PRINT Init_amb_temp ! Initial Temp
1
ON CYCLE Temp_time CALL Check_temp
Cycle_thru; !
PRINT "WORKING"
1
!
! YOUR TEST GOES HERE
|
!
!
GOTO Cycle_thru
END
!
SUB Check_temp! This Sub Checks The Ambient Temp
COM /Check_temp/ Pass_thru, Temp_spec,Init_amb_temp
OUTPUT Pass_thru;"CADX 6" ! Request Ambient Temperature.
ENTER Pass_thru;Ambient_a_d ! Get Temperature.
Ambient_temp=Ambient_a_d*.346 ! Convert A to D Value to Deg C
IF ABS(Init_amb_temp-Ambient_ temp)>Temp_spec THEN
DISP "MIGHT BE TIME TO RECALIBRATE"
END IF
SUBEND

d. Set the LO to the appropriate frequency. Refer to the LO’s operating manual for
the required HP-IB codes. Allow sufficient settling time for the output of the LO
to stabilize.

e. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for it will be ignored.

f. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new data is ready.
It is possible to write an SRQ interrupt routine on the Data Ready status bit. Refer
to “Enabling the Service Request Condition”, paragraph 3-30.
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Calibrate (contq)
(Includes Special Function 39)

g. Continue to loop through steps d, e, and {. A method for determining when the
calibration is complete must be programmed into the external controller. One
method is to compare the frequency that is sent to the L.O with the stop frequency
programimed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete SRQ. Refer to “Enabling the Service Request
Condition”, paragraph 3-30.

Calibration data can be collected at the time the calibrate command is executed.
This feature is useful for comparing calibrations, to see how the Noise Figure Meter
is performing. The controller can command the Noise Figure Meter to send both the
gain reference (GkB) and second stage temperature, using the HP-IB command H2.
H2 will cause the Noise Figure Meter to output the following string:

+FFFFFE+06,SCCCCCE+XX,STTTTTE+YY (CRLF)

Where FFFFF is the calibration frequency, STTTTT is the sign followed by the second
stage temperature value and SCCCCC is the sign followed by the calibration data of
GkB for the point being sent. The exponents are shown above as XX and YY. The
string is followed with carriage return and line feed.

The equations for GkB and the second stage temperature are given below:

F, - P,
arp < Do ~ Fleald)
Loty — T{cold)
T(hot) - [(T(cold)(Y)]
Y-1

Second Stage Temperature =

)

Y =
P(cold)

P (hot) is the power (in joules/second) for a hot (noise source on) measurement during
calibration. P(egg) is the power (in joules/second) for a cold (noise source off)
measurement during calibration. T(noy) is the temperature (in Kelvin) for a hot
measurement from the ENR (Excess Noise Ratio) tables. T(.q) is the temperature
(in Kelvin) for a cold measurement set with Special Function 6.0.

The same general conditions (steps a through g), as described earlier, also apply when
performing a triggered calibration and outputting the data to the controller. The
exception is that the command H2 must be used.

The following is an example of a program that will perform a triggered calibration and
output the calibration data, in Measurement Modes 1.0 or 1.5:

NOTE
This program was written in BASIC language 3.0 using the HP 9000 Series
200 Model 236 computer.
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Calibrate (contd)
(Includes Special Function 39)

Program Example For Triggered Calibration

10 DIM A$[80],T$[10]
20 PRINTER IS CRT

30 Nfm=708 'Noise Figure Meter address.
40 Start=20 !Start Frequency

50 Stop=100 !Stop Frequency

60 Step=20 !Step Size

70 OUTPUT Nfm;"H2" 10utput second stage temperature and

IGkB during calibration
80 OUTPUT Nfm;"T1" 'Trigger Hold

90 OUTPUT HWfm;"FA";Start;"EN FB";Stop;"EN"!Start and stop frequencies
100 QUTPUT Nfm;"S5";Step;"EN" 'Step Size

110 INPUT "MAKE SURE THE NOISE FIGURE METER IS SETUP FOR A CALIBRATION AND PRESS 'ENTER’",A
120 !

130 !

140 !'NOW BEGIN TAKING DATA FROM THE CALIBRATION

150 !

160 OUTPUT Nfm;"RM 2 EN"

170 OUTPUT Nfm;"RS"

180 OUTPUT Nifm;"CA"

120 Loop:

200 !IN MEASUREMENT MODES 1.6 THROUGH 1.9,
210 !'APPROPRIATE COMMANDS TO CONTROL THE USER

220 {CONTROLLED LOCAL OSCILLATOR SHOULD BE ADDED HERE
230 DUTPUT Nfm;"T2"

240 ENTER Nfm;Freq,GkB,Tem

ISetup calibration complete SRQ
'Reset Noise Figure Meter Status Byte
1Start the calibration

tLoop to do all measurements

1Trigger a measurement

1Get the calibration frequency,
!gain reference and second stage
!temperature

250 PRINT "FREQ, GkB, Tem =";Freq;", ";GkB;", ";Tem

260 S=SPOLL (Nfm) 1Get Noise Figure Meter Status Byte
270 IF BIT (S,1)=0 THEN GOTO Loop {Continue until done
280 !

290 PRINT "DONE."
300 !
310 END
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Calibrate (cont'd)
(Includes Special Function 39)

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active,
the calibration sequence does not override them. Therefore, to calibrate on one range
only, use any of these Special Functions except 60.0 or 70.0. If any of these Special

Functions are inadvertently left active the calibration sequence may not cover the
expected gain range.

Any loss compensation entered by Special Function 34 is ignored during the calibration
sequence.

Calibration, Frequency

Calibration, Input Gain Selection

Measurement Modes 1.0 through 1.9

Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Sweep

Trigger Selection
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Procedure

Operation

Calibration, Frequency
(Special Function 31)

Frequency Calibration is performed to ensure the accuracy of the displayed tuned frequency.
During frequency calibration, the instrument’s first local oscillator (the YIG oscillator) is
tuned to the first IF (2050 MHz; 3900 MHz opt 020). Since the first mixer is not perfectly
balanced, some of the first local oscillator power is fed through to the first IF. This signal is
mixed down to the third IF. It is then detected by a special narrow-band detector (approx.
100kHz wide). Unless Special Function 60.1 - 60.6 or 62 is selected, the RF input attenuators
are switched in during frequency Calibration to allow the LO feed thru signal to dominate.

The YIG oscillator is then stepped through the narrow-band detector’s pass band using a
special fine tune digital-to-analog converter (DAC). When the peak output is detected, the
YIG oscillator is tuned to the first IF (2050 MHz; 3900 MHz opt 020). This IF corresponds’
to 0 MHz on the front-panel frequency display. The fine tune DAC is held at this value. This
correction value is then used when the YIG oscillator is tuned in response to subsequent
tuning changes

Frequency calibration is initiated by the following:

a. The LINE switch is pressed to apply power . the instrument.

b. The PRESET key is pressed or the CALIBRATE key is pressed if Special
Function 31.0 is active.

c. Special Function 31 is used to initiate and control frequency calibration.

Completion of Frequency Calibration does not set the CALIBRATION COMPLETE
bit of the HP-IB statue byte. That bit is used only for RF calibration.

Special Function 31 is defined as follows:

a. 31.0—Selects the automatic frequency calibration mode. In addition to the initial
frequency calibration described previously, a frequency calibration is automatically
initiated 15 minutes after power on, 30 minutes later, 1 hour later, 2 hours later, and
then every 2 hours until the instrument is turned off or a different 31 Special Functionis

entered. This mode is the default condition. If the RF input attenuators are locked (special
function 60.1-60.6 or 62), frequency calibration may fail due to excess noise power from the
device under test. This will result in an E18 (Frequency Calibration failure) error. If this
should occur, automatic frequency calibration can be disabled, and periodic manual
calibration (31.2 special function) can be substituted. Note, however, that the input
attenuators should be unlocked (60.0 special function) ! prior to executing the calibration.

b. 31.1—Disables the frequency calibration. In this mode, frequency calibration is
still done if the PRESET key is pressed. However, frequency calibration is notinitiated
periodically as described in 31.0.

¢. 81.2—Initiates a frequency calibration immediately. After that frequency calibra-
tion, the operation returns to the mode active when 31.2 was entered. If 31.1 was active,
it remains active after the frequency calibration is done.

Frequency calibration is performed as a part of PRESET. Frequency calibration can
also be done when the CALIBRATE key is pressed and Special Function 31.0is active.
In addition, the frequency calibration can be performed or disabled by keying in the

corresponding Special Function code and then pressing the SPECIAL FUNCTION
key.

3-65



Operation HP 8970B

Calibration Frequency (contd)
(Special Function 31)

Procedure
(cont’d)
= - E. || E
83| 85 | Bz 2B |zs | EE
S= F— [ =3 o=
Special Function Program | g | E% | B | B | §& | =%
e | 25| B2 | 88 §5| 3% | 85
Description Code (@R S| &£ | SE| 83 | £8 | @<
Automatic Frequency 31.0 | YOor N N N On n On
Calibration 31.0SP
Disable Frequency 311 | Ylor N N N Off Off Off
Calibration 31.1SP
312 | YZor
Perform One Fre- 3128SP| N N N Off Off Off
quency Calibration
1Table categories are explained in the Special Functions Detailed Operating Instruction.
Example To select the Disable Frequency Calibration Mode:
LOCAL -~ Code -~ o EUNCTION vy,
(keystrokes) |
OO E [o)mm
Y1
(program codes)
Program For HP-IB codes, refer to Procedure above.
Codes

) HP-1B 2

Indications The INSERTION GAIN and NOISE FIGURE displays are not affected by 31.0 and
31.1. If 31.2 is entered, the INSERTION GAIN display shows “Fr” and NOISE
FIGURE display shows “CAL” until the frequency calibration is completed.

Related Calibrate
Sections Preset Conditions and Power-Up Sequence
Special Functions
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Calibration, IF Attenuators
. (Special Function 33.1)

READ THE FOLLOWING NOTE BEFORE CALIBRATING THE IF
ATTENUATORS USING SPECIAL FUNCTION 33.1

NOTE
Using Special Function 33.1, to calibrate the IF attenuators, will re-

duce the gain instrumentation uncertainty specification to a typical
value of +0.25 dB.

If error code E26 (IF calibration needed) is valid, the following methods
can be used to calibrate the IF attenuators, while maintaining a gain
instrumentation uncertainty specification of +0.15 dB:

o If the Noise Figure Meter is due for its annual calibration, refer to
Section IV, Performance Tests. Before starting the tests, use Special
Function 33.1, with an HP 346 B/ C Noise Source, to clear error E26.

OR, send the Noise Figure Meter to the nearest Hewlett-Packard
service center for calibration.

e If the Noise Figure Meter is not due for its annual calibration, enter
the IF attenuator calibration data that should have been recorded in
Section IV (Table 4-1), at the time of installation (see Section II).
Enter the data using the “Entering IF Attenuator Values” section of
the Gain Measurement Uncertainty Performance Test in Section

IV. This method maintains the gain instrumentation uncertainty
. specification of +0.15 dB.

e Perform the “IF Attenuator Calibration” section of the Gain Meas-
urement Uncertainty Performance Test in Section IV. This method

maintains the gain instrumentation uncertainty specification of
+0.15 dB.

¢ Use Special Function 33.1 to perform the IF attenuator calibration.
If Special Function 33.1 is used, the gain instrumentation uncer-
tainty specification will be degraded from +0.15 dB to a typical
value of +0.25 dB. Because of this degradation, Hewlett-Packard

recommends that one of the other methods be used to calibrate the
IF attenuators.
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Calibration, IF Attenuators (contd)
(Special Function 33.1)
Description Special Function 33.1 is used to calibrate the IF Attenuators. The HP 346 B/C noise

source MUST be connected to the Noise Figure Meter. The Noise Figure Meter turns on
the noise source and uses its own internal noise power detector to measure each IF
attenuator. This data is used to correct the gain readings during gain measurement.
After the IF attenuation calibration is completed, this data is stored in the instru-
ment’s continuous memory and is retained when power is removed. Completion of IF
calibration does not set the CALIBRATION COMPLETE bit of the HP-IB status byte.

Procedure To calibrate the IF Attenuators, connect the HP 346 B/C noise source to the instru-
ment’s INPUT connector, enter 33.1, and then press SPECIAL FUNCTION.

o = "_E'g =
= L B - 2 .l ad S 2w
E=1 5E = B E | == s e
@ @ P e @3 = & = = e
gx Q2 12 | 3E | EE (2=
Special Function Program wE | =L, | L8| =B | =8 | =8
e N = =2 8 c oy - - S S
Code Description £E8|ES8 == | 82|85 |82
-— = - E — — o2 &
Name Code @ T | A= | OS8 | e | a0 | as

IF Attenuators | 33.1 Clor Calibrate IF
Calibration 33.1SP Attenuators

z
g
3
2

1 Table categories are explained in the Special Functions Detailed Operating Instruction.

Example
LOCAL e (0 (1€ e—— s FUNCtioN e
(keystrokes)

3OO (&)
Cl
[program codes)

Program The HP-IB code for IF Attenuator Calibration is CI (or 33.1SP).

Codes

Indications During calibration, the NOISE FIGURE display shows “IF CAL”. IF Attenuator
Calibration takes only a few seconds. If for any reason the IF Attenuator Calibration
is not successfully completed, error E13 (IF Attenuator Calibration failed) is displayed.

Comments Error code E26 is displayed if the IF Attenuator calibration data is not stored in the
continuous memory. Exrror E26 always occurs after an error E80 (continuous memory
failure). Therefore, an IF Attenuator calibration must always be performed after an
error E80 has been cleared. Either an HP 346B or HP 346C Noise Source is needed for
calibrating the IF attenuators. The HP 346A will work only with the addition of
approximately 10 dB of gain (at the calibration frequency, of 30 MHz) between the
Noise Source and the Noise Figure Meter INPUT connector.

Related Error Messages and Recovery

Sections Special Functions

3-68



HP 8970B

Description

Procedure

Example

Program
Codes

D

Calibration, Input Gain Selection

(Special Function 32)

Operation

The gain setting for calibration can be selected using Special Function 32. Calibration
is performed from the start frequency to the stop frequency in steps of the specified step
size. At each frequency, calibration is done at the three most sensitive RF attenuator
gain settings (that is, +20,4+10, and 0 dB). These settings are the default value for
Special Function 32. Three other sets of gain settings can be selected using the special
functions shown below. Selection of the gain settings to be calibrated depends upon the
specific application. Selecting a calibration gain setting does not initiate a calibration

sequence.

To select an alternate gain setting for calibration, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

- = g |SE|E
E-|cE| |2 |EE|ES| EE
82 |©og |s2 |52 | BE| ZE
Special Function Pgam | S £ |2 |88 % |28 | g &
e | 2% ES|CS g5 | EE|ES
Description Code | (ERE) 2 | ZE | SE |82 | &S5 | 25
+20, +10,and 0dB | 32.0 COor N N N On On On
32.08P
+10,0, and -10dB | 32.1 Clor Y N N Off | Off | Off
32.18P
0,10, and —20dB | 32.2 C2or Y N N Off | Off | Off
32.28P
~10, —20, and 32.3 C3or Y N N Off | Off | Off
-30dB 32.38P
1 Table categories are explained in the Special Function Detailed Operation Instruction.
To select +10, 0 and —10 dB as the gain settings for calibration:
LOCAL Code o= FUNGHiON =
{keystrokes)

EGOO (o e,

) HP-IE 2

(program codes)

€1

For HP-IB codes, refer to Procedure above.
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Calibration, Input Gain Selection (contd)
(Special Function 32)

The gain settings, other than the default values, are used primarily when the Noise
Figure Meter is calibrated with high gain external to the Noise Figure Meter.

If external gain is not being used during calibration and Special Function 32.1is active,
error code E27 (too much loss while calibrating) may be generated. If external gain is
not being used during calibration and Special Function 32.2 or 32.3is active, error code
E27 will be generated.

DUTs in the specified range of ~20 to +40 dB can be measured using Special Function
32.0.

Calibrate
Special Functions
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Operation

Controlier Capability of the Noise Figure Meter

Description

Procedure

Example

indications

Comments

(Special Function 4)

The Noise Figure Meter can be used as a limited controller for an external device
connected to the HP-IB connector. This capability is limited to operating in the Talk
Only Mode (outputting data to a recording device such as a printer). The Noise Figure
Meter can also be controlled by an external controller when Special Function 4.0 is
active. Only one of the two capabilities can be active at any one time.

To select an HP-IB control capability, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

[- -~
= = 4 =
= L B | = 2y a8 | 2e
3 o S e oo = = =] = =
o @ D & o c 2 - [
2=  CTE | ZF |25 | EE | £
. .
Special Function Program | ® § | S« 8 | =B | S8 | zE
-— = _— 0 Ty — -—
Code £S 82 |2 To | T | o
58S | E2 | SE |52 | E8 | &g
- = 2 ] = )
Description Code | (EHEP | =F | &= |©= | @S G | Ao

Normal Talker and | 4.0 None

Z
o3
Z
2,
Q
Z
@]
Q
=

Listener Mode
Refer to Special 4.1
Function 46.0
Talk Only Mode 4.2 None N Y N NC NC Off

1Table categories are explained in the Special Function Detailed Operation Instruction.

To select the Talk Only Mode.

LOCAL - Data - o FUNCLION =y,

[keystrokes) () () (2) @spemm.

FUNCTION

L HP-IB

(program codes)

Cannot be selected via HP-IB

When Special Function 4.2 is active, the HP-IB TALK annunciator lights.

In the Talk Only Mode, the instrument continuously outputs data to arecording device
that is in the Listen Only Mode. The data output format and content is controlled by
Special Function 43. Refer to the HP-IB portion of this section for additional
information on this Special Function.

Since the Noise Figure Meter has a second bus (System Interface Bus) to control the
system LO, the Noise Figure Test Set and plotter, Special Function 4.1 isnolonger used.
Refer to Special Functions 45, 46 and 47.
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Controller Capability of the Noise Figure Meter (contd)

{Special Function 4) .
Comments An external controller cannot be used when Special Function 4.2 is active.
(cont’'d)
The active function of Special Function 4 is not affected by PRESET, Special Function
0.0, or the LINE switch.
Related Special Functions.
Sections System Interface Bus Control
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Operation

Data Output to Oscilloscopes, Recorders and Plotters

. Description

Procedure

(Special Functions 7, 8, 20 through 25, and 47)

The Noise Figure Meter can output analog data to an oscilloscope, an X-Y recorder, or a
strip chart recorder. The Noise Figure Meter can only be used with an analog
oscilloscope. Digital data can be output to a plotter on the Hewlett-Packard Interface
Bus or the System Interface Bus. Digital data can also be output to the HP 8757 Scalar
Analyzer on the System Interface Bus. However, only one of these devices can be used
at a time. Since the setup procedures and operation are similar for all five devices, the
operating information for all are covered in this operating instruction.

Normally it is simpler to perform a setup procedure using the oscilloscope andthendoa
plot or switch to a recorder mode (or use an oscilloscope camera)if a permanentrecord is

required. In the example following the general procedure, this type of setup will be
shown.

To select one of the oscilloscope, recorder, or plotter output functions, key in the
corresponding Special Function code and then press the SPECIAL FUNCTION key.

LS =0 =2 = e
§f 55E=|8E T3 |:E:=
Special Function Pogram | 2 S | E5 |28 =B (=S | =E
e ([ £E2 ES| S| 8S|EE| &S
Description Cote | (EER) |=F | = E|l 85| &8 | &3 | &S
Output to Oscilloscope
Noise Figure and Gain| 7.0 | AOor 7.05P N Y N On On On
Test Pattern 71 |Alor7.18P} N Y N Off Off Off
Noise Figure Only 72 |A20r728P| N Y N Off Off Off
Gain Only 73 |A30r73SP| N Y N Off Off Off
Cursor enabled for 7.4 | A8 or 7.4SP N Y N On On On
oscilloscope display
Cursor disabled for 75 [A90r755P| N Y N Off Off Off
oscilloscope display
Enter Oscilloscope Limits
Noise Figure Lower 81 |NLor81SP| N Y Y NC 0 0
Limit
Noise Figure Upper 82 |[NUor828P, N Y Y NC 8 8
Limit
Gain Lower Limit 8.3 |GLor83SP| N Y Y NC 0 0
Gain Upper Limit 84 |GUor84SP| N Y Y NC 40 40
Recorder Functions
Go to Lower Left 200 |LLor200SP| N N N Off Off Off
Go to Upper Right 21.0 [URor21.0SP| N N N Off Off Off
Plot Noise Figure 29.0 {Ador2205P| N Y N Off Off Off
Plot Gain 230 [ASor23.0SP| N Y N Off Off Off
Strip Chart Mode 240 {A6or2408P| N Y N Off Off Off
(X = Noise Figure;
Y = Gain)
Table categories are explained in the Special Function Detailed Operating Instruction.
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Data Output to Oscilloscopes, Recorders and Plotters (conta)
(Special Functions 7, 8, 20 through 25, and 47)

Procedure
(cont'd) o
- = E . |=5|5
Ea| 22 B EE| =E B2
eE 85| E2|5E8 =5 1E¢
Special Function Program |2 § | £, “2l= E|SS =%
Coe | EE EE| ce|ES|8F &S
Description Cole| (AP =< == |85 | BF|ac |53
Plotter and HP 8757 Scalar Analyzer Functions
Plot the grid with units, title (25.0] PA or N N N Off | Off | Off
and curves. 25.05P
Plot only the grid and 25.1 PGor N N N Off | Off | Off
annotation. 25.1SP
Plot only the data curves. 25.2 PD or N N N Off Off | Off
25.25P
Select the Noise curve pen. 253| NPor N N N Off 1 1
25.38P
Select the Gain curve pen. 25.4 GP or N N N Off 2 2
25.4SP
Write the plot title for next plot.|25.5| WTor N N N Off HP 8970B
25.565P Noise Figure
Meter
Enable plotter commands on {47.0 PI ox N Y N NC | NC On
the System Interface Bus. 47.0SP
Enable plot data on the 471! PMor N Y N NC | NC | Off
Hewlett-Packard Interface Bus. 47.15P
Enable plot to HP 8757 47.2 ZP or N N N On On On
Scalar Analyzer. 47.28P
Disable plot to HP 8757 Scalar |47.3 ZQ or N N N Off | Off | Off
Analyzer. 47.35P
Number of measurement fre- |47.5 ZS or N N N NC 0 0
quencies per HP 8757 Scalar |~ 47.55P
Analyzer display refresh.
'Table categories are explained in the Special Function Detailed Operation Instruction.
Example The following example shows how to set up the Noise Figure Meter to output a swept

CORRECTED NOISE FIGURE AND GAIN measurement result to an oscilloscope and
then to plot noise figure and gain results independently. It is assumed that the Noise
Figure Meter is already making this type of measurement in one of the Measurement
Modes. It is also assumed that the oscilloscope has A vs B (or X/Y) capability.

Data Output to an Oscilloscope
NOTE

The oscilloscope must be an analog oscilloscope. Digital oscilloscopes
will not work with the Noise Figure Meter,

The oscilloscope display will flash intermittently if data from a swept

measurement is being output to both the oscilloscope and the HP 8757
Scalar Analyzer.

a. Connect the Y-AXIS, X-AXIS, and Z-AXIS outputs on the rear panel of the Noise
Figure Meter to the A, B, and Z (or horizontal, vertical, and Z) inputs of the oscilloscope
as appropriate. Select the DC mode for all oscilloscope inputs. .
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HP 8970B Operation

Data Output to Oscilloscopes, Recorders and Plotters (contq)
(Special Functions 7, 8, 20 through 25, and 47)

Example b. To display the test pattern on the oscilloscope screen press 7. 1 SPECIALFUNC-
(cont'd) TION (or send HP-1B code Al).

NOTE

In the following step, first adjust the position controls on the oscillocope
to place the test pattern on the left side and the bottom. Then, adjust the
gain controls to position the right side and top.

c. Adjustthe oscilloscope controls until the test pattern just fills the screen (touching
the outer lines on all four sides). See figure below. Verify that the vertical and
horizontal lines cross near the center of the screen.

Figure 3-15. Test Pattern on Oscilloscope

NOTE

In the following steps it is assumed that the DUT has a noise figure
range of 0.5 to 4 dB and a gain range of 0 to 25 dB over the specified
frequency range.

d. To display the noise figure and gain traces on the oscilloscope screen, press 7.0
SPECIAL FUNCTION (or send HP-IB code A0).

e. Todisplay the noise figure lower limitin the left display, press the front panel key
GRAPHIC SCALE NOISE MIN or press 8.1 SPECIAL FUNCTION (or send HP-1B
code NL). If the left display shows the default value of 0.000dB, continue with the next
step. If the display shows a different value, press 0 and ENTER (or send HP-1B code
0EN).

f. Todisplay the noise figure upper limit in theleft display, press the front panel key
GRAPHIC SCALE NOISE MAX or press 8.2 SPECIAL FUNCTION (or send HE-IB
code NU). The default value is 8.000 dB. To change the upper limit to 4 dB, press 4 and
ENTER (or send HP-IB code 4EN). '
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Operation HP 8970B

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

Example g. In a similar manner, use front panel key GRAPHIC SCALE GAIN MIN (8.3

(cont’d) SPECIAL FUNCTION or HP-IB code GL) and front panel key GRAPHIC SCALE
GAIN MAX (8.4 SPECIAL FUNCTION or HP-IB code GU) to display and change the
lower and upper limits of the gain trace. The default values of 0.000 and 40.00 are
satisfactory for this example.

h. To display the corrected swept measurement, press CORRECTED NOISE FiG-
URE AND GAIN (or send HP-IB code M2).

i. For a repetitive swept measurement beginning at the start frequency, press
START FREQ and then AUTO (or send HP-IB codes FAW1). Verify the display is
similar to that shown below. There should be a noise figure trace and a gain trace.

Figure 3-16. Swept Measurement on Oscilloscope

NOTE

If desired, the intensity of the gain trace can be adjusted relative to the
noise figure trace. This can be done by turning the GAIN TRACE
adjustment on the rear panel of the Noise Figure Meter (see Figure 3-8).

j. To stop the sweep press AUTO again (or send HP-IB code WO0). Note that a
different HP-IB code is required to turn off the sweep since this function cannot be
toggled over the HP-IB. '

NOTE

Step j completes the procedure for setting up the Noise Figure Meter for
an oscilloscope display. If a permanent record of the measurement
results is required, use an oscilloscope camera or perform the sections
following the procedure for “Outputting Data to the HP 8757 Scalar
Analyzeronthe System Interface Bus.” Pracedures are given for output-
ting data to a plotter on the System Interface Bus or the Hewlett-Packard
Interface Bus and for plotting data on an X-Y recorder.
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HP 8970B

Uperation

Data Output to Oscilloscopes, Recorders and Plotters (cont'd)

Example
(cont'd)

(Special Functions 7, 8, 20 through 25, and 47)
Outputting Data to the HP 8757 Scalar Analyzer on the System Interface Bus

NOTE

If an analog oscilloscope is not available, the HP 8757 Scalar Analyzer

can be used to display the noise figure and/or gain curves from a swept
measurement.

The curves are drawn on a calibrated display. The oscilloscope display
is not calibrated until Special Function 7.1 and the oscilloscope gain
controls have been used. The Scalar Analyzer provides a means of
seeing what a plotter output will look like before a plot is done.

k. Connect the HP-IB connector of the HP 8757 Scalar Analyzer to the SYSTEM
INTERFACE BUS connector of the Noise Figure Meter.

NOTE
In this configuration the HP-IB connector of the Scalar Analyzer is
unavailable for other purposes.

1. Verify that the address set by Special Function 47.4 is the same as the address of

the Scalar Analyzer. The default address for Special Function 47.4 and the Scalar
Analyzer is 16.

m. Enable a plot to the Scalar Analyzer using Special Function 47.2.

n. The Noise Figure Meter can be set to allow a specific number of measurement
frequencies between each refresh of the Scalar Analyzer display. Special Function 47.5
is used to enter the number of measurement frequencies between each display refresh,
and the number of measurement frequencies between each refresh can be set from 0 to

255. The defaultis 0. A default of zero means that the display will be refreshed at the end
of each sweep.

NOTE
The time that is required to complete a swept measurement is indirectly
proportional to the number of measurement frequencies between each
refresh of the display.
To enter the number of measurement frequencies between each display
refresh, press 47.5 SPECIAL FUNCTION, key in the number desired
and press ENTER.

NOTE
In the following steps it is assumed that the DUT has a noise figure

range of 0.5 to 4 dB and a gain range of 0 to 25 dB over the specified
frequency range.

The 7.X series of special functions, that apply to an oscilloscope, can
still be used with the Scalar Analyzer. There is one exception, Special
Function 7.1 is not applicable to the Scalar Analyzer, and if Special
Function 7.1 is used, the output to the Scalar Analyzer is suppressed.
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Operation HP 8970B

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

Example o. To display the noise figure and gain traces on the Scalar Analyzer display, press
{cont’d) 7.0 SPECIAL FUNCTION (or send HP-1B code A0).

p- Todisplay the noise figure lower limitin theleft display, press the front panel key
GRAPHIC SCALE NOISE MIN or press 8.1 SPECIAL FUNCTION (or send HP-IB
code NL). If the left display shows the default value of 0.000 dB, continue with the next

step. If the display shows a different value, press 0 and ENTER (or send HP-IB code
0EN).

q. Todisplay the noise figure upper limitin the left display, press the front panel key
GRAPHIC SCALE NOISE MAX or press 8.2 SPECIAL FUNCTION (or send HP-IB
code NU). The default value is 8.000 dB. To change the upper limit to 4 dB, press 4 and
ENTER (or send HP-IB code 4EN).

r. In a similar manner, use front panel key GRAPHIC SCALE GAIN MIN (8.3
SPECIAL FUNCTION or HP-IB code GL) and front panel key GRAPHIC SCALE
GAIN MAX (8.4 SPECIAL FUNCTION or HP-IB code GU) to display and change the

lower and upper limits of the gain trace. The default values of 0.000 and 40.00 are satis-
factory for this example.

s. To display the corrected swept measurement, press CORRECTED NOISE
FIGURE AND GAIN (or send HP-IB code M2).

t. For a repetitive swept measurement beginning at the start frequency, press
START FREQ and then AUTO (or send HP-IB codes FAW1). Verify the display is
similar to that shown below. There should be a noise figure trace and a gain trace.

HP8470B Noise Figure Meter

4.000 25.00
i /L—-—q
= =
€ =
[l =)
Lo
= YN 8
— o
S \ N =
\\7 //f/ N =
0.000 0.000
300 FREQ. ( 130.0 MHz/DIV ) 1600

Figure 3-17. Swept Measurement on the Scalar Analyzer

3-78



HP 8970B Operation

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

Example u. To stop the sweep press AUTO again (or send HP-IB code W0). Note that a differ-

(cont'd) ent HP-IB code is required to turn off the sweep since this function cannot be toggled
over the HP-IB. Disable commands to the Scalar Analyzer using 47.3 SPECIAL
FUNCTION.

Outputting Data to a Plotter on the System Interface Bus

NOTE
The following Hewlett-Packard plotters can be used with the Noise
Figure Meter: HP 9872B, 74404, 7470A, 74754, 75650A. In general, most
Heuwlett-Packard plotters that use HP-IB and support the common
command core of HP-GL will work with the Noise Figure Meter.

The maximum number of points that can be plotted is 251. If an attempt is made to
plot more than 251 points, error code E39 will appear when Special Function 25X 1s
entered to start the plot. The maximum number of points is determined by the sweep
START FREQ, STOP FREQ and STEP SIZE. Generally the number of points can be
arrived at using the following equation:

TOP FREQ — START FR
Number of plot points = (STO Q BQ + 1
STEP SIZE
) (STOP FREQ — START FREQ)
f the fr = + 1
If the fractional part of STED SIZE

does not equal 0, then add 1.

v. Connect the plotter to the SYSTEM INTERFACE BUS connector on the Noise
Figure Meter.

w. Special Function 47.0 (plotter is on the System Interface Bus) active.

x. The address of the plotter must match the address of the plotter stored in the
Noise Figure Meter. Use Special Function 40.3 (plotter system interface bus address) to
display and change, if necessary, the address of the plotter stored in the Noise Figure
Meter. The default address for the plotter is 5.

NOTE

When the plot starts, Error 45 (E45) will be given if the Noise Figure
Meter can not find the plotter at the address set by Special Function

40.3, the plotter is not turned on or the plotter is not connected to the
SYSTEM INTERFACE BUS connector with an HP-IB cable.

y. The default title of the plot will be HP 8970B Noise Figure Meter. The user can
supply a title using Special Function 25.5. The title is placed at the top of the plot grid
and can be sixty-five (65) characters long. The title is entered with ASCII characters (in
decimal) using the front panel numeric key pad. When using HP-IB, the titleis sent the

way it will appear on the plot. For example, a title would be sent over HP-IB using the
following format:

OUTPUT 708;“WT This would be a title of up to 65 characters.”
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Operation HP 8970B

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

Example z. The pensused to make the plot can be selected using Special Functions 25.3 (noise
and 25.4 (gain curve). The default pens are 1 (noise) and 2 (gain).

aa. Perform a SINGLE or AUTO sweep to gather data for the plot.

NOTE

The plot will be aborted if an HP-IB command is sent to the Noise Figure
Meter or a front panel key is pressed during the plot.

ab. Start the plot by using Special Function 25.0, 25.1 or 25.2.

NOTE
If Special Function 7.1 (test pattern) was selected earlier and Special

Function 25.0,25.1 or 25.2 has been selected, the plotter will not produce
a plot.

If the Noise Figure Meter measurement is UNCORRECTED, the gain
curve will not be plotied.

ac. The plotted traces will be the same as the traces that were displayed on the
oscilloscope.

Outputting Data to a Plotter on the Hewlett-Packard Interface Bus (I HE)

NOTE
The controller should be able to accept a very large string on the order of

1000 to 6000 bytes or more depending on the number of points thatareto
be plotted.

In general, the controller should be able to accept the number of points
as described in the following equation:

P = 1000 + [12 (N)]

P = Number of Points
N = Total Number of Noise Figure and Gain Points

ad. Connectthe controller and the plotter to the HP-IB connector on the Noise Figure
Meter.

ae. Special Function 47.1 (plot data is on HP-IB) must be active.

af. The address of the plotter must match the address that the controller will use later
to send data to the plotter.

. NOTE
If the controller sends a command to the Noise Figure Meter when it is

expecting to have a plot read, the plot is aborted. Hitting a front panel
key also aborts the plot.

When Spectal Function 47.1 is selected and a plot is started, the Noise
Figure Meter’s front panel will display “Plot.” If data is not read from
the Noise Figure Meter, the front panel will continue to display “Plot”
until data is read, the Noise Figure Meter receives an HP-IB command
or a front panel key is pressed.
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HP 8970B Operation

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

. Example ag. The following program example shows how to get data from the Noise Figure
(cont’'d) Meter to the controller and from the controller to the plotter:
NOTE

The program assumes that the address of the Noise Figure Meter is set
to eight and the plotter address is set to five. Also, it is assumed that a
measurement has been made and now it is desired to plot the data.

This program was written in BASIC language 3.0 using the HP 9000
Series 200 Model 236 computer.

10 DIM A$[30000] ISetup a large string for the plot data.
20 OUTPUT 708;"PM” 'Read plot data on HP-IB.

30 OUTPUT 708;"PA” IStart the plot.

40 ENTER 708;A% 1Get the plot data.

50 OUTPUT 705;A% 1Send data to plotter at address 5.

60 END

ah. The plotted traces should be the same as the traces that were displayed on the
oscilloscope.

Plotting Data on an X-Y Recorder

al. ConnecttheX-AXIS, Y-AXIS, and Z-AXIS outputs from the Noise Figure Meter to
. the X, Y, and pen lifts inputs of the X-Y recorder. Select DC mode on all recorder inputs.

aj. To adjustthelower left point on the recorder, press 20.0 SPECIAL FUNCTION
(or send HP-IB code LL) and adjust the X and Y zero-set controls on the recorder.

ak. To adjusttheupperright pointon therecorder, press21.0 SPECTALFUNCTION
(or.send HP-IB code UR) and adjust the X and Y vernier controls on the recorder.

NOTE

The X-AXIS and Y-AXIS output voltages from the Noise Figure Meter
vary from 0 to 6V. Therefore, it may be necessary to adjust the recorder
to accommodate this range of voltages.

al. Check both the upper and lower limits on the recorder and readjust as required.

am. To plot a single sweep of the noise figure results, press 2 2 . 0 SPECIAL
FUNCTION and then SINGLE (or send HP-IB codes A4W2). When the single sweep is
complete, the Noise Figure Meter remains tuned to the stop frequency.

an. To plot asingle sweep of the gain results, press 23.0SPECIALFUNCTION and
then SINGLE (or send HP-IB codes ASW2). When the single sweep is complete, the
Noise Figure Meter remains tuned to the stop frequency.

ao. The plotted traces should be similar to the traces that were displayed on the
oscilloscope.
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Operation HP 8970B

Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

Program For HP-IB codes, refer to Procedure.
Codes
Comments For the oscilloscope, recorder and plotter modes, whatever is displayed in the NOISE

FIGURE display is treated as a noise figure trace. For example, if Special Function 91s
active, the power measurement information displayed is output to the oscilloscope,
recorder or plotter as if it were noise figure information. Noise figure is displayed in the
units selected by Special Function 10 and gain is displayed in dB.

Special Function 8 or the front panel Graphic Scale Keys are used to set both noise
figure and gain limits.

Special Function 24 selects the strip chart mode. This mode is useful in plotting noise
figure and gain versus time. For example, it can be used to plot noise figure versus
emitter current on an X-Y recorder or to drive an external meter. The X-AXIS outputis
the noise figure information and the Y-AXIS output is the gain information.

Related Display Units Selection

Sections Measurement Modes 1.0 through 1.9
Special Functions
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HP 8970B

Description

Operation

Display Control

(Special Function 16)

Special Function 16 allows the user to select the kind of information that will beshown
by the left front panel display or to disable the front panel displays.

Special Function 16.0 enables the left display to display the measurement frequency. In
this mode the front panel displays function normally.

Special Function 16.1 enables the left display to display the IF into the Noise Figure
Meter (Measurement Modes 1.1 through 1.4) or the IF into the Noise Figure Test Set
(Measurement Modes 1.5 through 1.9). Special Function 16.1 is particularly useful in
Measurement Modes 1.2 and 1.7. In these modes the left display normally displays the
measurement frequency before it has been down converted. With Special Function 16.1
the IF into the Noise Figure Meter or Noise Figure Test Set is displayed.

Special Function 16.2 blanks the left (frequency) display. In this mode, parameters
being displayed or changed are shown in the left display until the ENTER or
FREQUENCY key is pressed. When the START FREQ or STOP FREQ key is pressed,
the start and stop frequencies are displayed. Once the start and stop frequencies have
been entered, press the FREQUENCY key to blank the left display again. The left
display is blank during a SINGLE or AUTO sweep.

Special Function 16.3 blanks all the front panel displays. The displays are not updated.
The message dISP Off is displayed in the right displays. The Noise Figure Meter runs
slightly faster in this mode.

To select one of the Display Control special functions, key in the special function
desired and then press the SPECIAL FUNCTION key.

== s 2 g
= L5 | B = 8 e8| = e
Sz | S| Eg | EE| =S| 8
2 os | s= | SE|BE| 2
Special Function Program | &g | EE | 28| S8 | £E8 | =B
cole |Z2E | EBES| S| E€S|EF| 82
55| 82| 8 2o | B2 | 8o
Description Code | (EEE) | S S| SE| 85| &3 | &8 | &
Measurement 16.0 DF or N Y Y On On On
frequency is 16.05P
displayed
InputIF is 16.1 Dlor N Y Y Off Off Off
displayed 16.1SP
Measurement 16.2 BF or N Y Y Off | Off | Off
frequency is not 16.2SP
displayed
Front panel 16.3 BA or N Y Y Off | Off | Off
displays are 16.3SP
disabled
1Table categories are explained in the Special Function Detailed Operating Instruction.
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Operation

Example

Program
Codes

| HP-1B 2

Related
Sections
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Display Control (contd)
(Special Function 16)

To blank the left (frequency) display:

HP 8970B

LOCAL - Code -~ o FUNCHON o,
erse DEOE (o)
BF
(program codes)

For HP-IB codes, refer to the Procedure above.

Measurement Modes 1.1 through 1.9




HP 8970B

Description

Procedure

Display Resolution
(Includes Special Function 12)

Operation

The Noise Figure Meter can vary theresolution of the INSERTION GAIN and NOISE

FIGURE displays.

The table below shows the maximum resolution (to the right of the decimal point)
allowed by Special Function 12.

12.08P Maximum 12.1SP Less Resolution | 12.2SP Less Resolution
Display Resolution on NGISE FIGURE on GAIN
NOISE FIGURE
FdB dd.dd dd.d
F d.ddd d.dd
YdB dd.dd dd.d
Y d.ddd d.dd
Te K ddd.d ddd
INSERTION GAIN
dB dd.dd dd.d

To select the desired display resolution, key in the corresponding Special Function code

and then press the SPECIAL FUNCTION key.

== = :_?_ e =
Ex | EE|Ee2 |EE (S5 | 25
. . s = = E= | FE | =8 S =
Special Function Program | & £ 5 = |28 |2 | =3 -}
e |£5 | B5 SS |52 | EE|ES
Description Code | G 25 1 ZE|SE|&88 £5 | &3
Maximum resolution | 12.0 X0 or N Y N On On On
for both INSER- 12.0S8P
TION GAIN and
NOISE FIGURE
displays
Less resolution on 12.1 X1or N Y N Off Off Ooff
NOISE FIGURE 12.1 SP
display
Less resolution on 12.2 X2 or N Y N Off Off Off
INSERTION GAIN 12.28P
display
1Table categories are explained in the Special Function Detailed Operation Instruction.
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Example

Program
Codes

| HP-1B 2

Indications
Comments

Related
Sections
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HP 8970B

Display Resolution (contd)
(Includes Special Function 12)

To have less resolution in the NOISE FIGURE display:

LOCAL - Cﬂde — FFUnCtion—\
(keystrokes)
OEEGE) (o)
L HP-IB 4 X1
(program codes)

For HP-IB program codes, refer to Procedure above.

The NOISE FIGURE and INSERTION GAIN displays reflect the resolution corres-
ponding to the selected Special Function.

Special Function 12 also affects the resolution of the HP-IB output. The HP-IB output .
always has one digit more of resolution than the front panel displays.

Display Units Selection
Special Functions




HP 8970B

Description

Procedure

Example

Program
Codes

L HP-15

indications

Comments

Operation

Display Units Selection
(Special Function 10)

Noise measurements can be output in the following display units:
a. noise figure in dB (F dB)
b. noise figure as a ratio (F)
c. Y factor in dB (Y dB)
d. Y factor as a ratio (Y)
e. equivalent input noise temperature in kelvins (Te K)

To select a NOISE FIGURE display unit, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

- = E 2E | s
5. 2 | Bo |28 | =S| B8
e o6 52| ES | =8| EL
; ; ex " | =T |25 =EE | 2E
Special Funclion Program #E | |8 |8 | SS | =8
Code g5 |B8 | 2= |88 |§5 |88
. o 5 s = 2o =] S
Description Code @ SF|H=E | S8 | #s | a6 o
FdB 10.0 NO or 10.0SP N Y Y On On On
F 10.1 N1 or 10.1SP N Y Y Off Off Off
Y dB 10.2 | N2or10.28P N Y Y Off Off Off
Y 10.3 | N3 or 10.3SP N Y Y Off Off Off
TeK 104 N4 or 10.4SP N Y Y Off Off Off
1Table categories are explained in the Special Function Detailed Operation Instruction.
To have measured noise displayed as Y factor in dB:
LOCAL o Code .~ o FUNCLON wom,
[keystrokes) '
DEEE (o)
L HP-1B 2
(program codes) N2

For HP-IB program codes, refer to Procedure above.

The selected display unit appears on the right side of the NOISE FIGURE display.
Special Function 10 has no effect on the INSERTION GAIN display.

39 dB is the maximum value that can be displayed in units of FdB. Readings above this
value cause the NOISE FIGURE display to show tweo dashes “ — — . The smoothed
number is the value that is checked against 32 dB. Therefore, if the display is flashing
between approximately 30 dB and “——7, increasing the smoothing may provide a
stable display if the noise figure is less than 32 dB.

The maximum value allowable for Te K is 9999K (noise figure of 15.5 dB).
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Operation HP 8970B

Display Units Selection (contd)
(Special Function 10)

Comments The maximum value allowable for F is 9999 (noise figure of approximately 40 dB). l
(cont’d)

Equations for the display units are as follows:

noise power added by DUT + noise power out due to source

noise power out due to source
(when the source is a 290K)

F(dB)=101log F

power measured with noise source On

power measured with noise source Off

Y(dB)=10log ¥

Thot = Y X Teoa
Y1

Te=

where: T is the equivalent temperature of the noise source when it is On
and

Teou is the equivalent temperature of the noise source when it is Off.

Related Display Resolution .

Sections Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)
Smoothing
Special Functions
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. Description

HP 8970B

Procedure

Operation

ENR Table Entry

The ENR key is used to store, recall or display an ENR (Excess Noise Ratio) table. The
Noise Figure Meter can store the ENR tables for five noise sources. Each table can
have up to thirty-five frequency/ENR pairs. This information is used to improve the
accuracy of the noise figure and gain calculations made by the Noise Figure Meter.
The information entered is the actual Excess Noise Ratio (ENR) value at the specified
frequency. All noise sources have this calibration information available. In the case
of the HP 346A, B and C Noise Sources, a separate printout is supplied, and a graph or
table is printed on the side of the Noise Source showing the ENR versus Frequency
data. The frequency/ENR pairs shown on the printout or graph are the values that
are entered into one of the ENR tables. The valid frequency range for entries is from 10
MHz to 99999 MHz. The valid power range for the ENR entries is from —6 to +50 dB.

During a measurement the Noise Figure Meter searches the ENR table until the
measurement frequency is found. If the measurement frequency is between ENR table
entries, the Noise Figure Meter will interpolate the ENR data. If the measurement
frequency is higher than the highest table entry, the Noise Figure Meter will use the
ENR value of the highest table entry. If the measurement frequency is lower than the
lowest table entry, the Noise Figure Meter will use the ENR value of the lowest table
entry. When power is initially applied to the Noise Figure Meter, the ENR table
contains the default value of 15.20 dB at all frequency points. After an ENR table is
entered for a specific noise source, this information is retained in the continuous
memory and need not be re-entered each time power is turned off and on.

This discussion will cover the following areas:

¢ Entering a new ENR (Excess Noise Ratio) table
e Editing an ENR table

e Viewing information on stored ENR tables

NOTE
The Noise Figure Meter has five tables (Tables 0-4) that are used for
ENR data. Tables 1-4 are used to store ENR data. Table 0 contains the
ENR data that is currently being used. Information in Table 0 can be
stored to Tables 1-4. Information in Tables 1-4 can berecalled to Table 0.

If ENR data has not been previously entered into any of the tables (as
with a new Noise Figure Meter), the tables will contain the following
default information: The frequency points will be 10, 100, 1000 through
26000 (every 1000 MHz) and 26500 MHz. There won’t be any default fre-

quencies after the thirty-first (31) table entry. The ENR value will be
15.20 dB for each frequency point.

Setting the ENR Source Identifier.

NOTE

The ENR source identifier is a unique number used to identify the Noise
Source associated with one of the stored ENR tables. The ENR source
identifier should be set before the ENR data is entered into the table. Ifa
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ENR Table Entry (cont'd)

table other than Table 0 is to be edited, that table will have to be
recalled into Table 0, before the table can be edited. ENR editing is
always done to Table 0. To recall a table, key in the following sequence:

RECALLENR X

X is the number of the table (1—4) to be recalled. Rcl will appear in the
INSERTION GAIN display and Enr will appear in the NOISE FIG-
URE display. After the table number is keyed in, the displays return to
what they were displaying before the recall.

1. Press 5.5 SPECIAL FUNCTION. A five digit number will appear in the left
display; if the number is less than five digits, leading zeros will be added to the
number. In either case, five digits will be displayed. This number is used to
identify the Noise Source associated with the ENR table currently in Table 0. The

last five digits of the Noise Source serial number are suggested as the number to
use as the identifier.

With Special Function 5.5 activated, key in the new identifier. The number will
begin to appear in the left display; press ENTER. The values in the other two
displays are dependent on what action the Noise Figure Meter is performing and
are not affected by the entering of the Noise Source identifier.

Entering or Editing an ENR table
NOTES

The following procedure describes how to enter a new ENR table. The
same procedure is used if an existing ENR table is being edited.

The following discussion describes four keys used to look at data, enter
data or edit date in an ENR table after the ENR key has been pressed.

e The UP ARROW and DOWN ARROW allow the user to scroll be-
tween ENR tables (Special Function 5.6) or to scroll through infor-
mation within a table (ENR Editing).

o The DECREASE key is used to delete an ENR entry. Press the
DECREASE key and the frequency currently being displayed is
deleted. This key is very helpful in deleting unwanted default
frequencies.

e The INCREASE key is used to insert a new ENR entry before the
ENR data currently being displayed. After pressing INCREASE the
ENR table entry number, in the NOISE FIGURE display, will be
the same number that was displayed before the INCREASE key
was pressed. The INSERTION GAIN display will show an ENR of
15.2 dB. The left display will show a frequency that is the average of
the old frequencies that surround the new entry. The new frequency

and ENR value can be entered using the procedure in steps 2
through 4.

If data is read, over the Hewlett-Packard Interface Bus, from the
Noise Figure Meter during ENR Table Entry, the Noise Figure Meter
will output a special HP-IB code for the NOISE FIGURE window. For
more information about this special HP-IB code, refer to the Error
Messages and Recovery Detailed Operating Instruction.
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Operation

ENR Table Entry (cont'd)

1. If a new ENR table is being entered, go to step 2. If an existing ENR table is to be

edited, continue with this step.

If the table to be edited is not in Table 0, the table will have to be recalled. Use the
following key sequence to recall an existing ENR table:

RECALL ENR X

X is the number of the table (1--4) to be recalled.

When doing a recall, rcl appears in the INSERTION GAIN display and Enr
appears in the NOISE FIGURE display. When the table number is keyed in, the
displays return to what they were displaying before the recall was done.

Press the ENR key. The displays will be as shown below:

FFFF | EEEE | T-NN

FFFF is the first frequency in Table 0. EEEE is the ENR for the first frequency in
Table 0. T is the ENR table number (in this case 0). NN is the ENR table entry
number (1 through 35).

NOTE

When editing, T is the number of the most recently recalled table. T
will be zero if a change has been made to the table after it was recalled.

The MHz annunciator in the left display will be blinking. This indicates that the
frequency can be changed, if desired. To change the frequency, key in the new
frequency and press ENTER. The new frequency will appear as it is typed. If an
error is made before ENTER is pressed, press NOISE FIGURE. This will return
the original frequency to the display. The new frequency can then be re-entered. If
an error was made after ENTER was pressed, press DOWN ARROW and then UP
ARROW. The MHz annunciator in the left display will begin blinking indicating
that the frequency can be changed. If the default frequency is being used, press
ENTER. In either case, pressing ENTER will cause the dB annunciator in the
INSERTION GAIN display to begin blinking.

The blinking dB annunciator indicates that the ENR value can be changed, if
desired. To change the ENR value, key in the new value and press ENTER. The
new ENR value will appear as it is typed. With one exception, the error recovery
procedure is the same as that described for frequency in step 3. If the error is made
after ENTER is pressed, press DOWN ARROW and ENTER. Then re-enter the
ENR value. If the default ENR value is being used, press ENTER. In either case,
pressing ENTER will cause the MHz annunciator in the left display to begin
blinking and the next entry in the table will be displayed.

Once the frequency and the ENR value have been entered, the ENR table entry
number, in the NOISE FIGURE display, will increase by one. If any values have
been entered, the ENR table number will be set to zero.
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ENR Table Entry (contd)

5. Repeat steps 3 and 4 as needed to make all ENR table entries.

6. After all frequencies and ENR values have been entered, the information must be
stored to Table 1, 2, 3 or 4. If the information is not stored, it will be lost the next time
one of the tables (T'ables 1-4) isrecalled to Table 0. The store procedure will save the
Noise Source identifier and the ENR data.

7. To store the information, key in the following sequence:

STORE ENR X

X is the number of the table (1—4) where the information is stored.

When a storeis keyed in, the INSERTION GAIN display shows Sto and the NOISE
FIGURE display shows Enr. After the table number is entered, the displays return
to what they were previously displaying.

8. Toterminate ENR table entry mode, press FREQUENCY or send HP-1B code FR.
Viewing Information on Stored ENR Tables

Press 5.6 Special Function. This special function will cause the following information
to be displayed:

1111 T-NN

1111 is the ENR source identifier. T is the ENR table number. NN is the number of
entries in the table. The INSERTION GAIN display does not have any information
displayed in this mode.

Information on other tables can be viewed by using the UP ARROW and DOWN
ARROW keys.

NOTE

Ifdata is read, over the Hewlett-Packard Interface Bus, from the Noise
Figure Meter when Special Function 5.6 (HP-1IB code NS) is active,
the Noise Figure Meter will output a special HP-IB code for the
NOISE FIGURE window. For more information about this special

HP-IB code, refer to the Error Messages and Recovery Detailed
Operation Instruction.

Pressing ENTER causes the Noise Figure Meter to resume normal measurement mode.
The HP-IB code to enable ENR table entry is NR. The HP-IB code for Special Function

5.5 (Noise Source identifier) is SN. The HP-IB code for Special Function 5.6 (Noise
Source catalog) is NS.

The following program is an example of how to download an ENR table into the Noise
Figure Meter:
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Operation

ENR Table Entry (contd)

NOTE

This program example was written in BASIC language 3.0 using the HP
9000 Series 200 Model 236 computer.

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220

DIM Freq(5,40),Enr(5,40)

Nfm=708 IAddress of the Noise Figure Meter
N=20 INumber for frequency/ENR pairs.
DATA 10,15.20,100,15.40,1000,15.20,2000,15.2,3000,15.00

DATA 4000,15.00,5000,15.10,6000,15.20,7000,15.20,8000,15.30

DATA 9000,15.40,10000,15.50,11000,15.60,12000,15.60,

DATA 13000,15.45,14000,15.50,15000,15.35,16000,15.30,

DATA 17000,15.30,18000,15.30

=1
FORI=1 TON IFILL UP A TABLE
READ Freq(T,I) IREAD FREQUENCY VALUE
READ Enr(T 1) 'READ ENR VALUE
NEXT |
QUTPUT Nfm;“NR" 1GO INTO ENR EDIT MODE
FORI=1 TON ISEND THE ENR TABLE

OUTPUT Nfm;Freq(T,1):;"EN";Enc(T,1);"EN"

PRINT “SENDING FREQ/ENR VALUES OF: ";Freq(T.I),Enr(T,I)
NEXT |
QUTPUT Nfm;“FR" 1END ENR ENTRY
PRINT
PRINT “DONE DOWNLOADING THE ENR TABLE.”
END

The ENR tableis used during both UNCORRECTED NOISE FIGURE measurements
and CORRECTED NOISE FIGURE AND GAIN measurements.

The specific ENR vs. frequency data that is used is determined by the stimulus

frequency
Modes 1.0

and the measurement mode that has been selected. Refer to Measurement
through 1.9 Detailed Operating Instructions for additional information.

Special Function 0.9 or PRESET has no effect on data stored in the ENR tables.

Special Function 0.9 or PRESET sets Table 0 as the table that is used for calibration

and the m

easurement.

Measurement Modes 1.0 through 1.9
Spot ENR, Tha, Tead and ENR Table Selection.
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. Description

HB-IB Output
Format

| HP-15 4

Operation

Error Messages and Recovery

The instrument generates error messages to indicate operating problems, incorrect
keyboard entries, or service-related problems. The error message is cleared when the
error condition is removed. The error messages are grouped by error code as follows:

Error 10 through Error 49 and Error 106. These are operating and entry errors which
indicate that not all conditions have been met to assure a calibrated measurement, or
that an invalid keyboard or HP-IB entry has been made. Operating errors can usually
be cleared by using the front panel controls, changing the equipment setup, or correct-
ing the HP-IB code. Entry errors require that a new keyboard entry or function selection
be made. A number of errors in this group may represent instrument malfunctions. The
operator should try to clear the error condition using the corrective actions shownin the
table below before referring the unit for service.

Error 60 through Error 80. These are service errors which provide service-related
information. Service errors are discussed in Section VIII of the Service Manual.

Error 100 through Error 105, These are Noise Figure Test Set operational and service
€rrors.

Errors may also be classified as volatile or nonvolatile.

Nonvolatile errors typically occur when the instrument has received conflicting
commands from the operator. The instrument stops making measurements and waits
for the conflict to be resolved by the operator. An example of this type of conflict is
selecting a corrected measurement when a calibration has not been performed. All
hardware errors are also nonvolatile.

Volatile errors typically represent invalid entries of either frequency, special function
codes, numerical data, or HP-IB characters. Volatile errors are cleared when a front
panel key is pressed or when a serial poll is performed over the HP-IB. Upon clearing a
volatile error, theinvalid entry isignored by the instrument and measurements resume
as if the entry was never received.

The last volatile or nonvolatile error generated can be displayed using Special
Function 99.1 (HP-IB code ER). The error may already be resolved or can be active.
When the error is requested over HP-IB, the error will be displayed using the error code
or can be displayed in English. Using the English display, an error code does not have
to be interpreted. The Comments section, at the end of this instruction, contains a
program for displaying the error in English.

The HP-IB output format for errors is:

+90DDDE+06CRLF
Fixed Data—_r -[Line Feed
Error Code l..Carriage Return
L__ Fixed Exponent

For example, Error 10is output to the HP-IB as 4+90010E+06CRLF. This format differs
from normal data outputs since normal data outputs will never exceed 1 x 10°. Oncean
error has been input to the computing controller, the error code is simply derived by
subtracting 9 x 10 from the input number, and then dividing the result by 1 000 000.
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Error Messages and Recovery (contd)

Special Codes Over HP-IB. When a read of the Noise Figure Meter is attempted during
the following operations: ENR editing, ENR catalog, Noise Figure Test Set Coarse or
Fine Tuning Calibration, the Noise Figure Meter will output special HP-IB codes for the
NOISE FIGURE window. The special HP-IB codes are given below:

ENR Editing +80TNNE+06
Fixed Data I l _E Fixed Exponent
ENR Table Number ENR Table Entry Number
ENR Catalog +80TNNE+06

Fixed Data | I —E Fixed Exponent
ENR Table Number ENR Table Entry Number or

Entries in Table

Noise Figure Test Set
Fine Tuning Calibration: +80363E+06

Fixed Data J_ —I__ Fixed Exponent

Special Function number for a
Fine Tuning Calibration

Noise Figure Test Set
Coarse Tuning Calibration: +80640E+06

Fixed Data —EFixed Exponent

Special Function number for a
Coarse Tuning Calibration

One purpose for these special codes would be to read back from the Noise Figure Meter
until the codes stop being sent, which would mean the task is complete. This would be
useful when doing a coarse of fine tune calibration.

Timeouts should not be used with these special codes. If a timeout is used, it should be at
least sixty seconds. Thisis necessary because it may take the Noise Figure Meter many

seconds to set up the special code for output. This is the case for coarse and fine tune
calibration.

There are three types of error displays. All three use the format shown above to output
the error message to the HP-IB. The following examples illustrate each type:

The display above shows the general error display format. E means error while the
number is the error code.
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Operation

Error Messages and Recovery (contd)

Error
Displays
(cont'd)
This display indicates that a measurement overflow has occurred or that the measured
noise figure exceeds 32 dB. This display is output to the HP-IB as E99 using the HP-IB
output format 90099E+06CRLEF.
The display above indicates that the data is not ready. This display is output to the
HP-IB as a special reserved number (90000E+06CRLEF).
Error The table below describes all operating and entry errors. The error code, message, and
Messages the action typically required to remove the error-causing condition are given. Addi-
' tional information pertaining to particular errors is also given.
Error | Volatile (V) or .
Code | Nonvalatile (NV) Message Recommended Action/Comments
Hardware Error
. General Remedy: Press PRESET and check that input signal is within the specified
amplitude and frequency range.

10 NV A/D conver- Refer to Service-Related Errors in Section VIII,
sion failed. Service.!

11 NV A/Dconverter | Set IF and RF attenuators to autorange (Special
overflow. Functions 70.0 and 60.0). If error persists, refer

to Service-Related Errors in Section VIII,
Service.! Also check for proper operation of the
Noise Source.

12 NV Input Set RF attenuators to autorange (Special

overflow. Function 60.0). If error persists, refer to Service-
Related Errors in Section VIII, Service.!

13 NV IF attenuator | Refer tothe Calibration, IF Attenuators Detailed
calibration Operating Instruction. If exror persists, refer to
failed. Service-Related Errors in Section VIII, Service.!

14 NV Praper IF or Refer to Service-Related Errors in Section VIII,
RF attenua- Service.!
tors cannot be
selected.

. 1 Section VIIL, Service, is in the Service Manual. The part number of the Service Manualis on the title page of this manual.
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Error Messages and Recovery (contd)

Error | Volatile [V) or .
Code | Nonvalatile {NV) Message Recommended Action/Comments
Hardware Error {cont'd)
18 NV Frequency calibration failed. | Refer to Service-Related Errors in
Section VIII, Service.l

19 NV Noise Figure Test Set YIG Refer to the Comments section at
Filter calibration (coarse or the end of this instruction.
fine) failed.

Not Properly Calibrated For Corrected Measurement
General Remedy: Repeat calibration.
20 NV Not calibrated. Perform calibration prior to select-
ing CORRECTED NOISE FIGURE
AND GAIN measurement.

21 NV Current frequency is out of Select frequency within ealibrated
calibrated range or not a range, calibrate over a new fre-
calibrated point in Modes quency range, or refer to Special
1.5—1.9 Funetion 39, in Modes 1.5—1.9.

22 NV Current RF attenuation not | Select appropriate input gain
calibrated calibration range (Special

Function 32).

23 NV Not calibrated in the current | Perform calibration in current
measurement and sideband | measurement and sideband modes.
modes.

24 NV Not calibrated for the Perform calibration. (Changing
current IF (Measurement any IF requires recalibration; refer
Modes 1.1, 1.3, 1.6 and 1.8). to Special Functions 3 and 19.)

25 NV Not calibrated for the cur- Perform calibration. (Changing
rent LO frequency (Meas- the LO frequency requires
urement Mode 1.2 and 1.7). recalibration; refer to Special

Function 3.)
26 NV Internal IF attenuators not Refer to the Calibration, IF
calibrated. Attenuators Detailed Operating
Instruction.
27 NV Overflow while calibrating. | Too much loss in calibration sys-
tem. Check input gain calibration
setting (Special Function 32).
Check for proper Noise Source
1 Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual. .




HP 8970B

Operation

Error Messages and Recovery (contd)

Error
Messages
(cont’d)

Error
Code

Volatile [V) or
Nonvolatile [NV)

Message

Recommended Action/Comments

t Properly Calibrated For Corrected

Measurement (cont'd)

28

29

NV

Noise Figure Test Set fine
tuning calibration is needed.

Noise Figure Test Set coarse
tuning calibration is needed.

operation. Verify that the Noise
Source can supply enough ENR
(Excess Noise Ratio). Refer to
comments.

Refer to the Comments section at
the end of this instruction and the
Noise Figure Test Set YIG Filter
Calibration Detailed Operating
Instruction.

Refer to the Comments section at
the end of this instruction and the
Noise Figure Test Set Y1G Filter
Calibration Detailed Operating
Instruction.

Invalid Frequency Error

General Remedy: Change frequency parameter and repeat measurement.

30

31

32

33

\Y%

Start frequency is greater
than stop frequency during
calibration or plot. Or, the
lower limit is greater than
the upper limit (noise or
gain) during sweep.

Number of calibration points
exceeds 181,

LO (set by Special Function
3.1) frequency will be out of
range,

IF into Noise Figure Meter
will be out of range.

Set start frequency (or lower limit)
to a value less than the stop
frequency (or upper limit).

Reduce the number of calibration
points. (Reduce calibration range
or increase step size.)

Change IF, START FREQ, STOP
FREQ, or sideband selection so
that system LO does not tune
through 0 MHz.

If single sideband has been selected,
change START FREQ, STOP FREQ,
or LO (set by Special Function 3.1) fre-
quency so that the difference between
the LO (set by Special Function 3.1)
frequency and the start or stop frequen--
cy is greater than 10 MHz and less than
1600 MHz; 2047 MHz, opt 020’
(modes 1.1 to 1.4) or
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Error

Volatile (V) or

Code | Nonvolatite (NV) Message Recommendad Action/Comments
Invalid Frequency Error (cont’d)
26500 MHz (1.6 to 1.9).
If sum function (Special Function 2.3)
is being used, change START FREQ
or LO (set by Special Function 3.1) fre-
quency so that LO plus START or
STOP FREQ is within 10 - 1600 MHz
(2047 MHz, opt 020) range.
34 NV Double sideband is not Use single sideband (Special
allowed in Measurement Function 2.1—2.3) with
Modes 1.2 or 1.7. Measurement Modes 1.2 or 1.7.
Entry Error
General Remedy: Check and repeat entry.
35 v Entered valueis out of range. | Re-enter new value.
36 v Undefined special function. | Check, then re-enter correct
special function code,
37 Vv Cannot enter specified Select proper function that
parameter. allows entry of this parameter.
38 v Noise Figure Test Set IF Refer to the Comments section at
will be out of range. the end of this instruction.
39 v The number of plot points Change START FREQ, STOP
exceeds 251. FREQ or STEP SIZE to reduce
the number of plot points below
251, Also, refer to the Data Qut-
put to Oscilloscopes, Recorders
and Plotters Detailed Operating
Instruction.
QEE) HP-1B Errors
General Remedy: Check and repeat entry.
40 v Undefined HP-IB code. Check, then re-enter correct HP-IB
code.
41 v Invalid HP-IB characters. Check, then re-enter valid HP-IB
characters.
42 NV System Local Oscillator not | Refer to the Comments section at

found on System Interface
Bus with 46.0 SP active.

the end of this instruction.

|
|
|
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Error .
Messages Error aname.lvl or Message Recommended Aclion/Comments
(cont'd) Code | Nonvolatile (NV)
QGEE)  HP-IB Errors (cont'd)
43 A" Codes received while in Talk Only send codes when the instru-
Only Mode (4.25P). ment is addressed to listen.
44 NV Noise Figure Test Set not Refer to the Comments section at
found when 45.0 SP or 45.1 the end of this instruction.
SP is active.
45 NV Plotter was not found on the Refer to the Comments section at
System Interface Bus at the the end of this instruction.
address specified by 40.3 SP.
Or, the HP 8757 Scalar
Analyzer was not found on
the System Interface Bus at
the address specified by
47.45P.
46 NV Pass through device not Refer to the Comments section at
found on the System Inter- the end of this instruction.
face Bus or 40.6 SP set
incorrectly.
47 NV Noise Figure Meter did not The Noise Figure Meter pass
find a controller on the Sys- control capability (Special Func-
. tem Interface Bus while tion 49.1) is not being used, select
passing control. Special Function 49.0. Also, refer
to the comments section at the end
of this instruction.
48 NV Two or more controllers are Refer to the Comments section at
on the System Interface Bus. | the end of this instruction.
Service Errors
60- NV Service-related errors. Refer to Service-Related Errors in
79 Section VIII, Service.'
80 NV Continuous memory failure. Refer to Comments below.
Noise Figure Test Set Errors
100 v Noise Figure Test Set fine Reduce the number of points by
tune table will overflow. changing the START FREQ,
STOP FREQ or STEP SIZE; then,
perform a fine tune calibration.
101 NV Noise Figure Test Set Refer to Section VIII, Service' and
self-test failed. Special Function 98.7.
102 NV Auto sweep was aborted to Start sweep again with SWEEP
protect Noise Figure Test AUTO key. Also, refer to comments.
Set switches.
. ' Section VIIL, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Error | Velatile (V} or .
Code | Nonvolatile [NV} Message Recommended Action/Comments
Noise Figure Test Set Errors (cont'd)

103 NV Noise Figure Test Set cannot | Select Special Function 17.1.
perform a single sideband
measurement at this
frequency.

104 NV Interpolating across the Ensure that the frequency of
Noise Figure Test Set’s interest is a calibrated point.
bands is not permitted.

105 NV The YIG filter temperature | Repeat the procedure that was
control loop will not lock, used prior to error E105 .bemg
inside the Noise Figure Test generated. Refer to Section VIII,
Set. Service,! for the Noise Figure

Meter or the Noise Figure Test Set.

106 NV Uses selected LO not See chapter 3

on the SIB Special Functions 96.N

Error code E19 can be generated for either a coarse or fine tuning calibration of the
Noise Figure Test Set. Check all cables and ensure that the LOINPUT, RFINPUT and
IF OUTPUT signal paths have been properly connected. If the error occurs after
another attempted calibration, the Noise Figure Meter is unable to locate the Noise
Figure Test Set’s YIG filter passband.

If a fine tune calibration is being performed, a coarse tune calibration may be needed. A
coarse tune calibration is needed when the Noise Figure Measurement System is
initially put together and the system local oscillator is a sweeper or if repairs are done to
the Noise Figure Test Set. Also, if a fine tune calibration is being performed, loss after
the Noise Source can cause this error. Some calibration setups, with loss between the
Noise Source and the Noise Figure Test Set, may require the use of a preamplifier. It is
possible to do a fine tuning calibration with the Noise Source connected directly to the
Noise Figure Test Set’s INPUT, if a preamplifier is not available. The Noise Source
should have at least 12 dB ENR (Excess Noise Ratio) for a fine tuning calibration
without a preamplifier. For additional information, refer to the Noise Figure Test Set
YIG Filter Calibration Detailed Operating Instruction.

Error code E21 is generated if the current frequency is out of the calibrated
measurement range. In Measurement Modes 1.5 through 1.9 the current frequency may
be in the calibrated measurement range, but the frequency may not be an actual
calibrated frequency. Since corrected measurements are very susceptible to small
changes in the system noise figure, it is not advisable to expect good data between
calibration points, especially if the points are separated by many megahertz.

Also, because of discontinuities in the band crossings of the Noise Figure Test Set, the
Noise Figure Meter cannot interpolate across the Noise Figure Test Set’s band
crossings. Forinstance, when one calibration pointisin SSB1 and anotherisin SSB2,
a corrected measurement of noise figure and gain would not yield a valid data point

that did not require interpolating calibration data for a frequency between the two
calibration points.

1 Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.




HP 8970B

Comments
(cont’d)

Operation

Error Messages and Recovery (cont'd)

Special Function 39.1 can be used to disable E21, for interpolated calibration data.
Special Function 39.0 (default after a PRESET) enables E21.

Error code E27 usually occurs because the noise figure of the measurement system is
too high during the calibration of the third input gain setting at one or more calibration
frequency. Either a HP 346B or HP 346C Noise Source is needed for the calibration
of an HP 8971C Option 002. The HP 346A will work with the HP 8971C Standard
or HP 8971C Option 001. But, the HP 8971C Option 002 requires the addition of
approximately 10 dB of gain between the Noise Source and the Noise Figure Meter
INPUT connector. Consider the error code as only a warning, and that the ability of
the instrument to make valid measurements is most likely not impaired.

If error code E22 occurs during the actual measurement, do one of the following:
1. Increase the instrument’s smoothing factor and try to recalibrate.

2. The DUT probably has 30 dB or more of gain, causing the Noise Figure Meter to use
the attenuator setting of the third calibration setting. Attach a 10 dB attenuator

to the output of the DUT and use special functions 34.3, 34.4, and 34.1 to correct
for the loss.

3. Add a preamp to the measurement system and recalibrate.

Error code E28 is generated when the Noise Figure Test Set needs a fine tuning
calibration for the current set of frequencies defined by START FREQ, STOP FREQ
and STEP SIZE. The calibration can be performed using Special Function 36.3. If a
point between those defined by START FREQ, STOP FREQ and STEP SIZE needs to

be fine tuned, Special Function 36.4 can be used. The error could have been generated
due to the following reasons:

¢ The YIG filter, in the Noise Figure Test Set, has not been fine tuned at the current
frequency and coarse tune data is being used.

o The current frequency of the Noise Figure Test Set YIG filter has been interpolated
from the fine tuning calibration data.

¢ The Noise Figure Test Set has been fine tuned, but the temperature has drifted
more than five degrees centigrade, since the last Fine Tuning Calibration. The YIG
heater loop must be reset and new fine tuning data gathered. Use Special Function
36.3 to reset the heater loop and gather the new fine tune data.

Usually, the solution to error twenty-eight (E28) is to perform a Fine Tuning
Calibration using Special Function 36.3.

Error code E29 is generated if a Noise Figure Test Set coarse tuning calibration is
required before making a single sideband measurement within the frequency range of
2401 to 26500 MHz. Special Function 64.0 (refer to the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction) must be performed. The Noise
Source (HP 346B or HP 346C) must have an ENR (Excess Noise Ratio) of at least 12
dB from 2401 to 26500 MHz to coarse calibrate an HP 8971C Option 002.

Error code E38 is generated when the signal being input to the Noise Figure Test Set
does not fall between 10 to 26500 MHz. Check the parameter (START FREQ, STOP
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Error Messages and Recovery (contd)

FREQ, STEP SIZE, Special Functions 3.0 or 3.1 and Special Functions 2.0 through
2.3) that may have caused E38 or do a PRESET and re-enter the parameters. Verify
that the measurement signal falls between 10 to 26500 MHz.

Error code E42 is generated when the System ILocal Oscillator is not found at the
address specified with Special Function 40.1. Verify that the System Local Oscillator
is connected to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-
PACKARD INTERFACE BUS (HP-IB) connector. Also, verify that the address of

the System Local Oscillator is the same address that is specified with Special Function
40.1.

If the Noise Figure Meter is not going to control the System Local Oscillator, error E42
can be eliminated by using Special Function 46.1. Special Function 46.1 is retained
in memory, when the Noise Figure Meter is turned off. The next time it is desired

to have the Noise Figure Meter control the System Local Oscillator, Special Function
46.0 will have to be active.

Error code E44 is generated when the Noise Figure Test Set is not found at the address
specified by Special Function 40.2. Verify that the Noise Figure Test Set is connected
to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-PACKARD
INTERFACE BUS connector.

If the Noise Figure Meter is not going to control the Noise Figure Test Set, Special
Function 45.2 can be selected to avoid E44. The next time it is desired for the Noise

Figure Meter to control the Noise Figure Test Set, Special Function 45.0 or 45.1 will
have to be selected.

Error code E45 is generated when the plotter is not found at the address specified
by Special Function 40.3. Verify that the plotter is connected to the SYSTEM
INTERFACE BUS connector and not to the HEWLETT-PACKARD INTERFACE
BUS connector. Also, verify that the address of the plotter is the same as the address
specified by Special Function 40.3.

This error can also be generated when the HP 8757 Scalar Analyzer is connected
to the System Interface Bus. The error could be a transient situation, which clears
itself in five seconds or so, as a result of the untimely interruption of a Noise Figure
Meter/Scalar Analyzer conversation. The interruption could be caused by pressing
front panel keys or by calculator commands in the middle of a measurement.

H the error doesn’t clear itself, follow the steps outlined in the first paragraph for

the plotter. With one exception, the address of the Scalar Analyzer is specified using
Special Function 47.4.

Error code E46 is generated when the “pass through device” is not found at the address
specified by Special Function 40.6 (or HP-IB code PT). Verify that the “pass through
device” is connected to the SYSTEM INTERFACE BUS connector and not to the
HEWLETT-PACKARD INTERFACE BUS connector. Also, verify that the address
of the “pass through device”, sent with the PT command, is the valid address of the
“pass through device” on the System Interface Bus. The address specified with Special
Function 40.6 must be the same as the address sent with the PT command.
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Error Messages and Recovery (contd)

Comments Error code E47 is generated when the Noise Figure Meter expects to find a controller on

{cont'd) the System Interface Bus and the controller is not found. Error E47 could be caused by
Special Function 49.1 being enabled when it is not desired. If Auto-Pass-Control is not
desired, select Special Function 49.0 to disable Auto-Pass-Control. If Auto-Pass-
Control (Special Function 49.1) should be active, verify, that the other controller is
connected to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-
PACKARD INTERFACE BUS connector. Also, verify that the address of the control-
ler is the same as the address specified by Special Function 40.5.

Error code E48 is generated when the Noise Figure Meter has detected the existence of
another controller on the System Interface Bus; the Noise Figure Meter was told
(Special Function 48.0) that it would be the controller. Verify that a controller is
connected to the HEWLETT-PACKARD INTERFACE BUS connector and not to the
SYSTEM INTERFACE BUS connector.

In systems where there are multiple controllers on the System Interface Bus that are
sharing resources such as a local oscillator or a plotter, only one of the controllers
should be enabled to be the system controller or active controller at any given time.
Verify that the other controllers are not set to be the system controller, at turn-on. If the
Noise Figure Meter has been told to be the system controller, it will display “Ctrlon” in
the right display after power-on. If the Noise Figure Meter has been told not to be the

system controller, the message “Ctrl OFF” will appear in the right displays just after
power-on.

Error 48 may also be generated if the HP 8757 Scalar Analyzer is powered-up while
connected to the System Interface Bus. First verify that the HP-IB connector on the

. Scalar Analyzer is connected to the SYSTEM INTERFACE BUS connector on the
Noise Figure Meter. If the two instruments are connected correctly, re-initialize the
Scalar Analyzer using Special Function 47.2. This should clear error 48.

Error code E80 indicates a continuous memory failure. The instrument may not retain
data when powered down. However, the ability of the instrument to make valid
measurements may not be impaired. If E80 occurs, press PRESET and proceed. The
occurrence of E80 implies that stored information such as the IF attenuator calibration
was not retained. Therefore, error code E26 will appear. Perform an IF attenuator
calibration (refer to the Calibration, IF Attenuators Detailed Operating Instruction). If
E80 persists, service should be performed on the internal battery and related circuits.
Refer to Service-Related Errors in Section VIII, Service.*

Error code E102indicates that auto sweep has been aborted, in Measurement Modes 1.5
through 1.9. After one hundred sweeps, auto sweep is aborted to protect the switches in
the Noise Figure Test Set. To disable auto sweep abort (and error code E102), use
Special Function 97.3. PRESET will re-enable auto sweep abort and error code E102.

The following program describes how an error can be displayed in English, over HP-IB:

NOTES

This program was written in BASIC language 3.0 using the HP 9000 Series 200
Model 236 computer.

This program assumes that the Noise Figure Meter has an HP-IB address of 8 and
the interface card has a select code of 7. Also, it is assumed that an error has
occurred.

. ! Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.

3-103



Operation

Comments
(cont’d)

Related
Sections

Error Messages and Recovery (contd)

100 OUTPUT 708;“H1 ER”

110 ENTER 708;W1,W2W3

'OUTPUT FREQUENCY, INSERTION GAIN

IAND NOISE FIGURE DISPLAYS AND DISPLAY
ITHE ERROR.

'GET THE FREQUENCY, INSERTION GAIN AND
INOISE FIGURE DISPLAYS.

120 PRINT “The last Noise Figure Meter error was: ;W1

130 OUTPUT 708;“FR”
140 Error_num=W1

150 OUTPUT 708; “ER ";Error_num;“EN”
160 ENTER 708; Errmes$

170 PRINT Errmes$

180 END

Calibrate

Calibration, IF Attenuators
Calibration, Input Gain Selection
IF Attenuation Selection
Measurement Modes 1.1 through 1.9
Remote Operation, HP-IB

RF Attenuation Selection
Service-Related Errors, Section VIIT*
Special Functions

ISTOP THE ERROR REPORTING DISPLAY
ISETUP FOR ERROR READBACK
!

HP 8970B

I THE NEXT LINES ASK FOR THE TEXT OF THE ERROR
I'NUMBER THAT IS CONTAINED IN THE VARIABLE W1.

ISETUP ERROR TEXT TO READ.
IREAD THE TEXT.

! Section VIII, Service, isin the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Operation

Fixed Frequency Increment

The tuned frequency of the instrument can be changed by using a combination of the
FREQINCR, 4, and W keys. The FREQ INCR key is used to set the fixed increment
size. The 4 , and W keys step the fixed frequency up or down by the value of the
current frequency increment. These keys provide a convenient method of controlling
the fixed frequency of the instrument for applications such as locating the minimum
noise figure of an amplifier.

The allowable range of values for a frequency increment is:

e 1to 1590 MHz (2037 MHz, opt 020) for Measurement Modes 1.0 and 1.4.

® 1 to 26500 MHz for Measurement Modes 1.5 and 1.9

e 1 to 99999 MHz for Measurement Modes 1.1 through 1.3 and 1.6 through 1.8

Fractional increments are rounded to the nearest 1 MHz. If an attempt is made to enter
an illegal frequency increment, error code E35 is displayed and the entry is not made.

The Measurement Mode selected determines the fixed frequency increment default.
The table below lists the defaults for each of the Measurement Modes.

Measurement Fixed Frequency
Mode Increment
10and 1.4 20 MHz
1.1,1.2and 1.3 200 MHz
1.5and 1.9 250 MHz
16,1.7and 1.8 500 MHz

As shown in the table, the Measurement Modes have been placed into four groups. If
the fixed frequency increment is changed for one Measurement Mode, the fixed
frequency increment is changed for all the measurement modes of the group. When
going from one measurement mode to another, the fixed frequency increment of the
previous measurement mode is automatically saved by the Noise Figure Meter.

To change the size of the frequency increment, press the FREQ INCR key, enter a value
for frequency in MHz, and then press the ENTER key.

Use 4 or W to step the frequency up or down by the current frequency increment.

Program Stored in Can Be Preset (and Special
Code Continuous Stored and HP-IB Clear} | Function 0.9
Front Panel Key m Memory Recalled Conditions Conditions
FREQ INCR FN Y Y 20 MHz 20 MHz
- upP - - — —
. DN — —- - -
1Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
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Fixed Frequency Increment (contd)

To set the frequency increment to 50 MHz:

LOCAL Function e )22 Function
heystrkes e 6w
UHP-IB 3 FN%_OMZ |
lprngram codes] Code J Data- L Function
To decrease the tuned frequency by the current frequency increment:
Functi
LOCAL unction
(keystrokes) E]
DN
{program codes]

Holding either the 4 or W key down causes the frequency to step continuously.
However, the frequency is slower to change when stepped downward.

In addition to the HP-IB program codes given in Procedure above, HZ and MZ are the
program codes for Hz and MHz, respectively.

The currently programmed frequency increment is displayed in the left display for as
long as the FREQ INCR key is depressed. After FREQ INCR is pressed, the new
frequency increment data can be entered. This data is displayed in the left display until

the ENTER key is pressed. The function is then implemented and the instrument
returns to the last selected measurement.

When either 4 or W is pressed, the tuned frequency is changed in the selected

direction. The new tuned frequency is displayed in the left display and the instrument
continues with the selected measurement.

Front panel frequency increment values should be entered in integer MHz units. If a

decimal MHz entry is made, the instrument rounds the entry to the nearest integer (0.5
MHz and above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

If 4 or W is pressed rapidly in succession, the left display updates the frequency
each time the key is pressed. The noise measurement may be delayed ( — — — — will
appear in the NOISE FIGURE display), especially if smoothing is used.
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Related
Sections

Fixed Frequency Increment (conta)

Operation

For highest repeatability, always tune in the same manner (direction and step size) as

the calibration was done.

Fixed Frequency Tuning
Measurement Modes 1.0 through 1.9
Preset Conditions and Power-Up Sequence
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Fixed Frequency Tuning

The FREQUENCY key is used to display the frequency to which the instrument is
tuned and to enter a new fixed frequency value. The allowable frequency range is:

* 101to 1600 MHz (2047 MHz, opt 020) in Measurement Modes 1.5 and 1.9
¢ 10 to 26500 MHz in Measurement Modes 1.5 and 1.9

® 10 to 99999 MHz in Measurement Modes 1.1 through 1.3 and 1.6 through 1.8

The Measurement Mode determines the default for fixed frequency tuning. The
defaults are given in the table below.

Measurement Mode Fixed Frequency
1.0and 14 30 MHz
1.1,1.2 and 1.3 10000 MHz
1.5and 1.9 3000 MH:
1.6,1.7and 1.8 46000 MHz

As shown in the table above, the Measurement Modes have been placed into groups. If
the fixed frequency is changed for one Measurement Mode, the fixed frequency is
changed for all the Measurement Modes of the group. When going from one

Measurement Mode to another, the previous fixed frequency is automatically saved by
the Noise Figure Meter.

The tuned fixed frequency of the instrument can also be changed by using a
combination of the FREQ INCR key to set the increment size, and the 4 and W keys
to step the fixed frequency in the selected direction.

The FREQUENCY key acts as a ““clear entry” key. It clears entries in progress, returns
the instrument to the last selected measurement with the left display showing the
current tuned frequency, and halts the sweep if it is in progress.

To display the current tuned frequency and enter a new tuned frequency, press
FREQUENCY, enter the value of the new frequency in MHz, and press ENTER.

Program Stored in! Can Be Preset (and Special
Cade Continueus Stored and | WP-IB Clear) | Function 0.9
Front Panel Key m Memory Recalled Conditions Conditions
FREQUENCY FR Y Y 30 MH:z 30 MH:z
!Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.




HP 8970B

. Example

Program
Codes

| HP-IB g

Indications

Comments

Related
Sections

Operation

Fixed Frequency Tuning (contd)

To tune the instrument to a new frequency of 100 MHz:

LOCAL Function p Data - Function
fersirokes ERIEIEY
L HP-IB 2 FR100MZ
Code I T T Function
{program codes) , Data uncti

The HP-IB program code for FREQUENCY is FR. The program codes for Hz and MHz
are HZ and MZ.

Pressing the FREQUENCY key clears an incomplete entry, displays the current tuned
frequency, and enables the entry of a new tuned frequency. As the entry numbers are
pressed, the specific numbers appear in the left display. When ENTER is pressed, the
instrument is tuned to the specified frequency and the instrument continues to make
the the last selected measurement.

Front panel frequency entries should be made in integer MHz units. Ifa decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and
above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

If no other prefix key has been pressed, any digits entered followed by ENTER will be
interpreted as if the FREQUENCY key were the prefix.

For highest repeatability, always tune in the same manner (direction and step size) as
the calibration was done.

Fixed Frequency Increment

Measurement Modes 1.0 through 1.9
Preset Conditions and Power-Up Sequence
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Fixed IF or LO Frequency Selection
(Special Functions 3 and 19)

Special Function 3 displays and allows entry of the fixed IF and LO frequencies. This
special function is used when the measurement signal is down converted prior to being
input to the Noise Figure Meter (Measurement Modes 1.1 through 1.4) or the Noise
Figure Test Set (Measurement Modes 1.6 through 1.9).

Special Function 19 is ONLY used in Measurement Modes 1.5 through 1.9. Special
Function 19 displays and allows the user to change the internal IF between the Noise
Figure Meter and the Noise Figure Test Set. The internal IF can only be changed when
the measurement frequency is between 1601 and 26500 MHz.

Special Function 3.0 is used to display and enter the fixed IF for the Measurement Modes 1.1,
1.3, 1.6 and 1.8. If no entry is made, the Noise Figure Meter uses the last entered value. The
fixed IF value does not apply when the instrument is operated in Measurement Modes 1.0,
1.2, 1.4, 1.5, 1.7 or 1.9. The allowable range of values for IF entries is 10 to 1600 MHz;

2047 MHz, opt 020 (Measurement Modes 1.1 and 1.3) or 10 to 26500 MHz (Measurement
Modes 1.6 and 1.8).

Special Function 3.1is used to display and enter the fixed local oscillator frequency for
Measurement Modes 1.2, 1.4, 1.7 and 1.9. If no entry is made, the Noise Figure Meter
uses the last entered value. If the instrument is operated in Measurement Modes 1.0, 1.1,
1.3, 1.5, 1.6 or 1.8, the fixed local oscillator frequency does not apply. The allowable
range of values for the local oscillator is 10 to 99999 MHz (Measurement Modes 1.7 and
1.9) and 0 to 99999 MHz (Measurement Modes 1.2, 1.4, 1.7 and 1.9).

Special Function 3.2 is used to display the user controlled local oscillator frequency in
Measurement Modes 1.6 through 1.9. Special Function 3.2 is particularly useful in
Measurement Modes 1.6 and 1.8. The frequency that the user controlled local oscillator
should be set to is displayed. If zero is displayed, an error exists with the Special
Function 3 frequency and Special Function 2 frequency mix.

Special Functions 19.2 through 19.4 are used when the Noise Figure Test Set is
configured with the Noise Figure Meter. These special functions are used to change the
internal IF between the Noise Figure Meter and the Noise Figure Test Set. Special
Functions 19.2 through 19.4 can only be used when the measurement frequency is
greater than 1601 MHz. The default IFs, for Special Functions 19.2 through 19.4, have
been carefully chosen; only small deviations from the defaults should be used and only
if the particular measurement requires that the default be changed.

Special Function 19.5is used to display the current frequency (IF) thatis being input to
the Noise Figure Meter.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz

entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and
above are rounded up).
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Procedure

Example

Operation

Fixed IF or LO Frequency Selection (cont'd)
(Special Functions 3 and 19)

To select a fixed IF or LO frequency, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key. Next, enter the appropriate value using
the DATA keys and press ENTER.

> E.| TE| 8§
R ‘g’ 2| B8 | 2 s 2
g2E |52 SE| 52| 28| 52
Special Function Pogram | S5 | Sy | 2 8§ =E| 28| 5%
ke | 2T | £S5 | S| ES| 28| B2
Description Cote | (ND) =S |£E| 88| & =8| 22

Fixed IF 3.0 IF or N Y Y NC 30 30
(for modes 1.1 and 1.3) 3.08P MHz MHz
(for modes 1.6 and 1.8) 3500 MHz
Fixed LO Frequency 3.1 LF or N Y Y NC (10000} 10000
(for modes 1.2 and 1.4) 3.1SP MHz MHz
(for modes 1.7 and 1.9) 44000 MHz

Display User Controlled| 3.2 ULor N N N OFF | OFF OFF
LO frequency in 3.258P
Measurement Modes :

1.6 through 1.9

Fixed IF for Noise 19.2 S2or N Y Y NC 700 700
Figure Test Set 19.28P MHz MHz
band 2 (SSB2)

Fixed IF for Noise 19.3 S3or N Y Y NC 450 450
Figure Test Set 19.35P MH:z MHz
band 3 (SSB3)

Fixed IF for Noise 19.4 S4 or N Y Y NC 25 25
Figure Test Set 19.4SP MHz MHz
band 4 (DSB)

Display Noise Figure 19.5 S5 or N N N NC NC NC
Meter input frequency. 19.58P

1Table categories are explained in the Special Function Detailed Operation Instruction.
To select a fixed IF of 70 MHz:
LOCAL - Code ~ Function mn Dt Function
(keystrokes) '
GBIOC) (elmmm  (TI()
PHP-IE IF70MZ
(program codes) Function D-al:a Function
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Fixed IF or LO Frequency Selection (cont'd)
(Special Functions 3 and 19)

The HP-IB codes for Hz and MHz are HZ and MZ, respectively. For Special Functions
3 and 19 program codes, refer to Procedure.

When Special Function 3.0, 3.1 or 19.2 through 19.4 is selected, the left display shows
the current IF or LO frequency. When a new frequency value is entered, it appearsin the
left display only for as long as the ENTER key is depressed. When the ENTER key is

released, the left display returns to the display that was present when the special
function was entered.

When Special Function 19.5 is selected, the left display shows the current frequency

being input to the Noise Figure Meter. The display is cleared by pressing the
FREQUENCY key.

If error code E32 is displayed when attempting to enter a fixed LO frequency, the
entered frequency is outside the range specified for the LO. If the entered frequency was
incorrect, re-enter the correct frequency. If the L.O frequencies are incorrect, they can be
changed using either Special Function 42.3 or 42.4 (refer to Programming the System
LO Detailed Operating Instruction).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

Error Messages and Recovery
Measurement Modes 1.1 through 1.9
Programming the System LO
Special Functions
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HP-IB and System Interface Bus (SIB) Addresses

Description

| HP-IE 4

(Special Function 40, 47 and 96)

There are two HP-IB and eight SIB (System Interface Bus) addresses.

The two HP-IB addresses are really both addresses of the Noise Figure Meter. One
address is the address of the Noise Figure Meter. The other address is called the “Pass
Through Address” of the Noise Figure Meter. The “Pass Through Address” is used
when an external controller on the Hewleti-Packard Interface Bus (HP-IB) wants to
control a device on the System Interface Bus (SIB). The Pass Through Address is set
up automatically by the Noise Figure Meter, only after Pass Through Mode has been
initialized using Special Function 40.6 (or HP-IB code PT). The Pass Through Address
is one greater than the Noise Figure Meter’s address if it is even and is one less than
the Noise Figure Meter’s address if it is odd. Refer to the System Interface Bus Control
Detailed Operating Instruction for more information about Pass Through Mode and
the Pass Through Address.

Special Function 40.7 can be used to display the Pass Through Address.
The eight SIB addresses are listed below:

¢ System Local Oscillator o System Interface Bus

® Noise Figure Test Set ® Pass Through Device

* Plotter e Pass Control

e User Controlled Local Oscillator s HP 8757 Scalar Analyzer

The System Local Oscillator is used with the Noise Figure Meter in Measurement
Modes 1.1 through 1.4 and the Noise Figure Meter and Noise Figure Test Set in
Measurement Modes 1.5 through 1.9.

The Noise Figure Test Set is configured with the Noise Figure Meter in Measurement
Modes 1.5 through 1.9 to extend the frequency range of the Noise Figure Meter.

The plotter is connected to the System Interface Bus to give a permanent record of a
noise figure or gain measurement.

The user controlled local oscillator is used with the Noise Figure Measurement System
(Noise Figure Meter, Noise Figure Test Set and System Local Oscillator) in Measure-
ment Modes 1.6 through 1.9. Along with a mixer or the device under test, the user
controlled local oscillator provides the first level of frequency conversion.

The system interface bus address is the address of the System Interface Bus (SIB)
connector on the back of the Noise Figure Meter. This address only needs to be changed
if some other instrument on the System Interface Bus has to use the default address
that has been set up for the System Interface Bus.

The pass through device address is used in Pass Through Mode. The pass through
device address selects an instrument on the System Interface Bus that is going to be
controlled by an external controller connected to the Hewlett-Packard Interface Bus
(HP-IB). For more information on using Pass Through Mode and the pass through de-
vice address, refer to the System Interface Bus Control Detailed Operating Instruction.

The pass control address is the address of the controller that will alternate control
responsibilities with the Noise Figure Meter. The two instruments will alternate
control on the System Interface Bus. Thisis an advanced capability and does not need
to be set under normal circumstances.
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HP-IB and System Interface Bus (SIB) Addresses (contd)
(Special Function 40, 47 and 96)

Description The HP 8757 Scalar Analyzer is connected to the System Interface Bus for a calibrated
m visual representation of a noise figure and/or gain measurement.
(cont’d)

The HP-IB and SIB addresses can be displayed and changed by Special Functions 40,
47 and 96. The selected address is displayed in decimal in the left display. The decimal
value of the factory set addresses are as shown below:

Noise Figure Meter=8

Pass Control Address=16
System Local Oscillator=19
Noise Figure Test Set=10
Plotter=5

A list of allowable addresses is given below.

System Interface Bus=8

Pass Through Device (There isn’t
any factory set address.)

User Controlled 1L.O=20

HP 8757 Scalar Analyzer=16

ASCHl Address Codes

Decimal

LISTEN

TALK

Equivalents

OO -ID U WO N

VOl As

>H/MN<M€<GHUD:UD"UOZZHNLG~EO"IZIFJUOUUCP@

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
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HP-IB and System Interface Bus (SIB) Addresses (contd)
. (Special Function 40, 47 and 96)

Procedure To display the current HP-IB or SIB address, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

To change an HP-IB or SIB address, first display the current address. Then, enter a
decimal number from 0 to 30 for the new address and press the ENTER key.

- = g R -RES
Sz |48 8- | B2 == |EE
E< |22 |52 | 52| B8 |82
Special Function Program | & = £, |28 | S8 | =8 | £E
Cde | £ | EE |2 ¢S | BT | E°
Description Code | (TXT) SE| &S | 85| 23| £5 | &2
Noise Figure Meter 40.0 None N Y N NC | NC 8
HP-IB Address
System LO SIB 40.1 EAor N Y N NC NC 19
Address 40.1SP
Noise Figure Test 40.2 HT or N Y N NC NC 10
Set SIB Address 40.2S8P
Plotter SIB Address 40.3 HP or N Y N NC NC 5
40.3SP
System Interface 404 HS or N Y N NC NC 8
Bus Address 40.4SP
Pass Control SIB 40.5 HCor N Y N NC NC 16
. Address 40.58P
Pass Through Device | 40.6 PTor N Y N NC NC NC
SIB Address 40.6SP
Display the Noise 40.7 VP or N N N NC NC Off
Figure Meter’s Pass 40.7SP
Through Address
HP 8757 Scalar 474 ZRor N N N NC 16 16
Analyzer SIB 47.4SP
Address
User Controlled LO 96.2 None N Y N NC NC 20
SIB Address
'Table categories are explained in the Special Function Detailed Operation Instruction.

Example To display the system LO address and change it to 20:
LOCAL o (00 em— Function omn Data e Function
fkeystrokes)
| (JJ IO E]m (2)(e) (o
m EA20EN
Code T T T Function
. (program codes) Data
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HP-IB and System Interface Bus (SIB) Addresses (contd)

Program
Codes

| HP-1B

Indications

Comments

Related
Sections
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(Special Function 40, 47 and 96)

The program code to display the SIB address of the system LO is EA. The system LO
address can be changed by entering a decimal number from 0 to 30 and then EN (the
program code for ENTER). The other addresses are changed in a similar manner. The
HP-IB address of the Noise Figure Meter cannot be read or changed over the HP-IB.

The HP-IB or SIB address of the corresponding special function appears in the left
display when Special Function 40 is selected. When an address is changed, the new
address appears in the left display for aslong as the ENTER key is depressed. When the
ENTER key is released, the instrument returns to the last selected measurement.

Do not set the Noise Figure Meter address equal to any of the other addresses.
Controller Capability of the Noise Figure Meter

Remote Operation, HP-IB
Special Functions
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Description

Procedure

Operation

IF Attenuation Selection
(Special Functions 70, 71, and 72)

IF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 72.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific IF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. Itis possible to introduce some very subtle errorsin
the measurements that the Noise Figure Meter may not be able to guard against.

Additional information on how to use and interpret these Special Functions is
contained in Section VIII, Service!

To select a specific IF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

- -
= g s a S ,_g_w
Ex |28 | Be | BE | == | B
ex O = = =2E £=
. . — — — (e
Special Function Program oE | EE | BE |8 | 28| L2
w= | =5 > & = = -—— | B 5
Code =3B & PN = O T ™
=& =5 = v 2 ] = o
P P ] L= [—] = = =
Description Cde | (EP |=F|2E|SE| &3 | £8 | @

IF Attenuation Selection

Auto 70.0 | I0 or 70.0SP N N N On On On
0dB 70.1 | I1 or 70.1SP Y N N Off Off Off
5dB 70.2 | 12 or 70.25P Y N N Off Off Off

104B 70.3 | I3 or 70.3SP Y N N Off Off Off

15dB 70.4 | I4 or 70.4SP Y N N Off Off Off
20dB 70.5 | I5or 70.558P Y N N Off Oft Off

25 dB 70.6 | I6 or 70.65P Y N N Off Off Off

30dB 70.7 | 17 or 70.7SP Y N N Off Off Off

35dB 70.8 | I8 or 70.8SP Y N N Off Off Off

Display {F Attenuator Settings

Display IF 71.0 | SIor 71.0SP N N
Attenuator

Z

off | Off | Off

{F Attenuator Held

IF Attenuator 72.0 | IH or 72.08P Y N N Off Off Off
Hold

1Table categories are explained in the Special Functions Detailed Operating Instruetion.

1 Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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IF Attenuation Selection (contd)
(Special Functions 70, 71, and 72)

To select the IF attenuator hold function:

LOCAL v GOUE  cmmm— Function
(keystrokes) (z)(=2)(.)(e] [E]Eﬂ:cc%n
¥ HP-15 2 IH
{program codes) |

For HP-1B codes, refer to Procedure.

When Special Function 71 is implemented, three digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding
attenuator is switched into the 20 MHz IF Assembly circuits (see Service Sheets 3and 4
in Section VIII, Service!). The first (most significant) digit represents 20 dB. The second
digit represents 10 dB. The third (least significant) digit represents 5 dB. To obtain the
IF attenuator setting, add the attenuation that is represented by each digit. For
example, a display of “1 0 1” indicates an IF attenuator setting of 25 dB.

The following table lists the IF attenuation available (Special Function 70.1 through
70.8) and the ones (1) and zeros (0) that are displayed using Special Function 71.0.

Attenuation Special Attenuator
(dB) Function 20 4B 1048  dB
0 70.1 0 0 0
5 70.2 0 0 1
10 70.3 0 1 0
15 70.4 0 1 1
20 705 1 0 0
25 70.6 1 0 1
30 70.7 1 1 0
35 70.8 1 1 1

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on onerange only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these

Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Calibrate

Manual Measurements
RF Attenuation Selection
Special Functions

1 Section VIII, Service, isin the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Description

Procedure

Operation

Loss Compensation
(Special Function 34)

Special Function 34 corrects for loss between the noise source and the device under test
(DUT), and the DUT and the Noise Figure Meter. The loss in dB and the temperature of

the loss must be entered prior to enabling loss compensation (Special Function 34.1) or
else the default values of 0 dB and 0K are used.

The temperature of the loss is the ambient temperature. Therefore, both the loss before
the DUT and the loss after the DUT are assumed to be at the same temperature. Only
one temperature can be entered for both losses. The temperature of the loss can be
entered in Kelvins, degrees Fahrenheit, or degrees Celsius. Temperature units are
selected by Special Function 11.

The allowable range of loss in Kelvins is 0 to 9999. The allowable range of loss in dB is
—100 to +100.

To display, enter, or enable loss compensation, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

= ;@ e« =
5 . £ Sw | dS5| 2w
g% 8E|E=|Es| 25| ES
Special Function Pgam | &g | S2 | 85 |5 | S5 | =%
Cle | £E| B2 | S= | §3 | 5| 838
Description Code | AT 25| EE| 85 | 22 | £E8 | &2
Turn loss com- 34.0 LOor N Y N On On On
pensation off. 34.0SP
Turn loss com- 34.1 Lior Off Off Off
pensation on. 34.15P
Display and enter 34.2 LA or N Y NC | 0dB | 0dB
the amount of loss 34.2S5P
between the noise
source and the DUT

in dB.
Display and enter 34.3 LT or N Y N NC 0K 0K
the temperature of 34.3SP
losses (units are
determined by Spec-
ial Function 11).
Display and enter 34.4 LBor N Y N NC | 04dB | 0dB
the amount of loss 34.45P
between the DUT
and the Noise Fig-
ure Meter in dB.

1Table categories are explained in the Special Functions Detailed Operating Instruction.
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Loss Compensation (contd)
(Special Function 34)

To compensate for aloss of 3 dB between the noise source and the DUT at a temperature

of 290K (assume Special Function 11.0is active — temperature in K) and to enable the
loss compensation function:

Codes Function- RN P — Function

o f (&) D_J@ (o] e )
ek | () (D (D E (s OO 6
OGO (o),

LA3ENLT290ENL1
GEE) ;Uode’—:r | i T—code:
(program codes)| Data - Function
Function d Data
Code

For HP-1B codes, refer to Procedure above.

If Special Function 34.0 or 34.1 is selected, the left display returns to the previously

selected display. The INSERTION GAIN and NOISE FIGURE displays are not
affected by this function.

When a loss compensation entry is made in dB, the temperature of the loss should also
be entered.

The Noise Figure Meter assumes that the loss was not present during calibration.

If a 2dB attenuatoris being used in the measurement, 2 dB would be entered as theloss.
If the loss varies with frequency, the ENR table can be modified to provide proper
compensation, In order to do this, enter a new ENR table in which the effective ENR at each
frequency has been determined by subtracting the loss (at that frequency) from the noise
source ENR. Although this assumes the noise source and the loss are at the same temperature
the following example shows that for loss cases, the resultant error is negligible.

For typical adapter losses of <0.5 dB and anoise source 5 deg K (actually warmer than usual)
hotter than the adapter, the difference between the actual combined cold temperature (T cold
combined) and the temperature on the bulkhead of the noise source is only 0.54 deg K. This
is derived from the following equation:

T, = T, *loss + (1-loss) * T,
where the losses arein linearterms i.e. 10" (losses_dB/10) and the temperatures are in Kelvin.

The error in noise figure caused by the -0.54 K error in T cold is less than 0.01 dB foraDUT
with a one dB noise figure.

Special Functions
Temperature Units Selection
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Description

Operation

Manual Measurement Functions
(Special Functions 14 and 15)

The manual measurement functions calibrate and measure noise figure using a
thermal (hot/cold) noise source. They also can be used to display either the current
measurement or the result of the manual measurement. Manual measurement
functions are used for fixed frequency measurements only.

Three general requirements must be understood when performing manual measure-
ments:

1. A stable reading must be stored in the Noise Figure Meter’s memory prior to
disconnecting the noise source. This stable reading can be obtained by either
activating the next manual measurement special function or by using the Trigger
Selection Special Function (30). Since activating the next special function requires
fewer keystrokes, that is the method used in the example shown in this instruction.

2. The device under test (DUT) must first be connected to the measurement system and
the proper RF attenuation level determined. The RF attenuators must then be held
fixed (Special Function 62) for the entire manual measurement.

3. The IF attenuators must be held fixed (Special Function 72) during the two
measurement readings (noise source off and on) and again during the two
calibration readings (noise source off and on). However, the IF attenuators must be

allowed to autorange when switching between calibration and measurements, and
vice versa.

To measure, calibrate, or display manual measurements, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

= z s, | =8| &
Sz | tE| B |EE2| 22| B2
g2 |38 | 58| S8 | e8| E2
Special Function Program | & E| Sy | S8 E|SS | 3E
e | EE|ES| 2| 83| EE| &S
Description Code @ S | &B= | SS | B | 25 | &c
Make cold measure- 14.1 MC or N Y Y Off Off Off
ments (source off) 14.1SPp
Make hot measure- 14.2 MH or N Y Y Off Off Off
ments (source on). 14.25P
Perform cold calibra- | 14.3 CCor N Y Y Off Off Off
tion (source off). 14.3SP
Perform hot calibra- 14.4 CH or N Y Y Off Off Off
tion (source on). 14.4SP
Normal display 15.0 PO or N N Y On On On
mode. 15.0SP
Display manual meas-{ 15.1 Plor Y N Y Off Off | Off
urement results. 15.18P
tTable categories are explained in the Special Functions Detailed Operating Instruction.
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Manual Measurement Functions (contd)
(Special Functions 14 and 15)

The following example is a general procedure for making manual measurements. It
may be necessary to determine the requirements of a specific application and make the
necessary changes to obtain the best measurement results, For example, it is possible to
make manual measurements using an external controller. Additional information on
this method is contained in the Comments section of this instruction.
Find and Hold the RF Attenuation

a. Enter the required parameters for the Measurement Mode that is going to be used.

b. Connect the hot noise source to the DUT input. Connect the DUT output to the
measurement system setup.

c. Press 1 4.2 SPECIAL FUNCTION to obtain the noise power.

d. Press 6 2.0 SPECIAL FUNCTION to hold the RF attenuation setting. The RF
attenuation is held at this setting for the entire measurement.
Calibrate

e. Remove the DUT and connect the hot noise source to the measurement system
setup.

f Press 1 4.4 SPECIAL FUNCTION to calibrate the measurement system for the
hot noise source.

g. Press 72.0SPECIAL FUNCTION to hold the IF attenuation setting.

h. Press 1 4.3 SPECIAL FUNCTION to store the hot noise source calibration
reading and to select the cold noise source calibration. Note that while the cold noise
source calibration is selected, the results are not stored until after the cold noise source
is connected and Special Function 14.2 is activated in step j.

i. Remove the hot noise source and connect the cold noise source to the measurement
system setup.

j. Press14.2SPECIALFUNCTION to select the hot noise source measurement and
to store the cold noise source calibration reading.

Measure, then Calculate and Display Noise Figure

k. Connectthehotnoise sourcetothe DUT and the DUT to the measurement system
setup.

1. Press 70.0 SPECIAL FUNCTION to allow the IF atienuators to autorange.

m. Press 72.0SPECIAL FUNCTION to hold the IF attenuation fixed at the new
value.

n. Press 1 4.1 SPECIAL FUNCTION to select the cold noise source measurement
and to store the hot noise measurement reading.

o. Disconnect the hot noise source from the DUT and connect the cold noise source to
the DUT.
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Manual Measurement Functions (contd)
(Special Functions 14 and 15)

p. Press 15.1 SPECIAL FUNCTION to calculate and display the manual meas-
urement noise figure result. Verify that the LED in the SPECIAL FUNCTION key
lights when this special function is activated. The Noise Figure Meter continues to
make cold noise source measurements and update the display.

NOTE

The calibration data remains stored. Therefore, if another DUT is to be
tested immediately, it is only necessary to press 14.2 SPECIAL FUNC-
TION and repeat steps k through p. To exit manual measurements and
return to the normal display, press 15.0 SPECIAL FUNCTION and then
press UNCORRECTED NOISE FIGURE.

For HP-IB codes, refer to Procedure above.

When Special Functions 15.0 and any 14.N are selected, no unit annunciators are litin
the NOISE FIGURE display. The number displayed is the power into the detector in
mW.

When Special Function 15.1 is selected, UNCORRECTED NOISE FIGURE, COR-
RECTED NOISE FIGURE AND GAIN, or any noise figure display unit (Special
Function 10) can be selected.

Another way to ensure that stable readings are stored in the Noise Figure Meter’s
memory during Manual Measurements is to use the Trigger Hold Special Function
(30.1) and Trigger Execute Special Function (30.2). In this type of operation only one
measurement is taken and stored. Therefore, it is not critical if the equipment is
disconnected prior to switching Manual Measurement Special Functions.

IF Attenuation Selection
RF Attenuation Selection
Special Functions
Trigger Selection
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Description

Operation

Measurement Modes
(Special Function 1)

The Noise Figure Meter has ten Measurement Modes available. Each Measurement
Mode, 1.0 through 1.9, is described individually in a separate Detailed Operating
Instruction. This discussion covers the capabilities and differences of the individual

modes. The following table lists the modes and shows their status in different
instrument operations.

Special Function Program

Code

Description Code m

Lights Special’
Function Key
Stored in Con-
tinuous Memory
Can be Stored
and Recalled
Special Function
0.0 Condltions
Preset (and HP-1B
Clear) Conditions
Special Function
0.9 Conditions

Measurement Mode
1.0—10to 1600 MHz | 1.0 EO
(2047 MHz, opt 020)

Measurement Mode 1.1 F1

1.1-—variable fre-
quency system LO;
fixed IF

Measurement Mode 1.2 E2 N Y Y Off Off Off

1.2—fixed frequency
system LO; varia-
ble I1F; SSB
Measurement Mode 1.3 E3 N Y Y Off Off Off
1.3—variable fre-
guency system LO;
fixed IF; mixer in
DUT

Measurement Mode 14 E4 N Y Y Off Off Off
1.4-—fixed frequency
system LO; varia-
ble IF; mixer in
DUT

Measurement Mode 1.5 E5 N Y Y Off Off Off
1.5—10 to 26500
MHz

Measurement Mode 1.6 E6 N Y Y Off Off Off
1.6—variable fre- '
guency user control-
led LO; fixed IF

Measurement Mode 1.7 E7 N Y Y Off Off Off

1.7—fixed frequency
user controlled LO;
variable IF; SSB

Measurement Mode 1.8 E8 N Y Y Off Off Off

1.8—variable fre-
quency user control-
led LO; fixed IF;
mixer in DUT

Measurement Mode 1.9 E9 N Y Y Off Off Off

1.9—fixed frequency
user controlled LO;
variable IF; mixer
in DUT

z =z
T
o O
Bk B
3 9
Q ©
R B

Table categories are explained in the Special Functions Detailed Operating Instruction.
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Measurement Modes (contd)
(Special Function 1)

The following definitions will be helpful when using the different Measurement Modes:

System Local Oscillator—The System Local Oscillator is used in Measurement Modes
1.1 through 1.9, is connected to the SYSTEM INTERFACE BUS connector and is
controlled by the Noise Figure Meter. The System Local Oscillator is used for frequency
conversion in Measurement Modes 1.1 through 1.4 and is part of the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and System Local
Oscillator) in Measurement Modes 1.5 through 1.9.

User Controlled Local Oscillator—The User Controlled Local Oscillator is ONLY used
in Measurement Modes 1.6 through 1.9. The User Controlled Local Oscillator is used for
frequency conversion. In the Measurement Modes, the examples assume that the user
controlled LO is being controlled by the user and not by the Noise Figure Meter.
However, the Noise Figure Meter can control the user controlled LO to alimited extent.
The limited control capability is explained in the Comments section at the end of
Measurement Modes 1.6 through 1.9. If the user controlled LO is being controlled by the
user, the LO is connected to the HP-IB connector. When the user controlled LO is being

controlled by the Noise Figure Meter, the O is connected to the System Interface Bus
(SIB) connector.

The ten Measurement Modes can be divided into the following three subsets:

a. Measurement Mode 1.0 is a stand alone mode with no external mixer or system local
oscillator required and no frequency conversion in the device under test. The frequency range
in this mode is 10 to 1600 MHz (2047 MHz, opt 020).

Measurement Mode 1.5 is similar to Measurement Mode 1.0. Measurement Mode 1.5
requires the use of the HP 8971C Noise Figure Test Set and a system local oscillator.
The Noise Figure Meter, Noise Figure Test Set and system local oscillator form the HP
8970S Noise Figure Measurement System. The Noise Figure Meter controls the Noise
Figure Test Set and the system local oscillator. This mode does not require the use of an
external mixer (that is, external to the system) or second local oscillator. There is no

frequency conversion in the device under test. The frequency range in this modeis 10 to
26500 MHz.

b. Measurement Modes 1.1 and 1.3 both require a variable frequency system local
oscillator and an external mixer. Measurement Modes 1.6 and 1.8 both require the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator), external mixer and user controlled local oscillator. The Noise
Figure Meter can be used to control the system local oscillator (Measurement Modes 1.1
and 1.3) and is used to control the Noise Figure Measurement System (Measurement
Modes 1.6 and 1.8). The Noise Figure Meter controls the system local oscillator as
directed by the system local oscillator program (Special Function 41 or 42). Measurement
Modes 1.1 and 1.3 down convert the measurement frequency to 10 to 1600 MHz (2047 MHz,
opt 020), Measurement Modes 1.6 and 1.8 down convert the measurement frequency to 10 to
26500 MHz. Measurement Modes 1.1 and 1.6 have no down conversion in the Device Under
Test (DUT; for example, an amplifier or transistor). Measurement Modes 1.3 and 1.8 do
provide for down conversion in the DUT (for example, a mixer or receiver).

c. Measurement Modes 1.2 and 1.4 require a fixed frequency system local oscillator
and an external mixer. Measurement Modes 1.7 and 1.9 require the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and system local
oscillator), an external mixer and fixed user controlled local oscillator. The Noise
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Measurement Modes (contd)
(Special Function 1)

Figure Meter can be used to control the system local oscillator (Measurement Modes 1.2 and
1.4) and is used to control the Noise Figure Measurement System (Measurement Modes 1.7
and 1.9). The Noise Figure Meter controls the system local oscillator as directed by the system
local oscillator program (Special Function 41 or 42). Measurement Modes 1.2 and 1.4 down
convert the measurement frequency to 10 to 1600 MHz (2047 MHz, opt 020). Measurement
Modes 1.7 and 1.9 down convert the measurement frequency to 10 to 26500 MHz.
Measurement Modes 1.2 and 1.7 have no down conversion in the DUT (for example, an
amplifier or transistor). Measurement Modes 1.4 and 1.9 do provide for down conversion in
the DUT (for example, a mixer or receiver. Modes 1.2 and 1.7 must be a single sideband
measurement. Additional information on sideband selection is covered later in this instruction
and in the Sideband Selection Detailed Operating Instruction.

For a summary of the ten Measurement Modes, refer to the Measurement Modes
Summary table.

The calibration and measurement setups and procedures are illustrated and specific

examples are provided in the Detailed Operating Instructions for Measurement Modes
1.0 through 1.9.

In the following discussion, signals present at different points in the measurement

system are compared for the different measurement modes. The following signal points
are covered:

a. The output of the noise source (for example the HP 346B).

b. The output of the system LO (Measurement Modes 1.1—1.4) and the user
controlled LO (Measurement Modes 1.6—1.9).

c. The measurement bandwidth of the Noise Figure Meter (Noise Figure Measure-
ment System) as seen looking back into the mixer (translated to the frequency range of

the system LO (Measurement Modes 1.1—1.4) and user controlled LO (Measurement
Modes 1.6—1.9)).

d. The input to the Noise Figure Meter (Noise Figure Test Set).

The noise source output is the same for all modes. For a noise source with a nominal
Excess Noise Ratio (ENR) of 15.2 dB, the output is broadband random noise varying
between approximately —158.8 dBm/Hz when on (hot) and —174 dBm/Hz when off
(cold). The ENR of the noise source varies slightly over the frequency range of 10 to
96500 MHz. This variation in power level is compensated for in the Noise Figure Meter
using the specific information entered into the ENR tables. Refer to the ENR Table
Entry Detailed Operating Instruction for additional information on the ENR tables.

There is no system local oscillator used in Measurement Mode 1.0. The user controlled
local oscillator is not used in Measurement Mode 1.5. In Measurement Modes 1.1 and
1.3, the system local oscillator can be swept over any range within a 2000 to 26500 MHz
bandwidth. The system local oscillator is controlled by the existing system local
oscillator programs, in the Noise Figure Meter. The system local oscillator programs
can be modified to sweep the system local oscillator up to 99999 MHz. In Measurement
Modes 1.6 and 1.8, the user controlled local oscillator can be swept over any range
necessary, needed for a measurement. The user controlled loeal oscillator is controlled
by the user and not by the Noise Figure Meter. The frequency that the user controlled
local oscillator needs to be set to can be displayed using Special Function 3.2. In
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Measurement Modes Summary
Mea- Frequenc User- IF into NF Meter
Type of Measurement t . y System LO [Modes 1.1-1.4j or Sideband
surement . Conversion ; Controlled ) . .
Measuremeni Frequencies . Required? . IF inta NF Test Sel Selection’
Mode in DUT? LO Required?
{Modes 1.6-1.9)
10 | RE Amplifier | 304Po0856 | No No No N/ A2 N/ A2
11 Microwave >1600 MHz No Yes-Variable No Fixed iF into NF | Sideband selection is
Amplifier 2047 opt 020 frequency Meter set with required only if NF
Special Function | Meter controls System
3.0. L0.
1.2 Microwave >1600 MHz No Yes-Fixed No Variable IF into Doubie sideband is not
Amplifier 2047 opt 020 frequency set NF Meter allowed. Sideband
with Special selection is required to
Function 3.1 caiculate IF.
1.3 Mixer/ IF=10-1600 Yes Mixer-Yes, No Fixed IF into NF | Sideband selection is
Receiver MHz variable Meter set with required only if NF
2047 opt 020 frequency; Special Function | Meter controls System
Receiver-No 30. L0.
14 Mixer/ IF=10-1600 Yes Mixer-Yes, No Variable iF into Sideband selection is
Receiver MHz fixed fre- NF Meter required to calculate
2047 opt 020 quency set measurement
with Special frequency.
Function 3.7;
Receiver-No
15 RF or 10-26500 No Yes No N/A? N/A2
Microwave MHz
Amplifier
1.6 Millimeter- >26500 MHZ No Yes Yes-Variable | Fixed iF into No sideband selection
Wave and IF=10 - frequency NF Test Set is required unless
Amplifier 26500 MHz set with Special | Special Function 3.2 is
Function 3.0. used to find user LO
frequency.
1.7 Millimeter- >>26500 MHZz No Yes Yes-Fixed Variable IF into Double sideband is not
Wave and IF > 10 frequency set | NF Test Set allowed. Sideband
Amplifier MHz with Special selection is required to
Function 3.1. calculate IF.
1.8 Mixer/ IF="10- Yes Yes Mixer-Yes, Fixed IF into No sideband selection
Receiver 26500 MUz variable NF Test Set is required unless
frequency; set with Special | Special Function 3.2 is
Receiver-No | Function 3.0. used to find user LO
frequency.
19 Mixer/ IF>10 Yes Yes Mixer-Yes, Variable IF into Sideband selection is
Receiver MHz fixed fre- NF Test Set required to calculate
quency set correct measurement
with Special signal or user LO fre-
Function 3.1; quency when Special
Receiver-No Function 3.2 is used.
1 Double sideband = Special Function 2.0.
Lower single sideband (measurement frequency < L0 frequency) = Special Function 2.1.
Upper single sideband (measurement frequency > LO frequency) = Special Function 2.2.
Single sideband signal up conversion (IF = measurement frequency -+ LO frequency) = Special Function 2.3.
An external filter is required for single sideband measurements.
2N/A = Not Applicable
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Measurement Modes (contd)
(Special Function 1)

Measurement Modes 1.2 and 1.4, the fixed system local oscillator frequency can be set
to any point within the 10 to 99999 MHz range. In Measurement Modes 1.7 and 1.9, the
fixed user controlled local oscillator frequency can be set to any point, necessary. The

limiting factors within each range are the frequency range of the local oscillator and
the noise source.

There is no mixer used in Measurement Modes 1.0 and 1.5. Looking back into the mixer
in Measurement Modes 1.1, 1.3, 1.6 and 1.8, the Noise Figure Meter passband translates
into two sidebands. Each sideband is separated from the local oscillator frequency by a
fixed IF (the receiving frequency of the Noise Figure Meter or Noise Figure Test Set). As
the local oscillator sweeps, the sidebands move with it. The frequency can be increased
or decreased within the allowable frequency range. In Measurement Modes 1.2,1.4,1.7
and 1.9, the local oscillator frequency is held fixed. As the variable IF sweeps, the
sidebands move away from the system local oscillator frequency in opposite directions
for an increasing IF sweep and toward the local oscillator frequency for a decreasing IF
sweep. Examples of both a fixed IF and a variable local oscillator, and a variable IF

and fixed local oscillator are shown in the Noise Figure Meter Measurement Passband
figure.

The Noise Figure Meter’s input frequency range is 10 to 1600 MHz (2047 MHz, opt 020). In
Measurement Mode 1.0 a swept measurement can sweep the Noise Figure Meter’'s 4 MHz
passband over the 10 to 1600 MHz (2047 MHz, opt 020) range. The Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and system local oscillator)
has a frequency range of 10 to 26500 MHz. In Measurement Mode 1.5 a swept measurement
can sweep the Noise Figure Measurement System’s 4 MHz passband over the 10 to
26500 MHz range. In Modes 1.1, 1.3, 1.6 and 1.8, the IF is fixed and the local oscillator
frequency is swept within the frequency ranges previously explained. In Modes 1.2, 1.4, (1.7
and 1.9), the local oscillator frequency is fixed and the IF is swept across the 10 to 1600 MHz;
2047 MHz, opt 020 (10 to 26500 MHz for Modes 1.7 and 1.9) range. In Modes 1.1, 1.3, 1.4,
1.6, 1.8 and 1.9, either upper, lower, sum or both sidebands can be accepted by the Noise
Figure Meter (Noise Figure Measurement System). However, in Modes 1.2 and 1.7, a double
sideband measurement cannot be made (the Noise Figure Meter will display error E34). In
these modes, a double sideband measurement does not make sense since the IF sweeps and the
sidebands get further and further apart. Suppose the IF is a 1000 MHz, in this condition the
average between the two 4 MHz passbands, 2000 MHz apart, might easily be useless data.

The frequencies displayed in the left display and entered as measurement frequencies for
various measurement conditions are shown in the following table. The display frequency
depends upon the measurement mode used and the sideband selected (Special Function 2). In
Measurement Mode 1.0 and 1.5, no external conversion is performed so the left display
represents the measurement signal (F,_). In Measurement Modes 1.1 through 1.4 and 1.6
through 1.9 conversion is performed, thus creating an external IF. The Noise Figure Meter

(Noise Figure Measurement System) is tuned to this IF while the system (user controlled) local
oscillator is tuned to F,.
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For Measurement Modes 1.1,1.3, 1.6 and 1.8:
ENTIRE SPECTRUM MOVES WITH SWEEPING 'LO

| FIXED IF | FIXED IF

POWER

Flo-F  Fig Fio*+IF 26500
FREQUENCY (MHz)

NOISE POWER FROM NOISE SOURCE WHEN ON

For Measurement Modes 1.2, 1.4, 1.7 and 1.9:
FIXED Fq
I I

i ' !
SWEEPING IF | SWEEPING IF
l I‘i A !

i
LY r ﬂ
} |

POWER

NOISE SOURCE ENR

2000 lo-1e00 FLo—IF / Flo\ FLo*'F Fio 21599 4oz 26500
- 26500
(8500) Lo ~10 Fyg*10 (26500)

FREQUENCY (MHz)
NOISE POWER FROM NOISE SOURCE WHEN ON
%% VARIABLE INTERMEDIATE FREQUENCY TUNING RANGE
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Indications

Measurement
Mode and
Sideband
Selection

Related
Sections

Measurement Modes (contd)
(Special Function 1)

Noise Figure Meter Left Display

Operation

Measurement Mode
Selected Sideband
10and15 | 1.1and 1.6 | 1.2and1.7 | 1.3and1.8 | 1.4and 1.9
Double Sideband (2.0SP) Faigon Fio | aheq | Fio IF
Lower Single Sideband (2.1SP) Flaignal Fio—IF | Fio—1IF | Fo—IF IF
Upper Single Sideband (2.2SP) Flignal Fio+1IF | Fio+IF | Fwo+1IF IF
Sum (up conversion; 2.3SP) Fiwa |IF—Fwo |IF—Fio |IF—Fio IF

Prior to making any measurement, the Measurement Mode and sideband operation that
are best suited to that specific measurement must be chosen.

Each of the Detailed Operating Instructions for Measurement Modes 1.0 through 1.9has
valid examples of the type of measurements that are made in each mode.

Calibrate
ENR Table Entry

Fixed IF or LO Frequency Selection
Measurement Modes 1.0 through 1.9

Sideband Selection
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Measurement Mode 1.0
(Special Function 1.0)

Measurement Mode 1.0 is for DUTs with no frequency conversion and a maximum frequency
less than 1600 MHz (2047 MHz, opt 020). Measurements are single sideband. No external
mixer or LO is required.The typical DUT is an amplifier or a transistor. All the Measurement
Modes can be set up to use many of the other capabilities of the Noise Figure Meter. For
example, each mode can make either UNCORRECTED NOISE FIGURE or CORRECTED
NOISE FIGURE AND GAIN measurements, plus the measurement results for each mode can
be displayed on an oscilloscope and output to a recorder or plotter.

There are many possible measurement procedures. However, the following general
procedure applies to all cases: '

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Set frequency parameters.

b. Calibrate in Mode 1.0 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement).

c. Insert DUT and measure.

Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurement in the 100
to 150 MHz range in 1 MHz steps:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. This sets
the Noise Figure Meter to Measurement Mode 1.0.

b. Set the frequency parameters for both the calibration and measurement.

c. Enter actual ENR for the Noise Source, if this has not previously been done.
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Example
(cont'd)

Measurement Mode 1.0 (contd)
(Special Function 1.0)

Operation

Function e Data -

G GJCJ(]
EBIEINTY
[+

LOCAL
{(keystrokes)

Function

ENTER
ENTER

FA100MZFB150MZSS51MZ
Code __j_ | | T_
Data

Function
Code

 HP-IB ¢

{program codes)

Data

Function
Data
Code
Function

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.

Hp 89728
NOISE FIGURE METER
[o 8]

o oopgomoe o
§°°%% pEos oo

SOURCE NOISE INPUT
SOURCE
#1f THE PREAMPLIFIER 1S NEEDED
FOR THE MEASUREMENT, 1T MUST
*¥PREAMPLIFIER BE USED DURING THE CALIBRATION.

Figure 3-19. Measurement Mode 1.0 Calibration Setup

e. Calibrate the equipment in Measurement Mode 1.0 by pressing CALIBRATE
twice (or send HP-IB code CA). The Noise Figure Meter was set to Measurement Mode

1.0 when PRESET was pressed.

f. To make the measurement, set up the equipment as shown below.

HP 89788
NOISE FIGURE METER

EN BE|
soopgoges, B
© goncnBEgE” 55 §
SOURCE
NOISE INPUT /N PREAMPL IFIER
SOURCE ¢(IF NEEDED)

Figure 3-20. Mode 1.0 Measurement Setup

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from

100 MHz to 150 MHz in 1 MHz steps and halt.
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Measurement Mode 1.0 (contd)
(Special Function 1.0)

The HP-IB code for Measurement Mode 1.0 is EO (or 1.0SP).

The left display shows each frequency at which a measurement is made. The
INSERTION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISE FIGURE display shows the noise figure of the DUT at the displayed frequency.

Measurement Mode 1.0 is often referred to as an RF measurement. The other nine
Measurement Modes are often referred to as microwave measurements.

Calibrate
Measurement Modes
Special Functions
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Description

Requirements

Operation

Measurement Mode 1.1
(Special Function 1.1)

Measurement Mode 1.1 is for DUTs with no frequency conversion, but whose maximum
frequency is greater than 1600 MHz (2047 MHz, opt 020). The Measurement is double
sideband at a fixed low frequency IF, or a single sideband at a high IF frequency using
appropriate filters, and is performed with a mixer and an external system LO controlled by the
Noise Figure Meter. The typical DUT is an amplifier or a transistor. Although the input
frequency to the Noise Figure Meter is 10 MHz to 1600 MHz (2047 MHz, opt 020), the Noise
Figure Meter uses the excess noise ratio, ENR, of the noise source at the DUT input frequency.
All the Measurement Modes can be set up to use many of the other capabilities of the Noise
Figure Meter. For example, each mode can make either UNCORRECTED NOISE FIGURE
or CORRECTED NOISE FIGURE AND GAIN measurements, plus the measurement results
for each mode can be displayed on an oscilloscope and output to a recorder or plotter.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.1:

a. Connect the system local oscillator to the Noise Figure Meter’s SYSTEM INTER-
FACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is the controller on System Inter-
face Bus; Special Function 48.0is the default setting, after using Special Function 0.9.).

c. Special Function 46.0 active (Enable system local oscillator on the System Inter-
face Bus; Special Function 46.0is the default setting, after using Special Function 0.9.).

d. The address of the system LO must match the system LO address thatis storedin
the Noise Figure Meter. Use Special Function 40.1 (system LO address) to display and
change this address if necessary. The default address is 19, after using Special Func-
tion 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

e HP 8350B Sweep Oscillator; Special Function 41.0

o HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

e HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

¢ HP 8340B/8341B Sweep Oscillator; Special Function 41.4

e custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.
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Measurement Mode 1.1 (contd)
(Special Function 1.1)

Requirements  Use Special Function 42 to define a new program for other system local oscillators.
(cont'd)

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.

b. Press 1.1 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.1.

c. Set frequency parameters (including the fixed IF, Special Function 3.0).

d. Calibrate in Mode 1.1. If a preamplifier will be used in the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and measure.

Example To make a swept double sideband CORRECTED NOISE FIGURE AND GAIN meas-
urement in the 6 to 12 GHz range in 200 MHz steps with a fixed IF of 70 MHz:

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller on the System Interface Bus and the minimum requirements
specified under Requirements are satisfied. Refer to Comments for a
brief description of using an external controller when in Measurement

Mode 1.1.
a. Press PRESET to establish initial conditions.

NOTE

Measurement Mode 1.1 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.1 SPECIAL FUNCTION to activate Measurement Mode 1.1.
c. Set the frequency parameters for both the calibration and measurement.

d. Enter actual ENR for the Noise Source, if this has not previously been done.
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Example
(cont’d)

Measurement Mode 1.1 (cont'd)
(Special Function 1.1)

Operation

LOCAL
(keystrokes)

” Code

)

.

DE [

FUNCTION

Function
START
FREQ
STOP
FREQ

Function

Data

lolalolol

ENTER

(BB

STEP
SIZE

)]
)

D) @

ENTER
@

| HP-1E

(program codes)

Code
Code
Data
Function

E1IF70MZFAG6000MZFB12000MZSS200MZ

—]

5

Code

Data

Function
Data
Code
Function
Data

Function

Code

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP 8397@B
NO1SE FIGURE METER

.
o
= oop g oo
gaoo O ':’E
P gooecBEEE T =a §

SYSTEM
LOCAL OSCILLATOR

LO oUTPUT

SOURCE
NOISE INPUT
SOURCE IF
RF Lo
*PREAMPLIFIER MIXER

#1F THE PREAMPLIFIER IS USED
DURING THE MEASUREMENT,

1T MUST

BE USED DURING CALIBRATION.

Figure 3-21. Measurement Mode 1.1 Calibration Setup

£ Calibrate the equipment in Measurement Mode 1.1 by pressing CALIBRATE twice.

g. To make the measurement, set up the equipment as shown below.

HP 89708
NOISE FIGURE METER

SOURCE

NOISE -
SOURCE

BuT PREAMPLIFIER

(IF NEEDED)

~~_rF

IF
L0

SYSTEM
LOCAL OSCILLATOR

L0 DUTPUT

MIXER
Figure 3-22. Measurement Mode 1.1 Setup
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Measurement Mode 1.1 (contq)
(Special Function 1.1)

h. Press CORRECTED NOISE FIGURE AND GAIN.

i. Press SINGLE. The Noise Figure Meter will sweep the system LO from 6 GHz to 12
GHz in 200 MHz steps and halt.

The HP-IB code for Measurement Mode 1.1 is E1 (or 1.1SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.1.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at

the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
system LO and the Noise Figure Meter in Measurement Mode 1.1. The following
general conditions must be observed when using an external controller:

a. Connect the system local oscillator and the external controller to the HP-IB
connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) mustbe active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-1B codes.

g. Perform a triggered calibration with the DUT out of the measurement system
(refer to the Calibrate Detailed Operating Instruction).

h. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).

i. Set the system LO to the appropriate frequency. Refer to the LO’s operating

manual for the required HP-IB codes. Allow sufficient settling time for the output of the
LO to stabilize.

j. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-1B
code 30.25P for it will be ignored.

k. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new data isready. Itis
possible to write an SRQ interrupt routine on the Data Ready status bit. Refer to
Enabling the Service Request Condition, paragraph 3-30.
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Comments
(cont'd)

Related
Sections

Operation

Measurement Mode 1.1 (contd)
(Special Function 1.1)

1. Continue to loop through steps i, j and k. A method for determining when the
calibration is completed must be programmed into the external controller. Onemethod
is to compare the frequency that is sent to the system LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt

routine on the Calibration Complete SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-30.

m. Insert the DUT into the measurement system.

n. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

0. Set the system LO to the appropriate frequency. Refer to the LO’s operating

manual for the required HP-IB codes. Allow sufficient time for the output of the LO to
stabilize.

p. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

q. A method must be determined when to step to anew frequency and read the noise
figure results. This read operation cannot be completed until the new datais ready. Itis

possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

r. Continue to loop through steps o, p, and q. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements using Special Func-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.2
(Special Function 1.2)

Measurement Mode 1.2 is for DUTs with no frequency conversion, whose bandwidth is less
than 1590 MHz (2037 MHz, opt 020) but whose maximum frequency is greater than
1600 MHz (2047 MHz, opt 020). The measurement is single sideband and requires a filter (to
eliminate the undesired sideband), an external mixer and a fixed LLO. The Noise Figure Meter
is tuned over a variable IF ranging from 10 to 1600 MHz (2047 MHz, opt 020). The typical
DUT is an amplifier with a bandwidth less than 1590 MHz (2037 MHz, opt 020). Although
the input frequency to the Noise Figure Meter ranges from 10 to 1600 MHz (2047 MHz,
opt 020), the Noise Figure Meter uses the excess noise ratio, ENR, of the noise source at the
DUT input frequency. All the Measurement Modes can be set up to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements, plus the measurement results for each mode can be displayed on an
oscilloscope and output to a recorder or plotter.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.2:

a. The system local oscillator is connected to the Noise Figure Meter's SYSTEM
INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

c. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator
address that is stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator address) to display and change this address if necessary. The default
address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure

Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

e HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

custom local oscillator; Special Function 41.5
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Requirements

(cont’d)

Procedure

Example

Operation

Measurement Mode 1.2 (contd)
(Special Function 1.2)

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Select single sideband offset (use either Special Function 2.1, 2.2 or 2.3).

b. Press 1.2 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.2.

¢c. Set frequency parameters (including the fixed frequency for the system L.O, Spe-
cial Function 3.1). )

d. Calibrate in Mode 1.2 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). External filtering is required during both the calibration
and the measurement. If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and measure.

NOTE

The following example assumes that the Noise Figure Meter is the
controller, on the System Interface Bus. For information on using an
external controller, refer to the Comments section at the end of this
instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measuremenf of a
wide-band amplifierin the 3.5 to 4.5 GHz range using 20 MHz steps and a fixed system
1.O of 5 GHz:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

b. Press 2.1 SPECIAL FUNCTION (or send HP-IB code B1) to select a lower side-
band measurement.
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Measurement Mode 1.2 (conta)
(Special Function 1.2)

Example NOTE

‘]
(contd) Measurement Mode 1.2 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

c. Press 1.2 SPECIAL FUNCTION (or send HP-IB code E2) to activate Mode 1.2.
Note that error E33 (IF will be out of range) is displayed. This erroris cleared when the
correct frequency parameters are entered in step d.

d. Set the frequency parameters for both the calibration and measurement.

- Code - Function — Data . Function
AEO®®E
e | OEOOE @
GB) (BT
BOE (o GOCICEIE]

FA3500MZFB4_5_00MZS§20MZLF5_000MZ

Code - B T- ] T Function
L HP-15 Data L L —— Data
Function Code

(program codes)

Code ¢ Function
Data L Data
Function Code

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP 89708 SYSTEM
NOISE FIGURE METER LOCAL OSCILLATOR
(= ga |

4
SOURCE ) LO OUTPUT
INPUT
NQO1SE
SOURCE
PREAMPLIFIER
RF IF,_U ®1F A PREAMPLIFIER 1S NEEDED

DURING THE MEASUREMENT, IT MUST
BE USED DURING CALIBRATION.

FILTER  MIXER
Figure 3-23. Measurement Made 1.2 Calibration Setup

f. Calibrate the equipment in Measurement Mode 1.2 by pressing CALIBRATE
twice (or sending HP-IB code CA). .
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Example
(cont’d)

. Program
Codes

Indications

Comments

QOperation

Measurement Mode 1.2 (contd)
(Special Function 1.2)

g. To make the measurement, set up the equipment as shown below.

HP 897@B SYSTEM
NOISE FI1GURE METER LOCAL OSCILLATOR
o 58]
oo SEREs ) 2
5 sencofiEE” == 9
SOURCE LO QUTPUT
NOISE INPUT '
SOURCE
DUT
PREAMPL IFIER
(IF NEEDED)
IF
RF Lo

FILTER MIXER
Figure 3-24. Measurement Mode 1.2 Setup

h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

i. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
1500 to 500 MHz in 20 MHz steps but will display the microwave measurement fre-
quency of 3500 to 4500 MHz. After the single sweep s completed, the instrument halts.

The HP-IB code for Measurement Mode 1.2 is E2 (or 1.25P).

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain ofthe DUT at

the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Meter and system local

oscillator. The following general conditions must be observed when using an external
controller:

a. Connect the system local oscillator and the external controller to the HP-IB
connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that there is
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is TO0).
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Measurement Mode 1.2 (contad)
(Special Function 1.2)

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the device under test (DUT) out of the measurement
system (refer to the Calibrate Detailed Operating Instruction).

h. Set the system local oscillator to the desired frequency. Refer to the local oscil-

lator’s operating manual for the required HP-IB codes. Allow sufficient time for the
output of the local oscillator to stabilize.

1. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
k. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

1. Setthe Noise Figure Meter’s SINGLE sweep on (HP-1B codeis W2) or AUTO sweep
on (HP-]IB code is W1).

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

n. A method mustbe determined when to step to a new frequency and read the noise
figure results. Thisread operation cannot be completed until the new dataisready. Itis

possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

o. Continue to loop through steps m and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements using Special Func-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions
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Description

Requirements

Operation

Measurement Mode 1.3
(Special Function 1.3)

Measurement mode 1.3 is for frequency converting DUTs with a fixed IF less than 2047
MHz, and a variable LO which may be controlled (if desired) by the Noise Figure Meter.
A typical DUT is a mixer of receiver. Although the input frequency to the Noise Figure Meter
ranges from 10 MHz to 2047 MHz, the Noise Figure Meter uses the excess noise ratio, ENR,
of the noise source at the DUT input frequency. All the Measurement Modes can be set up
to use many of the other capabilities of the Noise Figure Meter. For example, each mode can
make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND
GAIN measurements, plus the measurement results for each mode can be displayed on an
oscilloscope and output to a recorder or plotter.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.3:

a. The system local oscillator must be connected to the Noise Figure Meter’s SYS-
TEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

¢. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system LO must match the system LO address thatisstoredin
the Noise Figure Meter. Use Special Function 40.1 to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

e HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

custom local oscillator; Special Function 41.5
The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.
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Measurement Mode 1.3 (contd)
(Special Function 1.3)

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.

b. Press 1.3 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.3.

c. Set frequency parameters (including the fixed IF, Special Function 3.0).

d. Calibrate in Mode 1.3. If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and initiate sweep.

Example To make a swept CORRECTED NOISE FIGURE AND GAIN measurement in the 3.0 .
to 4.5 GHz range in 20 MHz steps with a fixed IF of 70 MHz:

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller on the System Interface Bus and the minimum requirements
specified under Requirements are satisfied. Refer to Comments for a
brief description of using an external controller when in Measurement

Mode 1.35.
a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

NOTE

Measurement Mode 1.3 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1 .3 SPECIAL FUNCTION to activate Measurement Mode 1.3.

c. Set the frequency parameters for both the calibration and measurement.
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Example
(cont’d)

Operation

Measurement Mode 1.3 (contd)

(Special Function 1.3)

LOCAL
(keystrokes)

CICIC) (o)

Function Function

() (o) (o] [om)
) (D)) (o) (wm]
ola
DE @

L HP-B

(program codes)

E3IF70MZFA3000MZFB4500MZSS20MZ

Code—-:r ‘ T Function
Code Data
Data Code
Function Function
Code Data
Data Code

Function

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP 88708
NOISE F1GURE METER

I BE|

oo gome 2

® goooo 88887 55

¥IF THE PREAMPLIFIER IS USED DURING THE MEASUREMENT,
SOURCE S%%IRSC% INPUT IT MUST BE USED DURING THE CALIBRATION.
*PREAMPLIFIER

Figure 3-25. Measurement Mode 1.3 Calibration Setup

e. Calibrate the equipment in Measurement Mode 1.3 by pressing CALIBRATE

twice.

f To make the measurement, set up the equipment as shown below.

HP 897@B SYSTEM
NOISE FIGURE METER LOCAL OSCILLATOR

a nung
o

LO OUTPUT
INPUT

PREAMPLIFIER
CIF NEEDED3

NOISE I
SOURCE
|

L0

DuT
(MIXER OR RECEIVER)
Figure 3-26. Measurement Mode 1.3 Setup

g. Press CORRECTED NOISE FIGURE AND GAIN.

h. Press SINGLE. The Noise Figure Meter will sweep the system LO from 3 GHz to
4.5 GHz in 20 MHz steps and halt.
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Measurement Mode 1.3 (contd)
(Special Function 1.3)

The HP-IB code for Measurement Mode 1.3 is E3 (or 1.3SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.3.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at

the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
system LO and the Noise Figure Meter in Measurement Mode 1.3. The following
general conditions must be observed when using an external controller:

a. The system local oscillator and the external controller must be connected to the
HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is TO0).
f. The correct measurement parameters (for example, Measurement Mode, frequen-

cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the DUT out of the measurement system (refer to the
Calibrate Detailed Operating Instruction).

h. Send the command “RM 2EN RS CA”, Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

k. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

1. Set the system LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the system
LO to stabilize.

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.
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Operation
Measurement Mode 1.3 (conta)
(Special Function 1.3)
Comments n. A method mustbe determined when to step to a new frequency and read the noise
(cont’d) figure results. This read operation cannot be completed until the new datais ready. Itis

possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

0. Continue to loop through steps 1, m, and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements, using Special Fune-
tions 2.1 through 2.3.

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
HP-IB and System Interface Bus (SIB) Addresses
Sideband Selection
Special Functions
Trigger Selection
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Measurement Mode 1.4
(Special Function 1.4)

Description Measurement Mode 1.4 is for frequency converting DUTs with a broadband variable IF output .
ranging from 10 to 1600 MHz (2047 MHz, opt 020) and a fixed LO, which may be controlled
(if desired) by the Noise Figure Meter. A typical DUT is a receiver or mixer with a full RF
bandwidth IF or a satellite receiver block down converter. The measurement frequencies
entered and displayed on the Noise Figure Meter correspond to the swept IF START, STOP
and STEP frequencies. The Noise Figure Meter automatically calculates the DUTs input
frequency and uses the excess noise ratio (ENR) at this frequency for noise calculations. All
the measurement Modes can be set up to use many of the other capabilities of the Noise Figure
Meter. For example, each mode can make either UNCORRECTED NOISE FIGURE or
CORRECTED NOISE FIGURE AND GAIN measurements, plus the measurement results for
each mode can be displayed on an oscilloscope and output to a recorder or plotter.

Requirements  The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.4:

a. The system local oscillator must be connected to the Noise Figure Meter’s SYS-
TEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

c. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator
address that is stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator address) to display and change this address if necessary. The default
address is 19, after using Special Function 0.9,

e. The correct system local oscillator program must be active if the Noise Figure

Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

o HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power. , .
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Description
(cont'd)
Procedure

Example

Operation

Measurement Mode 1.4 (contd)
(Special Function 1.4)

Use Special Function 42 to define a new program for other system local oscillators.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Set the frequency parameters. The frequency parameters include the frequency of the
system LO or DUT LO (Special Function 3.1); and the sideband selection (Special Functions
2.0, 2.1 or 2.2 for double, lower or upper sideband). Note that the START, STOP and STEP
frequencies refer to the IF frequencies. Special Function 3.1 and 2.1 or 2.2 must be used, even
if the DUT’s LO isn’t on the SYSTEM INTERFACE BUS so the Noise Figure Meter will be
able to correctly determine the DUT’s input frequency and, therefore, choose the appropriate
ENR. If the DUT has its own internal LO, then disable the LO on the SYSTEM INTERFACE
BUS, (Special Function 46.1).

b. Press 1.4 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.4.

¢. Calibrate in Mode i.4 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

d. Insert DUT and measure.
e. The left display shows the swept IF.

NOTE

The following example assumes that the Noise Figure Meter is the
controller, on the System Interface Bus. For information on using an
external controller, refer to the Comments section at the end of this
instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement over an IF
of 10 MHz to 1 GHz using 20 MHz steps with a fixed system LO frequency of 10 GHz:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

b. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.4 (contd)
(Special Function 1.4)

Example .
(cont!d) | p— Code e, Function pr—— Data vee—. FUnCtiOﬂ

ocAL @@@@ @

(keyslrpkes] o ) .
® O =
E3]enlEn) E]Eu"ﬁ'é'x‘.h..a DEEEE 6
i FA10MZFB1000MZSSZOMZLF1OOQOIMZ
7 Code: -E.__ Functlon
R HP-15 3 ‘ Data — Data
. ' Functlon' :Code
[prugram codes) ‘.C_qde: Funcnoi{
Data, Data,
Function - Code’

c. Press 1.4 SPECIAL FUNCTIONA(or send HP-IB code E4) to activate Measurement
Mode 1.4.

d. To calibrate the Noise Figure Meter, set up the equipment as shown below. .

HP 88728
NO1SE FIGURE METER

oogegogee O
® gooooBEEE” T @
%1F THE PREAMPLIFIER 1S NEEDED FOR THE MEASUREMENT,
SOURCE SNDUIRSC% INPUT IT MUST BE USED DURING THE CALIBRATION.
*PREAMPLIFIER

Figure 3-27. Measurement Mode 1.4 Calibration Setup

e. Calibrate the equipment in Measurement Mode 1.4 by pressing CALIBRATE
twice (or sending HP-IB code CA).

£ To make the measurement, set up the equipment as shown below.

HP 897088 SYSTEM
NOISE FIGURE METER LOCAL. OSCILLATOR
[=
o oooc g gopa
5 ¢ ow oo DHEE 8 ‘GB
g oo op BEE6
SOURCE IBDI MHz LO OUTPUT
INPUT
PREAMPLIFIER
(IF NEEDED)

NOISE I
SOURCE
RF;

DUT
(MIXER OR RECEIVER)

Figure 3-28. Measurement Mode 1.4 Setup
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Example
(cont'd)

Program
Codes

 HP-1B 4

Indications

Commentis

Operation

Measurement Mode 1.4 (contd)
(Special Function 1.4)

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from

10 to 1000 MHz in 20 MHz steps. After the single sweep is completed, the instrument
halts.

The HP-IB code for Measurement Mode 1.4 is E4 (or 1.45P).

The left display shows each IF frequency at which a measurementis made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at

the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Meter and system local

oscillator. The following general conditions must be observed when using an external
controller:

a. The system local oscillator and the external controller must be connected to the -
HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is T0).
£ The correct measurement parameters (for example, Measurement Mode, frequen-

cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the device under test (DUT) out of the measurement
system (refer to the Calibrate Detailed Operating Instruction).

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j. Special Function 30.1 (trigger hold) must be active (HP-IB code T1).

k. Set the Noise Figure Meter’'s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).
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(cont’d)

Related
Sections
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Measurement Mode 1.4 (contd)
(Special Function 1.4)

1. Set the system local oscillator to the desired frequency. Refer to the local oscil-
lator’s operating manual for the required HP-IB codes. Allow sufficient time for the
output of the system local oscillator to stabilize.

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

n. A method mustbe determined when to step to a new frequency and read the noise
figure results. Thisread operation cannot be completed until the new dataisready. It is
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

o. Continue to loop through steps m and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements, using Special Func-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection

Sideband Selection

Special Functions
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Description

Requirements

Operation

Measurement Mode 1.5
(Special Function 1.5)

Measurement mode 1.5 is for DUTSs with no frequency conversion that operate at frequencies
from 10 MHz to 26.5 GHz. The HP 8971C and its LO are capable of performing both double
and single (default) sideband down conversions into the frequency range of the HP 8970B
Option 020. The typical DUT is an amplifier or a transistor. All the Measurement Modes can
be set up to use many of the other capabilities of the Noise Figure Meter. For example, each
mode can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE
FIGURE AND GAIN measurements, plus the measurement results for each mode can be
displayed on an oscilloscope and output to a recorder or plotter.

NOTE

The HP 8971B/C Noise Figure Test Set and the system local oscillator
are required when making a measurement using Measurement Mode 1.5.

The following minimum requirements are necessary for the Noise Figure Measurement
System (Noise Figure Meter, Noise Figure Test Set and system local oscillator) to
operate in Measurement Mode 1.5.

a. Thesystem local oscillator and the Noise Figure Test Set must be connected to the
Noise Figure Meter's SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is System controller on

System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9).

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using

Special Function 0.9.) or Special Function 45.1 ( Noise Figure Test Set enabled always)
must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if

necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System

Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.)

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:
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Measurement Mode 1.5 (contd)
(Special Function 1.5)

Requirements e HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2 .
(cont’d) « HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3

e HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other systém local oscillators.

Procedure There are many possible measurement procedures. However, the following general
- procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify that the minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.5 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.5.

d. Set frequency parameters.
e. Select sideband operation desired (Special Function 17).
. Select appropriate smoothing (Special Function 13).

g. Perform a Noise Figure Test Set Fine Tuning Calibration. Refer to the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction.
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Procedure
(cont’d)

Example

Measurement Mode 1.5 (contd)

(Special Function 1.5)

Operation

h. Calibratein Mode 1.5 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). If a preamplifier is required for the measurement, the
preamplifier must be used in the calibration.

i. Insert device under test (DUT) and measure.

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement in the 3000 to 4000 MHz range in 10 MHz steps:

a. Press PRESET to establish initial conditions. Single sideband (Special Function
17.0) is active when PRESET is pressed.

b. Press 1.5 SPECIAL FUNCTION to set the Noise Figure Measurement System to

Measurement Mode 1.5.

c. Set the frequency parameters for both the calibration and measurement.

d. Enter actual ENR for the Noise Source, if this has not previously been done.

p— Code —,

ER1ENIED

LOCAL
(keystrokes)

Function
SPECIAL
FUNGTION

START
FREQ
STOP
FREQ
STEP
SIZE

A— Data T,

Slololo

Function

‘ ENTER '

L)) e

) (o)

()]

m Code

Data
(program codes)

Code S— l

E5FA3000MZFB4000MZSS10MZ

Function
Code

=

Function
Data
Code
Function
Data

e. To calibrate and perform a Noise Figure Test Set Fine Tuning Calibration, set up

the equipment as shown below.
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HP 8970B
Measurement Mode 1.5 (contd)
(Special Function 1.5)
SYSTEM
Exan;;;le =0CAL OSPILLATOR HP 8971B/C NOISE
con
( ) m FIGURE TEST SET
< A4
u.'.IUTPUT o RF T2
HP 8970B INPUT  INPUT DUTPUT
NOISE FIGURE METER
[= BE]
SrEBEE, o5 K
o odnmBEEEn OO *PREAMPLIFIER / \
NOISE SOURCE INPUT
DRIVE OUTPUT NOISE SQURCE
.r—-"'l

#1F THE PREAMPLIFIER IS NEEDED
FOR THE MEASUREMENT. IT MUST A
BE USED DURING CALIBRATION.

Figure 3-29. Measurement Mode 1.5 Calibration Setup

f. Calibrate and fine tunein Measurement Mode 1.5 by pressing CALIBRATE twice
(or send HP-IB code CA). PRESET enabled a fine tune (Special Function 36.0) to be
done each time a calibration is done.

SYSTEM
LOCAL OSCILLATOR

g. To make the measurement, set up the equipment as shown below.
HP 8971B/C NOISE

m FIGURE TEST SET
G A4

LOUTPUT Lo RF 1F
HP 89788 INPUT INPUT QUTPUT
NOISE FIGURE METER
o Be]
PREAMPLIFIER

A ooo o ooon
o [ —]

INPUT
NOISE SOURCE DuT

u——
-

(IF NEEDED)

NOISE SOURCE
DRIVE OUTPUT

Figure 3-30. Measurement Mode 1.5 Setup

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same direc-

tion as the calibration, for example, from start frequency to stop
frequency.

h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

i. Press SINGLE (or send HP-IB code W2). The Noise Figure Measurement System
will sweep from 3000 MHz to 4000 MHz in 10 MHz steps and halt.
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Operation
Measurement Mode 1.5 (contd)
(Special Function 1.5)
%gram The HP-IB code for Measurement Mode 1.5 is E5 (or 1.5SP).
Codes
indications The left display shows each frequency at which a measurement is made. The INSER-

TION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISE FIGURE display shows the noise figure of the DUT at the displayed frequency.

Related Calibrate

Sections Noise Figure Test Set YIG Filter Calibration
Measurement Modes
Sideband Selection

Special Functions
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Measurement Mode 1.6
(Special Function 1.6)

Measurement Mode 1.6 is for DUTs with no frequency conversion that operate at frequencies
greater than 26.5 GHz. The measurement system may be single or double sided. The
measuring system uses double conversion with a variable 1st LO (1st IF fixed) driving an
external mixer. The first IF, which can range from 10 MHz to0 26.5 GHz (18 GHz) is further
down converted by the HP 8971C (HP 8971B) and its LO into the frequency range of the HP
8970B. If the 1st IF can be reduced below 1600 MHz (2047 MHz, opt 020), then Measurement
1.1 is a better choice than Measurement 1.6; since Measurement Mode 1.1 requires less
equipment, less noise figure is contributed by the measurement system, and a preamplifier may
not be required. The typical DUT is an amplifier or a transistor. All the Measurement Modes
can be set up to use many of the capabilities of the Noise Figure Meter. For example, each
mode can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE
AND GAIN measurements, plus the measurement results for each mode can be displayed on
an oscilloscope and output to a recorder or plotter.

NOTE

The Noise Figure Meter has limited control of the user controlled LO.
However, in the following text the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments
section at the end of this instruction for an explanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement
System to operate in Measurement Mode 1.6.
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Requirement
(cont’d)

Procedure

Operation

Measurement Mode 1.6 (contd)
(Special Function 1.6)

a. The Noise Figure Test Set and the system local oscillator must be connected

to the Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP-IB
cable.

b. Special Function 48.0 must be active (Noise Figure Meter is the system controller

on the system interface bus; Special Function 48.0 is the default setting, after using
Special Function 0.9).

¢. Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,

after using Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set address) to display and change the address if necessary. The default
address of the Noise Figure Test Set is 10, after using Special Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System

Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address, if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

o HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

o HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
o HP 8340B/8341B Sweep Oscillator; Special Function 41.4

o Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

a. Verify thatthe minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.6 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.6.

d. Set frequency parameters (including the fixed IF, Special Function 3.0).
e. Select sideband operation desired. (Special Function 2 and 17)

f. Select appropriate smoothing (Special Funection 13).

g. Enter the ENR table of the noise source.

h. Perform a Noise Figure Test Set fine tuning calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

i. Perform a triggered calibration of the Noise Figure Measurement System, with the
device under test (DUT) out of the measurement system, in Mode 1.6 (this is only
required for a CORRECTED NOISE FIGURE AND GAIN measurement). The user
controlled local oscillator must be set up for each of the calibration points. If external
filtering and a preamplifier are required for the measurement, external filtering and
the preamplifier must be used during calibration.

j. Insert the DUT into the measurement system and make a noise figure or noise
figure and gain measurement.

To make a swept single sideband CORRECTED NOISE FIGURE AND GAIN meas-
urement in the 20 to 24 GHz range in 200 MHz steps with a fixed IF of 3.5 GHz.

NOTE

This example assumes that the Noise Figure Meter is acting as a
controller and the minimum requirements specified under Requirements
are satisfied. Refer to Comments for a brief description of using an
external controller when in Measurement Mode 1.6.

a. Press PRESET to establish initial conditions.

NOTE

Single sideband (Special Function 17.0) was enabled, for the Noise
Figure Test Set, when PRESET was pressed.

Measurement Mode 1.6 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.6 SPECIAL FUNCTION to activate Measurement Mode 1.6,

c. Set the frequency parameters for both the ca.libration and measurement,
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Example
(cont’d)

Measurement Mode 1.6 (contd)
(Special Function 1.6)

Operation

d. Enter actual ENR for the noise source, if this has not previously been done.

e. Press2.1 SPECIAL FUNCTION to select a lower sideband measurement. Special
Function 2.1 is used to select the sideband operation desired for the first frequency
conversion, using the user controlled local oscillator and the external mixer.

NOTE

When a single sideband measurement is being made, the user must
place a filter between the device under test and the external mixer to

eliminate the unwanted sideband.

f. Configure the user controlled local oscillator to produce a 3.5 GHz IF at theinput of
the Noise Figure Measurement System. The correct frequency to set the user controlled

local oscillator to can be viewed by using Special Function 3.2.
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g. To calibrate the Noise Figure Measurement System and perform a Noise Figure

Test Set Fine Tuning Calibration, set up the equipment as shown below.
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

SYSTEM
Example LOCAL OSCILLATOR

(cont'd) HP 8971B/C NOISE
FIGURE TEST SET

< N
V] =' 11
EUTPUT Lo RF 1F
INPUT  INPUT DUTPUT
HP 897@B USER CONTROLLED
NOISE FIGURE METER LLOCAL OSCILLATOR 1F
{o BB A QUTPUT Lo
ceepgEREE, LB [V
° geemoBSER" 55 ¢ MIXER T ge
NOISE SDURCE INPUT
DRIVE OUTPUT S%?JIRSCEI;: ¥PREAMPLIFIER *FILTER
! _I\
. VNI § V

%IF THE PREAMPLIFIER AND FILTER ARE NEEDED DURING THE MEASUREMENT (THE FILTER IS ADDED IF A
SINGLE SIDEBAND MEASUREMENT IS BEING MADE)., THEY NEED TO BE USED DURING CALIBRATION.

Figure 3-31, Measurement Mode 1.6 Calibration Setup

NOTE

A Noise Figure Test Set Fine Tuning Calibration may need to be done
separately from the measurement system calibration (step h). The sep-
arate fine tuning calibration is needed if a mixer is being used out in
front of the Noise Figure Measurement System and a preamplifier is
not being used. An Excess Noise Ratio (ENR) of 13 dB or greater is

needed at the input to the Noise Figure Test Set during the fine tuning
calibration.

h. Calibrate and fine tune in Measurement Mode 1.6 by performing a triggered
calibration. The user controlled local oscillator frequency must be set up before the
Noise Figure Meter is triggered. PRESET enabled a fine tune (Special Function 36.0)
to be done each time a calibration is done. Enable the calibration and fine tune by
pressing the CALIBRATE key twice.

i. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR

HP 8971B/C NOISE
FIGURE TEST SET
d 11
LQUTPUT LO RF IF
INPUT INPUT auTPUT
HP 897¥B USER CONTROLLED
NOISE FIGURE METER LOCAL OSCILLATOR -
[a BE{ OUTPUT Lo
cow B g, o8
S qonemBERET oo § MIXER “Fge
NOISE SOURCE INPUT
PREAMPLIF1ER
DRIVE OUTPUT ouT C1F NEEDEDS *FILTER
g I}
T Re—— I—J
NOISE SOURCE L

¥THE FILTER 1S ADDED IF A SINGLE SIDEBAND MEASUREMENT 1S BEING MADE.

Figure 3-32. Measurement Mode 1.6 Setup
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated
points can be skipped. Also, the measurement must be done in the

same direction as the calibration, for example, from start frequency to
stop frequency.

j. Press CORRECTED NOISE FIGURE AND GAIN.

k. Perform a triggered sweep of the user controlled local oscillator and the Noise
Figure Measurement System to gather the data.
AN

The HP-IB code for Measurement Mode 1.6 is E6 (or 1.6SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.6.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT

at the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator. The following general conditions must be
observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that there
is no HP-IB code for this special function.

d. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary for applicable
HP-IB codes.

f. Perform a triggered Noise Figure Test Set Fine Tuning Calibration and Noise
Figure Measurement System Calibration with the DUT out of the measurement
system (refer to the Calibrate Detailed Operating Instruction and the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction).

A Noise Figure Test Set Fine Tuning Calibration may need to be done separately from
the measurement system calibration. The separate fine tuning calibration is needed if
a mixer is being used out in front of the Noise Figure Measurement System and a
preamplifier is not being used. An ENR (Excess Noise Ratio) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning calibration.
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Measurement Mode 1.6 (conta)
(Special Function 1.6)

g. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).

h. Set the user controlled local oscillator to the desired frequency, depending on the
sideband selection. If double sideband was selected, the oscillator should be set to the
measurement frequency. If lower sideband was selected, the oscillator should be set to
the measurement frequency plus the IF. If upper sideband was selected, the oscillator
should be set to the measurement frequency minus the IF. If sum (upconversion;
Special Function 2.3) was selected, set the oscillator to the IF minus the measurement
frequency. Refer to the user controlled local oscillator’s operating manual for the
required HP-IB codes. Allow sufficient time for the output of the user controlled local
oscillator to stabilize.

i. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for it will be ignored.

j. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready status bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

k. Continue to loop through steps h, i and j. A method for determining when the
calibration will be completed must be programmed into the external controller. One
method is to compare the frequency that is sent to the user LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete Status Bit. Refer to Enabling the Service Request
Condition, paragraph 3-30.

1. Insert the device under test (DUT) into the measurement system.

m. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-1B code is W1).

n. Repeat step h.

o. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for Special Function 30.2 as it will reset the sweep.

p. A method must be determined when to step to a new frequency after reading the
noise figure resunlts. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

g. Continue to loop through steps n, o and p. A method for determining when the
measurements are complete must be programmed into the external controller, One
method is to compare the measurement frequency read from the Noise Figure Meter
with the stop frequency programmed into the Noise Figure Meter and terminate the
program after the measurement in which they are equal.
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Comments
(cont’d)

Operation

Measurement Mode 1.6 (contd)
(Special Function 1.6)

User Controlled Local Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system LO and the user controlled LO are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
controlled 1O is to be controlled by the custom LO program (Special Function 41.5) and
the system LO s controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter will not
check to see if an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE .
Any steps within the measurement instruction that say to set the user
controlled LO manually may be ignored. Where the user controlled Lo
was set manually the Noise Figure Meter will set the LO.

a. The user controlled LO must be connected to the Noise Figure Meter’'s SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled LO on the
System Interface bus).

c. The address of the user controlled LO must match the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.

‘ NOTE
If Special Function 96.1 is active (enable the user controlled LO)andthe
Noise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system LO and the user controlied LO are using the same predefined program (Special
Function 41). Or, if the user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlled by the same predefined
program, zero is entered after Special Function 96.31s enabled. If the user controlled LO
is being controlled by the custom LO program, oneis entered after Special Function 96.3

is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, keyinQor1
and press ENTER.

If the system LO and the user controlled LO are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled LO. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user contrelled LO is to be controlled by the custom LO program and the system
LO is controlled by another predefined program, the Noise Figure Meter hasincreased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of characters in the prefix and in the suffix. Since the maximum number of
characters in the prefix and suffix is twenty-two, the frequency prefix and suffix
determines the number of additional commands that can be added. The output power
level and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlled LO:

1.

NOTE

When the user controlled LO is conirolled by the custom LO program,
Special Function 41.5 is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Function42.7. With Special Function 96.3 set to 1, the frequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

Special Function 42.7 must be active (frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
Each time a decimal is keyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:

ASCII prefix count, F, R, suffix count, M, Z, ,P,L,8 D, B

TT JI ITUJL

Decimal 83 ‘ | ?g Decimal
77— 80
90 —m—/ - 32

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) is the frequency suffix followed by a space (decimal 32). “PL” (decimal 80 and 76)

is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66) is the
power suffix.
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Sections

Operation

Measurement Mode 1.6 (contd)
(Special Function 1.6)

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command.

In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters could be added to
the suffix to control other functions.

e. Pressing the FREQUENCY key will exit the user from special function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF Selection

Measurement Modes

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.7
(Special Function 1.7)

Measurement mode 1.7 is for DUTs with no frequency conversion and operating at
frequencies greater than 26.5 GHz. The measurement system is single sideband and double
conversion. The 1st conversion is done using an external mixer and a fixed LO (wideband
1st IF). The HP 8971C and its LO perform the second conversion using a variable LO to
produce a fixed 2nd IF in the range of the HP 8970B Option 020. This is a convenient
measurement system to cover a wide measurement bandwidth at millimeter frequencies with
a less expensive fixed 1st LO. Wideband filters preceding the system’s first mixer are used
to eliminate the image to obtain single sideband measurements. (Typically these filters are
either lowpass or "waveguide beyond cutoff" highpass structures). The typical DUT is an
amplifier or a transistor. All the Measurement Mode can be set up to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements, plus the measurement results for each mode can be displayed on an
oscilloscope and output to a recorder or plotter.

NOTE

The Noise Figure Meter has limited control of the user controlled LO.
However, in the following tezt the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments

section at the end of this instruction for an ezplanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement
System and the user controlled local oscillator to operate in Measurement Mode 1.7.
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Requirements
(cont'd)

Procedure

Operation

Measurement Mode 1.7 (contd)
(Special Function 1.7)

a. The system local oscillator and the Noise Figure Test Set must be connected

to the Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP-IB
cable.

b. Special Function 48.0 must be active (Noise Figure Meter is system controller on

System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9).

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,
after using Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if

necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System

Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

e HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

¢ HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
¢ HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. The user controlled local oscillator must be configured to produce the desired IF

(10 to 26500 MHz). The user controlled local oscillator is not controlled by the Noise
Figure Meter.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify thatthe minimum requirements speciﬁed under Requirements are satisfied.

b. Press PRESET.

c. Press 1.7 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.7.

d. Set frequency parameters (including the fixed frequency for the user controlled
local oscillator, Special Function 3.1).

e. Select sideband operation desired (Special Functions 2.1 through 2.3 and 17,
Special Function 2.1 is the default.)

f. Select appropriate smoothing (Special Function 13).
g. Enter the noise source ENR table.

h. Setthe user controlled local oscillator to the frequency specified by Special Func-
tion 3.1.

i. Perform a Noise Figure Test Set Fine Tuning Calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating Instruction.

j. Calibrate the Noise Figure Measurement System in Mode 1.7 (this is only required
for a CORRECTED NOISE FIGURE AND GAIN measurement). External filtering is
required during both calibration and the measurement. If a preamplifier is required for
the measurement, the preamplifier must be used in the calibration.

k. Insert DUT and make a noise figure or noise figure and gain measurement.

NOTE

The following example assumes that the Noise Figure Meter is the
controller. An external controller can be used to control the Noise Figure
Measurement System and the user controlled local oscillator. For more

information on using an external controller, refer to Comments at the
end of this instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a
wideband amplifier in the 20 to 30 GHz range using 200 MHz steps:
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Operation
Measurement Mode 1.7 (contd)
(Special Function 1.7)
Example a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
(cont'd) selects a single sideband measurement (Special Function 17.0) for the Noise Figure

Test Set.

NOTE

Measurement Mode 1.7 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of range).

b. Press 1.7 SPECIAL FUNCTION (or send HP-IB code E7) to activate Mode 1.7.

c. Special Function 2.1 was activated when Special Function 1.7 was enabled.
Special Function 2.1 is used to select single sideband operation for the first frequency
conversion, using the user controlled local oscillator and the external mixer.

NOTE
When a single sideband measurement is being made, the user must

place a filter between the device under test and the external mixer to
eliminate the unwanted sideband.
d. Set the frequency parameters for both the calibration and measurement.

e. Enter the noise source ENR table, if this has not already been done.

f. Setthe user controlled local oscillator to the frequency specified by Special Func-
tion 3.1.
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g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below. Ensure the
user controlled local oscillator frequency is set before calibration. PRESET enabled a

fine tuning calibration (Special Function 36.0) each time the Noise Figure Measure-
ment System is calibrated.

SYSTEM
LOCAL OSCILLATOR

HP 8371B/C NQISE

€=»

FIGURE TEST SET
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EUTPUT

=

Lo
INPUT

RF IF

INPUT
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NOISE FIGURE METER
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NOISE SOURCE

INPUT
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*¥PREAMPLIFIER

OUTPUT Lo C D
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IF
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DRIVE QUTPUT
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#IF THE PREAMPLIFIER AND FILTER ARE NEEDED DURING THE MEASUREMENT (THE FILTER 1S ADDED IF A

SINGLE SIDEBAND MEASUREMENT 1S BEING MADE). THEY NEED TD BE

USED DURING CALIBRATION.

Figure 3-33. Measurement Mode 1.7 Calibration Setup
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

NOTE

A Noise Figure Test Set Fine Tuning Calibration may need to be done
separately from the measurement system calibration (step h). The
separate fine tuning calibration is needed if a mixer is being used out in
front of the Noise Figure Measurement System and a preamplifier is not
being used. An Excess Noise Ratio (ENR) of 13 dBor greater is needed at
theinput to the Noise Figure Test Set during the fine tuning calibration.

h. Calibrate and fine tune the equipment in Measurement Mode 1.7 by pressing
CALIBRATE twice (or sending HP-IB code CA).

i. To make the measurement, set up the equipment as shown below.

HP 8971B/C NOISE
FIGURE TEST SET

SYSTEM
LOCAL OSCILLATOR

< A4
u)UTPUT L0 RF IF
INPUT  INPUT oUTPUT
HP 897@B USER CONTROLLED
NOISE FIGURE METER LOCAL OSCILLATOR IF
Ta EB|
QUTPUT La
o Do o Dopo =] <:
o 0o £ ggoop [ i ema e
§ooooBREE = § MIXER Ygr
NOISE SOURCE INPUT
DRIVE OUTPUT I ouT PREAMPLIFIER  r1LTER
NDISE SOURCE
™ 1 P\\
| V

%THE FILTER 15 ADDED IF A SINGLE SIDEBAND MEASUREMENT IS BEING MADE.

Figure 3-34. Measurement Mode 1.7 Setup

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency.

This example assumes that the user controlled local oscillator is tuned
to the specified frequency of 35 GHz.

j. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).
k. Press SINGLE (or send HP-IB code W2). The Noise Figure Measurement System

will sweep from 15000 to 5000 MHz in 200 MHz steps but will display the microwave

measurement frequency of 20000 to 30000 MHz. After the single sweep is completed, the
instrument halts.
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

The HP-IB code for Measurement Mode 1.7is E7 (or 1.7SP). Additional HP-IB codes are
given, in the Comments section, when using an external controller.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator in Measurement Mode 1.7. The following general
conditions must be observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

d. Special Function 30.0 (free run) must be active (HP-IB code is T0).
e. The correct measurement parameters (for example, Measurement Mode, frequen-

cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Set the user controlled local oscillator to the appropriate frequency. Refer to the

local oscillator’s operating manual for the required HP-IB codes. Allow sufficient time

for the output of the local oscillator to stabilize.

g. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).

A Noise Figure Test Set Fine Tuning Calibration may need to be done separately from
the measurement system calibration. The separate fine tuning calibration is needed ifa
mixer is being used out in front of the Noise Figure Measurement System and a
preamplifier is not being used. An Excess Noise Ratio (ENR) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning calibration.

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.

j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).
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Measurement Mode 1.7 (contq)
(Special Function 1.7)

k. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps 1 and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency thatisread from Noise Figure Meter
with the stop frequency programmed into the Noise Figure Meter and terminate the
program after the measurement in which they are equal.

User Controlled Local Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system LO and the user controlled LO are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
controlled LO is to be controlled by the custom LO program (Special Function 41.5) and
the system LO is controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter will not
check to see if an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE
Any steps within the measurement instruction that say to set the user
controlled LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. The user controlled LO must be connected to the Noise Figure Meter’s SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled LO on the
System Interface bus).

¢. The address of the user controlled LO must match the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.

NOTE
If Special Function 96.1 is active (enable the user controlled LO) and the
Noise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system L.O and the user controlled LO are using the same predefined program (Special
Function 41). Or, if the user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlled by the same predefined
program, zero is entered after Special Function 96.3 is enabled. If the user controlled LO
is being controlled by the custom LO program, oneis entered after Special Function 96.3
is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, keyin O or 1
and press ENTER.

If the system LO and the user controlled L.O are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled 1.O. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlled LO is to be controlled by the custom LO program and the system
LOis controlled by another predefined program, the Noise Figure Meter has increased
control of the user controlied LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of characters in the prefix and in the suffix. Since the maxtmum number of
characters in the prefix and suffix is twenty-two, the frequency prefix and suffix
determines the number of additional commands that can be added. The output power
level and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlled LO:

NOTE

When the user controlled LO is controlled by the custom LO program,
Special Function 41.5is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Function 42.7. With Special Function 96.3 set to 1, the frequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

1. Special Function 42.7 must be active (frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

2. Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
Each time a decimal is keyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:
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Measurement Mode 1.7 (contd)
(Special Function 1.7)
ASCII prefix count, F, R, suffix count, M, Z, ,P, L, 8, D,B
|
2 . 66
70 — , 68
Decimal 82 , gg Decimal
i 80
90 —— 32

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) is the frequency suffix followed by a space (decimal 32). “PL” (decimal 80 and 76)

is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66) is the
power suffix.

A space can be used between each command set. Asthe example shows a space was
placed between the frequency prefix and suffix and the power setting command.

In the example ten characters were used. Since twenty-two characters can be used

between the frequency prefix and suffix, twelve more characters could be added to
the suffix to control other functions.

Pressing the FREQUENCY key will exit the user from special function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions
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Measurement Mode 1.8
(Special Function 1.8)

Measurement Mode 1.8 is for DUTs with frequency conversion and a variable DUT LO. The
measurement system expects a fixed IF at a frequency ranging from 10 MHz to 26.5 GHz. If
the 1st IF can be reduced below 1600 MHz (2047 MHz, opt 020), then Measurement 1.3 is a
better choice than Measurement 1.8. Since Measurement 1.3 requires less equipment, less
noise figure is contribiited by the measurement. The Typical DUT is mixer or receiver. All the
Measurement Modes can be set up to use many of the other capabilities of the Noise Figure
Meter. For example, each mode can make either UNCORRECTED NOISE FIGURE or
CORRECTED NOISE FIGURE AND GAIN measurements, plus the measurement results for

each mode can be displayed on an oscilloscope and output to a recorder or plotter.

NOTE

The Noise Figure Meter has limited control of the user controlled LO.
However, in the following text the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments

section at the end of this instruction for an ezplanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement
System and user controlled local oscillator to operate in Measurement Mode 1.8.
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Measurement Mode 1.8 (cont'd)
(Special Function 1.8)

a. The system local oscillator and the Noise Figure Test Set must be connected

to the Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP-IB
cable.

b. Special Function 48.0 must be active (Noise Figure Meter is system controller on

System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9).

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,

after using Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set address) to display and change the address if necessary. The default
address for the Noise Figure Test Set is 10, after using Special Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus: Special Function 46.0 is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

o HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

o HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
o HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. Configure the user controlled local oscillator to produce the desired frequency.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
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Measurement Mode 1.8 (contd)
(Special Function 1.8)

Procedure system noise figure and therefore reduce the measurement uncertainty.
(cont'd) For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.

b. Press PRESET.

c. Press 1.8 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.8.

d. Set frequency parameters (including the fixed IF, Special Function 3.0).

e. Enter the ENR table for calibration (Special Function 5.7) and the ENR table for

the measurement (Special Function 5.8). Refer to the ENR Table Entry Detailed Oper-
ating Instruction for more information.

f. Select appropriate smoothing (Special Function 13).
g. Select sideband operation desired. (Special Function 2 and 17)

h. Perform a Noise Figure Test Set Fine Tuning Calibration. Refer to the Noise
Figure Test Set YIG Calibration Detailed Operating Instruction for more information.

i. With the device under test (DUT) removed, perform a calibration of the Noise
Figure Measurement System in Mode 1.8 (this is only required for a CORRECTED
NOISE FIGURE AND GAIN measurement). If a preamplifier is required for the
measurement, the preamplifier must be used in the calibration.

j. Insert DUT and measure the noise figure or noise figure and gain of the DUT.

Example To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement in the 30 to 45 GHz range in 200 MHz steps with a fixed IF of 4000 MHz.

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller and the minimum requirements specified under Requirements
are satisfied. Refer to Comments for a brief description of using an
external controller when in Measurement Mode 1.8.

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET

selects a single sideband measurement (Special Function 17.0) for the Noise Figure
Test Set.

NOTE

Measurement Mode 1.8 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of range).

b. Press 1.8 SPECIAL FUNCTION to activate Measurement Mode 1.8.
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(Special Function 1.8)

c. Set the frequency parameters for both the calibration and measurement.

LOCAL
[keystrokes)

pmnae Code e, Function . Data ~.  Function
OO et
() D () (o) it |
)
E WEEEE)
| ()]
O OO®CE @

| HP-1B 2

{program codes)

EBB11F4000MZFA30000MZFB45000MZSS200MZ

Code ———T | 7] _r—C Function
Code Data
Code Code

Data——mm™8™™ Function
Function Data
Code C{)de
Data Function

d. Enter the calibration and measurement ENR tables, if this hasn’t already been
done (Special Functions 5.7 and 5.8).

e. Press 2.1 SPECIAL FUNCTION to enable a lower sideband measurement. Spe-
cial Function 2.1 is used with the first frequency conversion, using the user controlled
local oscillator and the device under test.

NOTE

When a single sideband measurement is being made, the user must
place a filter between the noise source and the device under test to
eliminate the unwanted sideband.

f. Configure the user controlled local oscillator to produce a 4 GHz IF at the input of
the Noise Figure Measurement System. The correct frequency to set the user controlled
local oscillator to can be viewed by using Special Function 3.2.
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Measurement Mode 1.8 (contd)
(Special Function 1.8)
Example g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
(cont’d) Test Set Fine Tuning calibration, set up the equipment as shown below,
SYSTEM
LOCAL OSCILLATOR
HP 8971B/C_NOISE
m FIGURE TEST SET
& 41
LUUTPUT LO RF 1F
HP 89708 INPUT INPUT SUTPUT
NDISE FIGURE METER
Lo B8R}
s BB, oS KT | *PREAMPLIFIER /.

§ °o oo 5558

NOISE SOURCE INPUT

DRIVE QUTPUT NOISE SOURCE
o
jy SUCESUSIRES

*¥IF THE PREAMPLIFIER IS NEEDED
FOR THE MEASUREMENT, IT MUST
BE USED DURING CALIBRATION.

Figure 3-35. Measuremént Mode 1.8 Calibration Setup

NOTES

For a single sideband measurement, the external filter is not included
during calibration. During calibration the Noise Figure Meter only
accounts for loss after the device under test. Since the filter is before the
device under test, the loss of the filter is not accounted for properly.

To account for the filter’s conversion loss, enter the filter’s loss (in dB)
into the Noise Figure Meter using Special Function 34.2 (loss between
the noise source and device under test). Also, enter the room temperature
of the filter using Special Function 34.3. To turn loss compensation on,
use Special Function 34.1.

h. Calibrate and fine tune in Measurement Mode 1.8 by pressing the CALIBRATE

key twice. PRESET enabled a fine tune (Special Function 36.0) to be done each time a
calibration is done.
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Measurement Mode 1.8 (contd)
(Special Function 1.8)

i. To make the measurement, set up the equipment as shown below.

SYSTEM
L.OCAL OSCILLATOR

HP 8371B/C_NOISE

m FIGURE TEST SET
K NE l

{outeuT Lo RF ¥

INPUT INPUT QUTPUT
USER CONTROLLED
LOCAL QOSCILLATOR

HP 83728
NOISE FIGURE METER

PREAMPLIFIER
{= A8l {IF NEEDED)
oo o ms, o K
= gonomgREE" 55 -
NOISE SDURCE INPUT LDUTPUT Lo
DRIVE OUTPUT

*FILTER

DUT
(MIXER OR RECEIVER) Jgr
NOISE SOURCE

C B

®THE FILTER 1S ADDED IF A SINGLE SIDEBAND MEASUREMENT IS BEING MADE.

Figure 3-36. Measurement Mode 1.8 Setup

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency.

j. Press CORRECTED NOISE FIGURE AND GAIN.

k. Whilein trigger hold mode (Special Function 30.1), press SWEEP SINGLE. Sweep
the user controlled local oscillator from 34000 MHz to 49000 MHz in 200 MHz steps and
trigger a measurement at each frequency of interest.

The HP-IB code for Measurement Mode 1.8 is E8 (or 1.8SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.8.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator. The following general conditions must be
observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the Noise Figure Meter’s HP-IB connector.

b. HP-IB code H1 must be active.
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Measurement Mode 1.8 (contd)
(Special Function 1.8)

¢. Special Function 4.0 (normal talker and listener) must be active. Note that there
is no HP-IB code for this special function.

d. Special Function 30.0 (free run) should be active (HP-IB code is T0).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code’

Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).

g. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

h. Insert the DUT into the measurement system.
i. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

}. Setthe Noise Figure Meter’s SINGLE sweep on (HP-IB codeis W2) or AUTO sweep
on (HP-IB code is W1).

k. Set the user controlled 1.O to the desired frequency, depending on the sideband
selection. If double sideband was selected, the oscillator should be set to the measure-
ment frequency. If lower sideband was selected, the oscillator should be set to the
measurement frequency plus the IF. If upper sideband was selected, the oscillator
should be set to the measurement frequency minus the IF. If sum (upconversion;
Special Function 2.3) was selected, set the oscillator to the IF minus the measurement
frequency. Refer to the user controlled LLO’s operating manual for the required HP-IB
codes. Allow sufficient time for the output of the user controlled LO to stabilize.

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps k, 1 and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency that is read from the Noise Figure
Meter with the stop frequency programmed into the Noise Figure Meter and terminate
the program after the measurement in which they are equal.

User Controlled Local Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system LO and the user controlled L.O are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
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(Special Function 1.8)

controlled LO is to be controlled by the custom LO program (Special Function 41.5) and
the system LO is controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter will not
check to seeif an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instraction:

NOTE
Any steps within the measurement instruction that say to set the user
controlled LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. The user controlled LO must be connected to the Noise Figure Meter's SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled L.O on the
System Interface bus).

¢. The address of the user controlled LO must match the address of the user
controlled L.O stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.

NOTE
If Special Function 96.1 is active (enable the user controlled LO) and the
Noise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system LO and the user controlled LO are using the same predefined program (Special
Function 41). Or, if the user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlled by the same predefined
program, zero is entered after Special Function 96.3 is enabled. If the user controlled LO
is being controlled by the custom LO program, one is entered after Special Function 96.3

is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, key in O or 1
and press ENTER.

If the system LO and the user controlled LO are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled LO. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlled LO is to be controlled by the custom LO program and the system
LOis controlled by another predefined program, the Noise Figure Meter has increased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of characters in the prefix and in the suffix. Since the maximum number of
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Measurement Mode 1.8 (contd)
(Special Function 1.8)

characters in the prefix and suffix is twenty-two, the frequency prefix and suffix
determines the number of additional commands that can be added. The output power
level and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlled LO:

1.

NOTE

When the user controlled LO is controlled by the custom LO program,
Special Function41.5is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Function 42.7. With Special Function 96.3 setto 1, the frequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

Special Function 42.7 must be active (frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
Each time a decimal is keyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:

ASCIl  prefix count, F, R, suffix count, M, Z, , P, L, 8 D, B

TR,

Decimal 8§ ?g Decimal
77— 80
99 —mm 32

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) is the frequency suffix followed by a space (decimal 32). “PL” (decimal 80 and 76)

is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66) is the
power suffix.

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command.
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In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters could be added to
the suffix to control other functions.

e. Pressing the FREQUENCY key will exit the user from Special Function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection

HP-IB Addresses

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

System Interface Bus Control

Trigger Selection
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Measurement Mode 1.9
(Special Function 1.9)

Measurement mode 1.9 is for DUTs with frequency conversion and a fixed DUT LO with
a wideband DUT IF frequencies <26.5 GHz. The measurement system uses the HP 8971C
and its variable LO to convert the wideband DUT JFs (ranging from 10MHz to 26.5 GHz)
into the range of the HP 8970B Option 020. A typical DUT is amicrowave or millimeter wave
block down converter. The measurement system’s IF is variable and the measurement
frequency entered and displayed on the Noise Figure Meter is the swept IF START, STOP
and STEP frequencies. Although the frequency entered on the Noise Figure Meter
corresponds to the DUT IF, (10 MHz to 26500 MHz), the Noise Figure Meter uses the excess
noise ratio, ENR, of the noise source at the DUT input frequency. All the Measurement
Modes can be set up to use many of the other capabilities of the Noise Figure Meter. For
example, each mode can make either UNCORRECTED NOISE FIGURE or CORRECTED
NOISE FIGURE AND GAIN measurements, plus the measurement results for each mode
can be displayed on an oscilloscope and output to a recorder or plotter.

NOTE
The Noise Figure Meter has limited control of the user controlled LO.
However, in the following text the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments

section at the end of this instruction for an ezplanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement
System and user controlled local oscillator to operate in Measurement Mode 1.9.

a. The system local oscillator and the Noise Figure Test Set must be connected
to the Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP-IB

cable.

b. Special Function 48.0 must be active (Noise Figure Meter is system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9.).
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Procedure
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Measurement Mode 1.9 (contd)
(Special Function 1.9)

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,
after using Special Function 0.9.) or Special Function 45.1 ( Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if

necessary. The default address for the Noise Figure Test Set is 10, after using Special
Fuanction 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System

Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

o HP 8671B/8672A Synthesized Signal Generator; Special Function 41.2

o HP 8673B/C/G (Standard)} Synthesized Signal Generator; Special Function 41.3
» HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. The user controlled local oscillator must be configured to produce the desired IF
(10 to 26500 MHz).

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.
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Procedure

(cont'd)

Example

Operation

Measurement Mode 1.9 (contd)
(Special Function 1.9)

a. Verify that the minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.9 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.9.

d. Set the frequency parameters. The frequency pararmeters include the frequency of the
system LO or DUT LO (Special Function 3.1); and the sideband selection (Special Functions
2.0, 2.1 or 2.2 for double, lower or upper sideband). Note that the START, STOP and STEP
frequencies refer to the IF frequencies. Special Functions 3.1 and 2.1 or 2.2 must be used,
even if the DUT’s LO isn’t on the SYSTEM INTERFACE BUS so Noise Figure Meter will
be able to correctly determine the DUT’s input frequency and, therefore, choose the
appropriate ENR. If the DUT has its own internal LO then disable the User Controlled LO
on the SYSTEM INTERFACE BUS (Special Function 96.0).

e. Enter ENR tables for calibration and measurement (use Special Functions 5.7 and
5.8).

f. Select sideband operation desired (Special Function 2 and 17).

g. Setup the user controlled local oscillator to produce the desired output, as specified
by Special Function 3.1.

h. Perform a Noise Figure Test Set Fine Tuning Calibration. For more information,

refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

i. Calibrate the Noise Figure Measurement System in Mode 1.9 (this is only required
for a CORRECTED NOISE FIGURE AND GAIN measurement). If a preamplifier is
required for the measurement, the preamplifier must be used in the calibration.

j. Insert DUT into the measurement system and make a noise figure or noise figure
and gain measurement.

NOTE

The following example assumes that the Noise Figure Meter is the
controller. An external controller can be used to control the Noise Figure
Measurement System and the user controlled local oscillator. For more
information on using an external controller, refer to Comments at the
end of this instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement over an IF of 10 to 12 GHz using 100 MHz steps with a fixed user controlled
local psqﬂlator frequency of 5 GHz.

a. Press PRESET (or send HP-IB code PR) to establiéh initial conditions. PRESET

selects a single sideband measurement (Special Function 17.0) for the Noise Figure
Test Set.

NOTE

Measurement Mode 1.9 must be activated prior to entering the fre-
guency parameters to avoid error E35 (entered value is out of range).

b. Press 1.9 SPECIAL FUNCTION (or send HP-IB code E9) to activate Measure-
ment Mode 1.9.
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Measurement Mode 1.9 (contd)
(Special Function 1.9)

Example c. Set the frequency parameters for both the calibration and measurement.
(cont'd)
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d. Enter the ENR tables for calibration (Special Function 5.7) and the measurement
(Special Function 5.8), if this hasn’t already been done. Refer to the ENR Table Entry
Detailed Operating Instruction for more information.

e. Press 2.1 SPECIALFUNCTION to select a lower sideband measurement. Special
Function 2.1 is used to select the sideband operation desired for the first frequency
conversion, using the user controlled local oscillator and the device under test.

NOTE

When a signal sideband measurement is being made, the user must place a
J[ilter berween the noise source and the device under test to eliminate the

unwanted sideband, if the DUT doesn’t already have one prior to its first
convertor.

f. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below.

®
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Example
(cont'd)

Measurement Mode 1.9 (contg)
(Special Function 1.9)

NOTES

Operation

For a single sideband measurement, the external filter is not included
during calibration. During calibration the Noise Figure Meter only
accounts for loss after the device under test.

To account for the filter’s conversion loss during measurement, enter the
filter’s loss (in dB) into the Noise Figure Meter using Special Function 34.2
(loss between the noise source and device under test). Also, enter the
temperature of the filter using Special Function 34.3. 1o turn loss compen-
sation on, use Special Function 34.1.
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Figure 3-37. Measurement Mode 1.9 Calibration Setup

g. Calibrate the Noise Figure Measurement System and fine tune the Noise Figure
Test Set in Mode 1.9 by pressing CALIBRATE twice (or sending HP-IB code CA).
PRESET enabled a fine tuning calibration (Special Function 36.0) each time the Noise
Figure Measurement system is calibrated.

h. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR

a=»

HP 8871B/C _NOISE
FIGURE TEST SET

-

411

HP
NO

UUTPUT

Lo RF
INPUT INPUT

89708
ISE FIGURE METER

lo

BA|

=1
=}

Sop 5 peme, 2
gaog i B3
§ePPORERs oo §

NOISE SQURCE
DRIVE OUTPUT

INPUT

(|

USER CONTROLLED
LOCAL OSCILLATOR

PREAMPLIFIER
(IF NEEDED)

NOISE SOURCE

| ey

*#FILTER

LDUTFUT Lo

DUT
(MIXER OR RECEIVER)

1F
OUTPUT

\

IF

RF

|
T d

*THE FILTER IS ADDED IF A SINGLE SIDEBAND MEASUREMENT 1S BEING MADE.
Figure 3-38. Measurement Mode 1.9 Setup
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Measurement Mode 1.9 (contd)
(Special Function 1.9)

NOTE

For the Noise Figure Measurement System specifications fo be valid,
the measurement must use the same START FREQ, STOP FREQ) and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same

direction as the calibration, for example, from start frequency to stop
frequency.

This example assumes that the user controlled local oscillator is tuned
to the specified frequency (5 GHz).

i. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

j. Press SINGLE (or send HP-IB code W2). The Noise Figure Measurement System

will sweep from 10 to 12 GHz in 100 MHz steps. After the single sweep is completed, the
system halts.

The HP-IB code for Measurement Mode 1.9 is E9 (or 1.95P). The Comments section
contains additional HP-IB codes, when using an external controller.

The left display shows each IF frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator in Measurement Mode 1.9. The following general
conditions must be cbserved when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

d. Special Function 30.0 (free run) should be active (HP-IB code is T0).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Set the user controlled local oscillator to the appropriate frequency. Refer to the
local oscillator’s operating manual for the required HP-IB codes. Allow sufficient time
for the output of the local oscillator to stabilize.

g. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).
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Comments
(cont’d)

Operation

Measurement Mode 1.9 (contd)
(Special Function 1.9)

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

1. Insert the DUT into the measurement system.
j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

k. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps 1 and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency that is read from the Noise Figure
Meter with the stop frequency programmed into the Noise Figure Meter and terminate
the program after the measurement in which they are equal.

User Controlled Local Osciilator Control

The Noise Figure Meter can control the user controlied LO to a limited extent. If the
system LO and the user controlled LO are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
controlled LO is to be controlled by the custom LO program (Special Function 41.5) and
the system LO is controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter will not
check to see if an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE
Any steps within the measurement instruction that say to set the user
controlled LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. The user controlied LO must be connected to the Noise Figure Meter’s SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled LO on the
System Interface bus).

¢. The address of the user controlled LO must match the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.
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Measurement Mode 1.9 (contd)
(Special Function 1.9)

NOTE
If Special Function 96.1 is active (enable the user controlled LO) and the
Notise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system L.O and the user controlled LO are using the same predefined program (Special
Function 41). Or, if the user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlled by the same predefined
program, zero is entered after Special Function 96.3 is enabled. If the user controlled LO
is being controlled by the custom L.O program, oneis entered after Special Function 96.3
is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, key in O or 1
and press ENTER.

If the system LO and the user controlled LO are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled L.O. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlled LO is to be controlled by the custom LO program and the system
LOis controlled by another predefined program, the Noise Figure Meter has increased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of charactersin the prefix and in the suffix. Since the maximum number of
characters in the prefix and suffix is twenty-two, the frequency prefix and suffix deter-
mines the number of additional commands that can be added. The output power level
and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlled LO:

NOTE

When the user controlled LO is controlled by the custom LO program,
Special Function41.5is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Function 42.7. With Special Function 96.3 set to 1, the frequency
Dprefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

1. Special Function 42.7 must be active (frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

2. Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
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. Commentis

(cont'd)

Related
Sections

Operation

Measurement Mode 1.9 (contd)
(Special Function 1.9)

Each time a decimal is keyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:

ASCII prefix count, F, R, suffix count, M, Z, ,P,L,8,D, B

TT IlrJUJL

Decimal 8% | | 22 Decimal
77— 80
90 — 32

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) is the frequency suffix followed by a space (decimal 32). “PL” (decimal 80 and 76)
is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66) is the
power suffix.

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command.

In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters could be added to
the suffix to control other functions.

e. Pressing the FREQUENCY key will exit the user from Special Function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
ENR Table Entry

Fixed IF or LO Frequency Selection

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

System Interface Bus Control
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Noise Figure Test Set YIG Filter Calibration
(Special Functions 36 and 64)

When the Noise Figure Meter, Noise Figure Test Set and system local oscillator are
configured to form the Noise Figure Measurement System, the passbands of the Noise
Figure Meter and the Noise Figure Test Set must be aligned.

The alignment process involves a Coarse Tuning Calibration (Special Function 64) and
a Fine Tuning Calibration (Special Function 36).

Coarse Tuning Calibration (Special Function 64). The Coarse Tuning Calibration will be

done at the factory and needs to be done when repairs are done to the Noise Figure
Test Set.

NOTE
Sweepers are not recommended as the system local oscillator when the
Noise Figure Test Set is operating in band SSB3. High local oscillator
accuracy is needed by the Noise Figure Measurement System in this
band. A better choice is a local oscillator that is a synthesizer.

The Coarse Tuning Calibration will align the passbands of the Noise Figure Meter and
Noise Figure Test Set at the following frequencies: 2401 MHz, 3000 MHz, and every
500 MHz from 3500 MHz to 26500 MHz. At each of these frequencies, the Noise Figure
Test Set preselector YIG filter is peaked at the frequency being calibrated. The entire
calibration procedure will take about 15 minutes. The Coarse Tuning Calibration is not
needed each time the Noise Figure Measurement System is powered up. Normally, the
Coarse Tuning Calibration will only need to be done once or twice in the lifetime of a

Noise Figure Test Set. The results of the Coarse Tuning Calibration will be saved in
memory, in the Noise Figure Test Set.

NOTE
There is a limit to the number of Coarse Calibrations that can be
performed. Due to the nature of the memory devices in the Noise Figure
Test Set, the number of calibrations is limited to 10000.

Special Function 64.0 is used to enable a Coarse Tuning Calibration. The upper
frequency limit of the Noise Figure Test Set can be changed using Special Function
64.1. The allowable range for Special Function 64.1 is 2400 to 30000 MHz. Special
Function 64.1 is useful if the system local oscillator doesn’t go to 26500 MHz. With
Special Function 64.1, the Noise Figure Test Set can be calibrated to the nearest 500
MHz of the upper frequency limit desired.

NOTE
If the system local oscillator doesn’t go to 26500 MHz, Special Function
64.1 MUST be used. If Special Function 64.1 isn’t used, error code E19
(Noise Figure Test Set Calibration Failed) will be generated.

Fine Tuning Calibration (Special Function 36). Fine tuning calibration is used to align the
passbands of the Noise Figure Meter and Noise Figure Test Set, at the measurement
frequencies defined by START FREQ, STOP FREQ and STEP SIZE. Fine Tuning
Calibration is required when the Noise Figure Test Set is in single sideband operation
(Special Function 17.0) and the measurement frequency is greater than 2400 MHz (SSB3).
There is no limit to the number of times that a Fine Tuning Calibration may be
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Operation

Noise Figure Test Set YIG Filter Calibration (contd)

Description
(cont'd)

(Special Functions 36 and 64)

performed. The Noise Figure Measurement System will perform better the more fre-
quently a Fine Tuning Calibration is done. However, once the Fine Tuning Calibration
is done, a new Fine Tuning Calibration should not be required unless the Noise Figure
Test Set is turned off, the ambient air temperature around the Noise Figure Test Set
changes by more than +5° C since the last Fine Tuning Calibration or the START
FREQ, STOP FREQ or STEP SIZE have been changed.

Fine Tuning Calibration is controlled by Special Functions 36.0 through 36.4.

The progress of the Coarse and Fine Tuning Calibrations may be viewed on an
analog oscilloscope, using Special Functions 97.1 and 97.2. These special functions
can be used to diagnose any measurement system setup problems. Special Functions
97.1 and 97.2 are described in the Example section of this instruction. Refer to
Viewing a Coarse or Fine Tuning Calibration on an Oscilloscope.

The following discussion will help to give a better understanding of Special Functions
36.0 through 36.4, 64.0 and 64.1:

Special Function 36.0 will enable a Fine Tuning Calibration to be done just before the
Noise Figure Measurement System is calibrated, when a CORRECTED NOISE FIG-
URE AND GAIN measurement is to be made. Also, error twenty-eight (E28) is
enabled. Possible causes for error twenty-eight are given in the Comments section, at
the end of this instruction. Error twenty-eight (E28) is a warning to the user and is not
necessarily an indication of any hardware problem.

Special Function 36.1 will disable a Fine Tuning Calibration each time the Noise
Figure Measurement System is calibrated. The user can perform a Fine Tuning Cali-
bration using Special Function 36.3.

Special Function 36.2 disables a Fine Tuning Calibration each time the Noise Figure
Measurement System is calibrated and also disables the error twenty-eight warning.
The user can perform a Fine Tuning Calibration using Special Function 36.3. This
special function is useful if the user is not concerned with absolute accuracy and
understands the accuracy problems associated with not having the Noise Figure Test
Set fine tuned. Possible causes of error twenty-eight are found in the Comments
section at the end of this instruction. Even though the error is not displayed, a
warning indication still exists in the Noise Figure Meter’s extended status byte.
Normally, using special Function 36.2 is not a good idea because it removes the
safeguard of the Noise Figure Measurement System checking to see if a Fine Tune
Calibration is needed.

Special Function 36.3 will perform a Fine Tuning Calibration of the Noise Figure Test
Set, immediately. Special Function 36.1 is enabled, since the Fine Tuning Calibration
has been completed using Special Function 36.3. Additional Fine Tuning Calibrations
are not needed unless the temperature inside the Noise Figure Test Set drifts five
degrees centigrade or new frequency points are to be measured.

Special Function 36.4 allows the user to define additional Fine Tuning Calibration
frequencies, between the frequencies set by START FREQ, STOP FREQ and STEP
SIZE. The passbands are aligned for the frequency point added by Special Function
36.4, but the point added is not a calibrated point of the Noise Figure Measurement
System. In other words, any noise contributed by the Noise Figure Measurement
System has not been factored out at the frequency point added. Special Function 36.4
may be useful for an uncorrected noise figure measurement or as a way of re-fine
tuning a single frequency point.
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Noise Figure Test Set YIG Filter Calibration (cont'd)
(Special Functions 36 and 64)

To select Special Functions 36.0 through 36.3 and 64.0, key in the special function code
desired and press the SPECIAL FUNCTION key. To select Special Function 64.1, press
64.1 SPECIAL FUNCTION, select the frequency desired and press ENTER. To use
Special Function 36.4, press the FREQUENCY key and select the frequency desired.
Press ENTER. Then, press 36.4 SPECIAL FUNCTION.
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Enable Fine Tuning | 36.0 FT
Calibration before
Noise Figure Meas-
urement System
Calibration is done.
Error E28 is enabled.

Disable Fine Tuning | 36.1 FD N Y Y Off Off Off
Calibration before
Noise Figure Meas-
urement System
Calibration is done.

Disable Fine Tuning | 36.2 W Y Y Y Off Off Off
Calibration before -

Noise Figure Meas-
urement System
Calibration is done.
Also, error twenty-
eight is disabled.

Perform a Fine Tun- | 36.3 PF N N N Off | Off Off
ing Calibration from
START FREQ to
STOP FREQ and
enable Special
Function 36.1.

Enable a Fine Tun- 36.4 FIr N N N Off Off Off
ing Calibration at

the current frequency.

Enable a Coarse Tun- | 64.0 CP N N N Off Off Off
ing Calibration.

Set the upper fre- 64.1 CU N N N NC | 26500 | 26500
guency limit of the

Noise Figure Test
Set.
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'Table categories are explained in the Special Functions Detailed Operating Instruction.
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Operation

Noise Figure Test Set YIG Filter Calibration (conta)
(Special Functions 36 and 64)

. Example

To select a coarse tuning calibration:
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The following examples will describe how to perform a Coarse Tuning Calibration

Fine Tuning Calibration and how to view a Coarse or Fine Tuning Calibration on an
oscilloscope.

Coarse Tuning Calibration. The following discussion will describe how to perform a

Coarse Tuning Calibration:

NOTE

A Coarse Tuning Calibration should only be done when the Noise
Figure Measurement System is first configured and a freerunning
source is being used as the system local oscillator or repairs have been

made to the Noise Figure Test Set.

The Excess Noise Ratio (ENR) of the noise source should be 12 to 13dB
or more from 2401 to 26500 MHz or a preamplifier may be required.

a. Connect the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR

HP 8971B/C NOISE
FIGURE TEST SET

-

- ovreur
P_8970B
NOISE FIGURE METER

|a

Be/|

oespgames o
o ooog O oel
oORO oA oo

NOISE SOURCE
DRIVE OUTPUT

INPUT

NOISE SOURCE

Lo RF
INPUT INPUT

"l !
T Semmnid

Figure 3-39. YIG Filter Calibration Setup

IF
OUTPUT

b. Turn the equipment on and allow a twenty (20) minute warm up period, before
performing the Coarse Tuning Calibration.

¢c. If the upper frequency limit of the Noise Figure Test Set is to be less than 26500
MHz, enter the upper limit using Special Function 64.1.
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Noise Figure Test Set YIG Filter Calibration (contq)
(Special Functions 36 and 64)

Example

d. After the equipment has warmed up for twenty minutes, press 64.0 SPECIAL
(cont'd)

FUNCTION. The Coarse Tuning Calibration will take about fifteen (15) minutes.

NOTE

If data is read from the Noise Figure Meter, over the Hewlett-Packard
Interface Bus, during a Coarse Tuning Calibration, the Noise Figure
Meter will output a special HP-IB code for the NOISE FIGURE window.
For more information on this HP-IB code, refer to the Error Messages
and Recovery Detailed Operating Instruction.

e. To view the Coarse Tuning Calibration, refer to Viewing a Coarse or Fine Tuning
Calibration on an Oscilloscope, at the end of the Example section.

Fine Tuning Calibration. The following discussion will describe how to perform a Fine
Tuning Calibration:

NOTE

Fine Tuning Calibration is only required when single sideband opera-
tion (Special Function 17.0) has been selected on the Noise Figure Test
Set and the measurement frequency is greater than 2400 MHz (SSB3).

Thereis no limiton the number of times that a Fine Tuning Calibration
may be performed. But, a Fine Tuning Calibration is not needed each
time a measurement is made.

a. Connectthe equipment as shown below. The noise source should have a minimum
ENR (Excess Noise Ratio) of 13 dB. The noise source should be placed as close as
possible to the RF INPUT of the Noise Figure Test Set. If a preamplifier will be used in
the measurement, the preamplifier may be placed between the noise source and the RF
INPUT during the Fine Tuning Calibration. For Measurement Modes 1.6 and 1.7, when
there is quite a bit of loss in the measurement setup, it is possible to do the Fine Tune
Calibration by connecting the noise source directly to the Noise Figure Test Set RF
INPUT. This will ensure that 13 dB of ENR is available for the Fine Tuning Calibra-
tion. In this case, the Fine Tuning Calibration can be performed using Special Function
36.3. In Measurement Modes 1.6 and 1.7, it is also possible to do a Fine Tuning
Calibration with the external mixer in place and a preamplifier in the measurement
system, to increase the available noise power at the Noise Figure Test Set RF INPUT.
The preamplifier should be low noise or it may affect the Fine Tuning Calibration.

NOTE

Allow the equipment to warm up for twenty (20) minutes, before per-
forming the Fine Tuning Calibration.
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(cont'd)

Example

Operation

Noise Figure Test Set YIG Filter Calibration (contq)
(Special Functions 36 and 64)

SYSTEM
LLOCAL OSCILLATOR

HP 8871B/C NQISE
FIGURE TEST SET
<r 411

lOUTPUT L0 RF 1F
HP 8972B INPUT INPUT ouUTPUT
NOISE FIGURE METER
lo BE)
sewggms, 2
= geoonBR8R° 55 @

NOISE SOURCE INPUT
DRIVE OUTPUT NOISE SOURCE

g I

Figure 3-40, YIG Filter Calibration Setup

b. Select the start, stop and step size frequencies, using the START FREQ, STOP
FREQ and STEP SIZE keys. Refer to the Sweep Detailed Operating Instruction for an
explanation of START FREQ, STOP FREQ and STEP SIZE.

c. The Noise Figure Measurement System is now ready to perform a Fine Tuning
Calibration. The Fine Tuning Calibration will be performed each time the Noise Figure
Measurement System is calibrated, if Special Function 36.0 has been selected. Or,
Special Function 36.3 can be selected to perform a Fine Tuning Calibration from the
START FREQ to the STOP FREQ, immediately. The calibration will take from five to
ten seconds per frequency point.

NOTE

When a Fine Tuning Calibration has been enabled and the decimal
point is flashing in the NOISE FIGURE display, the Noise Figure Test
Set is not at operating temperature. The calibration cannot be com-
pleted until the instrument is up to temperature. The Noise Figure Meter
is waiting for the YIG filter temperature control loop, in the Noise
Figure Test Set, to lock. The flashing decimal can also be caused by a
power loss to the Noise Figure Test Set. The time needed for the temper-
ature control loop to lock could be fifteen minutes, if the Noise Figure
Test Set was cold or four to five minutes if the Noise Figure Test Set was
warmed-up before it lost power. When the loop locks, the Fine Tuning
Calibration will be completed.

It is normal for the system local oscillator to change frequency a number
of times at each frequency point. This is part of the calibration process.

If data is read from the Noise Figure Meter, over the Hewlett-Packard
Interface Bus, during a Fine Tuning Calibration, the Noise Figure
Meter will output a special HP-IB code for the NOISE FIGURE window.
For more information about this HP-IB code, refer to the Error Mes-
sages and Recovery Detailed Operating Instruction.
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Noise Figure Test Set YIG Filter Calibration (conta)
(Special Functions 36 and 64)

Example Measurement accuracy is dependent on the temperature inside the

(cont'd) Noise Figure Test Set. If the temperature drifts approximately five
degrees centigrade, since the last Fine Tuning Calibration, error twenty-
eight (E28) will be generated. The Fine Tuning Calibration must be
repeated using Special Function 36.3.

d. If a frequency not selected by START FREQ, STOP FREQ or STEP SIZE is
desired, use Special Function 36.4. To select this frequency, press the FREQUENCY
key and key in the frequency desired. Press ENTER. Then, press 36.4 SPECIAL
FUNCTION, to start the Fine Tuning Calibration at the selected frequency.

NOTE
The passbands of the Noise Figure Meter and Noise Figure Test Set are
aligned for the frequency fine tuned with Special Function 36.4. When
the Noise Figure Measurement System is calibrated, fora CORRECTED
NOISE FIGURE AND GAIN measurement, the noise contributed by
the Noise Figure Measurement System is not factored out, at the fre-
quency fine tuned by Special Function 36.4. Unless, the frequency fine

tuned s a calibrated frequency point of the Noise Figure Measurement
System.

e. To view the progress of the Fine Tuning Calibration, refer to Viewing a Coarse or
Fine Tuning Calibration, at the end of the Example section.

Viewing a Coarse or Fine Tuning Calibration on an Oscilloscope or the HP 8757 Scalar
Analyzer. The following discussion will describe how to view a Coarse or Fine Tuning
Calibration on an analog oscilloscope or the HP 8757 Scalar Analyzer:

Using an Oscilloscope.

NOTE
An analog oscilloscape must be used with the Noise Figure Meter. A
digital oscilloscope won’t work with the Noise Figure Meter.

a. Connect the X-AXIS, Y-AXIS and Z-AXIS outputs on the rear panel of the Noise

Figure Meter to the A, B and Z (or horizontal, vertical and Z) inputs of the oscilloscope.
Select DC mode for all oscilloscope inputs.

b. Press 7.1 SPECIAL FUNCTION (or send HP-IB code Al) to display the test
pattern on the oscilloscope screen.

c. Using the oscilloscope’s position and gain controls, position the test pattern where
desired.

d. Press 97.1 SPECIAL FUNCTION (or send HP-IB code Y9). The oscilloscope will
now display the peaking (maximum power) at each frequency point for a Coarse or Fine
Tuning Calibration, when enabled by Special Function 36 or 64.

NOTES
If a preamplifieris being used, the maximum and minimum oscilloscope
display limits will need to be changed to view the noise peak at optimum

scale. Special Function 97.1 sets the maximum limit to 500 and the
minimum limit to 120. .
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Noise Figure Test Set YIG Filter Calibration (conta)
(Special Functions 36 and 64)
. Example

To change the maximum limit and minimum limit, use the front panel

{cont’d) keys of GAIN MAX (Special Function 8.4) and GAIN MIN (Special
Function 8.3). The limits are entered by pressing the appropriate key,
keying in the data and pressing ENTER.

e. When finished viewing the Coarse or Fine Tuning Calibration, press 97.2 SPE-
CIAL FUNCTION (or send HP-IB code Y8). Special Function 97.2 disables the oscillo-
scope from displaying the Coarse or Fine Tuning Calibration and restores the GAIN
MIN and GAIN MAX settings to where they were before Special Function 97.1 was
enabled.

Using the HP 8757 Scalar Analyzer.

£ Connectthe HP-IB connector of the Scalar Analyzer tothe SYSTEM INTERFACE
BUS connector of the Noise Figure Meter.

g. Press 47.2 SPECIAL FUNCTION. This enables the Scalar Analyzer on the
System Interface Bus.

h. Press 97.1 SPECIAL FUNCTION (or send HP-IB code Y9).

NOTE
If a fine tuning calibration is being done, press CORRECTED NOISE
FIGURE AND GAIN. If this key is not pressed, the display will
. disappear if the fine tuning calibration fails.

i. The Scalar Analyzer will now display the peaking (maximum power) at each

frequency point for a Coarse or Fine Tuning Calibration, when enabled by Special
Function 36 or 64.

NOTES
If a preamplifier is being used, the maximum and minimum display
limits will need to be changed to view the noise peak at optimum scale.
Special Function 97.1 sets the maximum limit to 500 and the minimum
limit to 120.

To change the maximum limit and minimum limit, use the front panel
keys of GAIN MAX (Special Function 8.4) and GAIN MIN (Special
Function 8.3). The limits are entered by pressing the appropriate key,
keying in the data and pressing ENTER.

j. When finished viewing the Coarse or Fine Tuning Calibration, press 97.2
SPECIAL FUNCTION (or send HP-IB code Y8). Special Function 97.2 disables the
Scalar Analyzer from displaying the Coarse or Fine Tuning Calibration and restores
the GAIN MIN and GAIN MAX settings to where they were before Special Function

97.1 was enabled. Disable commands to the Scalar Analyzer using 47.3 SPECIAL
FUNCTION.
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Program
Codes

D

Indications

Comments

Related
Sections

Operation

Noise Figure Test Set YIG Filter Calibration (contd)

(Special Functions 36 and 64)

For HP-IB codes, refer to the Procedure above.

For a Coarse and Fine Tuning Calibration, the left display shows each Noise Figure
Test Set input frequency at which a calibration is made. The INSERTION GAIN
display shows “8971.” The NOISE FIGURE display shows “CAL.”

When viewing a Coarse Tuning Calibration, a noise peak will be drawn on the oscillo-
scope for each frequency point being coarse tuned.

When viewing a Fine Tuning Calibration, a first pass at finding the noise peak is
drawn and then a reference power line is drawn. Finally, a dot is placed where the

actual noise peak was found. These steps are repeated for each frequency point to be
fine tuned.

For a Coarse or Fine Tuning Calibration, three attempts will be made at each frequency
point, to find the noise peak, After three attempts, error code E19 will be generated.

The causes that generate an error twenty-eight (E28) are given below:

a. The YIG filter, in the Noise Figure Test Set, has not been fine tuned at the current
frequency and coarse tune data is being used. The measurement may not be valid.

b. The current frequency of the Noise Figure Test Set YIG filter has been interpo-
lated from the Fine Tuning Calibration data. The measurement may not be valid.

¢. The Noise Figure Test Set has been fine tuned, but the temperature has drifted
more than five degrees centigrade, since the last Fine Tuning Calibration. The YIG
heater loop must be reset and new fine tuning data gathered. Use Special Function 36.3
to reset the heater loop and gather the new fine tune data.

Usually, the solution to error twenty-eight (E28) is to perform a Fine Tuning Calibra-
tion using Special Function 36.3.

Calibrate

Measurement Modes 1.0 through 1.9
Sweep
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Noise Figure (Uncorrected) and Noise Figure
and Gain (Corrected)

Description UNCORRECTED NOISE FIGURE measures the combined noise figure of the device

under test and the measurement system (including the effect of the Noise Figure Test
Set, local oscillator, mixer, cables, connectors and adapters).

CORRECTED NOISE FIGURE AND GAIN removes the measurement system noise
contribution and allows only the noise figure and gain of the device under test to be
displayed. The Noise Figure Meter must be calibrated in the measurement frequency

range and measurement mode before a corrected noise figure and gain measurement
can be made.

Procedure To measure uncorrected noise figure, press the NOISE FIGURE key.

To measure corrected noise figure and gain, press the NOISE FIGURE AND GAIN
key. If the Noise Figure Meter is not correctly calibrated, error code E20 will be

displayed.
- 2 e =
£ | Ez | 25 | E&
== | 88 | E5 | =8
ProgramCode | T 3 28 B £8
s 2 e o e s @
Front Panel Key L HP-1B 4 ZE | 85 £o &3
NOISE FIGURE M1 N N Active | Active
(UNCORRECTED)
NOISE FIGURE AND GAIN M2 N Off Off
(CORRECTED)
1Table categories are explained in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.

Example To measure corrected noise figure and gain:
Measurement
LOCAL @ CORRECTED
{keystrokes]
AND BAIN
l | M2
{program codes)
Program For HP-IB program codes, refer to Procedure above.
Codes
indications

When the instrument is making uncorrected noise figure measurements, the UNCOR-
RECTED LED above the NOISE FIGURE key is illuminated. The measurement result
is displayed in the NOISE FIGURE display. In addition, the INSERTION GAIN

display is blank. .
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Indications
(cont'd)

Comments

Related
Sections

Operation

Noise Figure (Uncorrected) and Noise Figure

and Gain (Corrected) (contd)

When the instrument is making noise figure and gain measurements, the COR-
RECTED LED above the NOISE FIGURE AND GAIN key is illuminated. The gain of
the device under test (DUT) appears in the INSERTION GAIN display and the noise
figure of the DUT appears in the NOISE FIGURE display.

For CORRECTED NOISE FIGURE AND GAIN measurements, it is necessary to
calibrate the instrument each time there is a change in measurement modes, equipment

(except the DUT), or frequency parameters (if the new frequency parameters are
outside of the calibrated range).

UNCORRECTED NOISE FIGURE and CORRECTED NOISE FIGURE AND GAIN
measurements are always corrected for Ty51q and ENR.

Measured noise can be expressed in a variety of units: F,FdB, Y, Y dB, and Te K. Refer to
the Display Units Selection Detailed Operating Instruction for additional information.

The noise figure measurement range is 0 to 30 dB. The gain measurement range (for
total noise figures less than 30 dB) is —20 to at least +40 dB, for the Noise Figure Meter.

High measurement system noise figure leads to high measurement uncertainty when
measuring low gain devices. A low noise preamplifier, between the device under test
and the measurement system, can lower system noise figure, and therefore reduce the
measurement uncertainty. For more information, refer to the Preamplifier Selection
Detailed Operating Instruction.

Calibrate
Display Units Selection
Preset Conditions and Power-Up Sequence
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Description

Procedure

Example
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HP 8370B

Power Measurements
(Special Function 9)

Special Function 9 measures noise power density in dB relative to —174 dBm/Hz with
the noise source on or off. Either an approximate or a calibrated measurement can be
made. The value —174 dBm/Hz was chosen because thisis the thermal noise at 290K in
a 1 Hz bandwidth. This special function can be used to make absolute power density
measurements or simply to verify that the measurement system setup is operating and
the signal path is complete. To exit from Special Function 9, press either UNCOR-
RECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN.

To select a power density measurement, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

Special Functions 9.3 and 9.4 require that a calibration be performed priorto activating
the special function. If the calibration has not been performed, error E20 (not cali-
brated) is displayed and the special function is not activated.

Since the power measurements can be performed from any Measurement Mode, refer to
the applicable Detailed Operating Instruction for the correct calibration procedures.

0D o

= = 8 =S| 8
= . B s . sl 8.
2| SE | E8|EE 5 | B8
0 N o @ [ S = - e g.—
= = - = = = =
. . sl E nS B I ES |k
Special Function Program «eS | g8l 28 E8 | 5= | =8

[T} [

Code s c ] - 8 &= 82
— [~ -] = « L7~ —] A o 1 - —]

Description Code @

SOURCE Off 9.1 | N5or9.1SP

z
e
"
o
MR
o
=
Q
2

(uncalibrated)

SOURCE On 9.2 | N6 or 9.285P N Y Y off | Off | Off
(uncalibrated)

SOURCE Off 93 | N70r9385P | N Y Y Off | Off | Off
(calibrated)

SOURCE On 94 | N8or94SP | N Y Y Off | Off | Off
(calibrated)

1Table categories are explained in the Special Functions Detailed Operating Instruction.

To select an uncalibrated power measurement with the noise source on:

LOCAL o OO - Function
{keystrokes)
@E (o).
N6
(program codes)
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Program
Codes

| HP-1B 2

Indications

Comments

Related

. Sections

Operation

Power Measurements (contd)
(Special Function 9)

For HP-IB codes, refer to Procedure above.

The NOISE FIGURE display shows the selected power measurement result in dB.

Special Functions 9.3 and 9.4 measure the power density delivered from the DUT. The

rest of the measurement systermn setup is corrected for by the calibration (second stage
correction).

The units shown in the NOISE FIGURE display are dB referenced to 290K (—174
dBm/Hz). The equation is:

unknown power density dB
290

Power displayed = 10 log

Special Functions 9.1 and 9.2 are similar to 9.3 and 9.4 execpt that they are not
calibrated and they use nominal values for noise figure. These Special Functions are
primarily used to verify that the measurement system is operating.

Special Functions 9.1 and 9.2 do not correct for the RF attenuators. There can be an
error for very low power when the lowest RF attenuation is selected.

Calibrate

Measurement Modes 1.1 through 1.9
Special Functions
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HP 8970B

Description

Operation

Preset Conditions and Power-Up Sequence

(Includes Special Functions 0.0 and 0.9)

NOTE
Special Function 0.9 will clear and reset the Noise Figure Meter to its
default conditions. The default conditions are shown in Tables 3-12 and
3-13. Special Function 0.9 is covered in more detail in the following
paragraphes.

Power-Up. When first turned on, the Noise Figure Meter performs a sequence of inter-
nal checks after which the instrument is ready to make measurements. During the
power-up sequence, all front panel indicators light for approximately two seconds to
allow the operator to determine if any are defective. Then, “Ctrl” appears in the
INSERTION GAIN display and “on” or “OFF” appears in the NOISE FIGURE dis-
play. If the Noise Figure Meter is the System Interface Bus controller (Special Func-
tion 48.0) “on” will be displayed. If the Noise Figure Meter is not the System Interface
Bus controller (Special Function 48.1) “OFF” will be displayed. Next, “Fr”” appears in
the INSERTION GAIN display and “CAL” appears in the NOISE FIGURE display
for approximately five seconds while the Noise Figure Meter performs a frequency
calibration. When the frequency calibration is completed, the Noise Figure Meter
restores the same configuration it had before the power was removed. Except that:

a. Sweep is always off.

b. The measurement is always UNCORRECTED NOISE FIGURE.

¢. The instrument always turns on in local mode (instead of HP-IB remote).
d. Calibration data is not retained when power is removed.

e. Special Functions 25, 30 through 32, 35.1, 43, 44, 49.2 through 49.4 and 60
through 72 are not remembered when power is removed.

Preset Functions. The Noise Figure Meter has three levels of preset: Special Function 0.9,
PRESET and Special Function 0.0. Special Function 0.9 is the upper level of preset;
Special Function 0.9 sets all conditions set by PRESET and Special Function 0.0 and
sets default values for some special functions, not set by PRESET. Special Function 0.9
does notreset the ENR (Excess Noise Ratio) tables and does not clear the IF calibration
data. PRESET is the second level of preset; PRESET sets all conditions set by Special
Function 0.0 and sets the default values for some of the special functions. Special
Function 0.0 is the lowest level of preset. More detail is given for Special Function 0.9,
PRESET and Special Function 0.0 in the following text.

Special Function 0.9 and PRESET. Special Function 0.9 and the PRESET key set the
Noise Figure Meter to a known state. The front panel is set to the conditions listed in the
“Special Function 0.9, Preset and HP-IB Clear Conditions” column in Table 3-12, Front
Panel Summary. Table 3-13 lists the default data values that are set, by Special
Function 0.9 and PRESET, for some of the special functions. Table 3-14, Special
Functions Summary, in the Special Functions Detailed Operating Instruction provides
a complete list of Special Function 0.9 and PRESET conditions for special functions.

In the “Program Code” column in Table 3-12, program codes that are equivalent to front

panel keystrokes are listed. HP-IB codes control the Noise Figure Meter’s functions over
the HP-IB.

The “Stored in Continuous Memory” column in Table 3-12 indicates whether or not the
status of a front panel key is retained when the Noise Figure Meter is turned off.

The “Can Be Stored and Recalled” column in Table 3-12 indicates whether or not the

status of a front panel key can be stored in an internal storage register for recall at a
later time.
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HP 8970B

Preset Conditions and Power-Up Sequence (contd)
(Includes Special Functions 0.0 and 0.9)

Table 3-12. Front Panel Summary

3a
s Ex B
SE| EE |ESE
Program | €2 | 2= |8 E
Front Panel Key Code g | = g = g ‘; References and Comments
CXy 52| == |2:=8
= LDs oo
AUTO Sweep Wi N N Off | Sweep
CALIBRATE CA N N Off | Calibrate
DECREASE DE Y N 1 Smoothing
ENTER EN — — - General Operating Instructions
ENR NR Y N NC | ENR Table Entry
FREQ INCR FN Y Y {20 MHz| Fixed Frequency Increment
39 DN - —_— — Fixed Frequency Increment
%@ UpP — — — | Fixed Frequency Increment
FREQUENCY FR Y Y |30 MHz| Fixed Frequency Tuning
INCREASE IN Y N 1 Smoothing
NOISE FIGURE (UNCORRECTED) M1 N N | Active | Noise Figure (Uncorrected) and
Noise Figure and Gain (Corrected)
NOISE FIGURE AND GAIN M2 N N Off | Noise Figure (Uncorrected) and
(CORRECTED) Noise Figure and Gain (Corrected)
PRESET PR — — - Preset Conditions and Power-Up
Sequence
RECALL RC — — —_ Store and Recall
GRAPHIC SCALE
Noise Min NL Y Y 0dB | Data Output to Oscilloscopes,
Recorders and Plotters.
Noise Max NU Y Y 8 dB | Data Output to Oscilloscopes,
Recorders and Plotters.
Gain Min GL Y Y 0dB | Data Output to Oscilloscopes,
Recorders and Plotters.
Gain Max GU Y Y 40 dB | Data Output to Oscilloscopes,
Recorders and Plotters.
SEQ SQ — — — Sequence
SINGLE Sweep W2 N N Off | Sweep
SPECIAL FUNCTION SP —_ — — Special Functions
START FREQ FA Y Y (10 MHz| Sweep
STEP SIZE 88 Y Y |20 MHz| Sweep
STOP FREQ FB Y Y 1600 | Sweep
MHz
STORE ST — - _ Store and Recall
Sweep and Calibrate Off WO —_— —— Sweep
(must be used to turn these functions
off over the HP-IB)

Y = Yes, N = No, NC = No Change, — = Not Applicable
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Operation

Preset Conditions and Power-Up Sequence (contd)
(Includes Special Functions 0.0 and 0.9)

Table 3-13. Special Function 0.9 and Preset Default Values for Special Functions

Special Function Preset Default Value | Special Function 0.9
Description Code Default Value
Addresses (HP-IB and SIB)
Noise Figure Meter 40.0 8
System Local Oscillator 40.1 19
Noise Figure Test Set 40.2 10
Plotter 40.3 5
System Interface Bus 40.4 8
Pass Control 405 16
HP 8757 Scalar Analyzer 47.4 16
User Controlled Local Oscillator 96.2 20
HP 8757 Scalar Analyzer
Measurement frequencies per 475 0 0
display refresh
F 3.0 30 MHz (Modes 1.1 and 1.3)
3500 MHz (Modes 1.6 and 1.8)
LO Frequency 3.1 10000 MHz (Modes 1.2 and 1.4)
44000 MHz (Modes 1.7 and 1.9)
Loss Compensation
Before DUT 34.2 0dB 0dB
Temperature of Losses 34.3 0K 0K
After DUT 34.4 0dB 0dB
Measurement Mode 1.1, 1.1
Measurement Mode 1.2, and 1.2
Measurement Mode 1.3 1.3
Start Frequency 8000 MH:z 8000 MHz
Stop Frequency 12000 MHz 12000 MHz
Step Size 200 MHz 200 MHz
Noise Figure Measurement System Internal
IF
SSB2 IF 19.2 700 MHz 700 MHz
SSB3 IF 193 450 MHz 450 MHz
DSBIF 19.4 25 MHz. 25 MHz
Oscilloscope Limits
Noise Figure Lower Limit 8.1 0 0
Noise Figure Upper Limit 8.2 8 8
Gain Lower Limit 83 0 0
Gain Upper Limit 8.4 40 40
Plotter Functions
Noise Pen 25.3 1 1
Gain Pen 25.4 2 2
Plot Title 25.5 HP 8970B Noise Figure Meter
Programming the System LO
Power Level 425 6 dBm 6 dBm
Set Sequence 35.2 1—9 1-9
Smoothing Factor 13.2 1 1
Spot ENR 5.3 15.2dB 15.2dB
System LO Sideband Crossover frequency;
Measurement Modes 1.5 — 1.9 17.2 16 GHz 16 GHz
Teold 6.0 296.5K 296.5K
Spot Tyt 5.4 9893K 9893K
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HP 8970B

Preset Conditions and Power-Up Sequence (conrd)

(Includes Special Functions 0.0 and 0.9)

Special Functions are off or set to their zero-suffix mode. The exception is Service
Request, which is set to enable an HP-IB code error to cause an SRQ (Special Function

44.3). In addition, default data values are set for the special functions listed in Table
3-13.

Special Function 0.0. Special Function 0.0 initializes selected special functions. It is
similar to PRESET except that default data values are not set. Existing values do not
change. Refer to Table 3-14, Special Function Summary, in the Special Functions
Detailed Operating Instruction for a complete list of Special Function 0.0 conditions.

To set the Noise Figure Meter to a known state, press the PRESET key or keyin 0.9 and
press the SPECIAL FUNCTION key.

To initialize selected special functions, key in 0.0, then press the SPECIAL FUNCTION
key.

To initialize selected special functions:

LOCAL e COUE  m— Function

Kaysirkes BOC (o)

| HP-IB 2

(program codes)

CS

Program Code
Parameter m
Special Function 0.9 0.9SP
PRESET PR
Special Function 0.0 CS8

After entering Special Function 0.9 or pressing PRESET, the INSERTION GAIN
display shows “Fr” and the NOISE FIGURE display shows “CAL” while a frequency
calibration is performed. After approximately five seconds, the left display shows 30
MHz, the INSERTION GAIN display is blank, and the NOISE FIGURE display shows

noise figure in units of F dB. Also, the UNCORRECTED NOISE FIGURE LED is
illuminated.

When Special Function 0.0 is executed, the SPECIAL FUNCTION key LED turns off
if it was on.

Special Function 0.0 does not affect any data entered by special functions or front panel
keys.

PRESET is identical to the Device Clear command over the HP-IB,




HP 8970B QOperation

Preset Conditions and Power-Up Sequence (cont'd)
(Includes Special Functions 0.0 and 0.9)

' Comments PRESET does not effect calibration data or information in the ENR table.
(cont’d)

Special Function 0.9, PRESET and Special Function 0.0 do not modify any data in the
internal storage registers.

When using HP-IB code 0.9SP to issue Special Function 0.9, allow ten seconds to pass
before giving the next command.

Related Calibration, Frequency
Sections Special Functions
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Description

Operation

Programming The System LO
(Special Function 42)

Special Function 42 can be used to modify the predefined system local oscillator
programs for the HP 8340B/8341B Sweep Oscillator (Special Function 41.4), HP 8350B
Sweep Oscillator (Special Function 41.0), the HP 8671B/8672A Synthesized Signal
Generators (Special Function 41.2), the HP 8673B/C/G Synthesized Signal Generator
(Special Function 41. 3) or a custom local oscillator (Special Function 41.5). Special
Function 42 can also be used to define a new program for other system local oscillators
provided the local oscillator is HP-IB compatible. However, a thorough understanding

of the HP-IB program requirements and restrictions that apply to the system local
oscillator is required.

The custom local oscillator program is different from the other predefined system LO
programs. The other programs will only support a frequency prefix or suffix of two
characters, maximum. The same is true for the power prefix or suffix. The custom
local oscillator program will support a system LO that could require a maximum of
twenty-two characters in the prefix and suffix. This is true for frequency and power.

The five predefined system LO programs are stored in permanent memory (ROM).
Activating Special Function 41.0, 41.2, 41.3, 41.4 or 41.5 loads the corresponding
predefined program from permanent memory into temporary memory (RAM). The
programs stored in the permanent memory are never changed; only the program in
temporary memory can be modified. Special Function 42 can change the program data
that is stored in the temporary memory. One of the predefined programs or the last
modified program is always present in the temporary memory. And, only the program
in temporary memory can control the system LO.

Detailed examples will be used to explain the use of Special Function 42. However,
a brief definition of the purpose of the individual parts of the program that can be
changed using Special Function 42 will make the programs easier to understand:

a. Special Function 42.0 is used to display and change the auxiliary commands. The

purpose of the auxiliary commands are to set the system LO to continuous wave (CW)
operation.

b. Special Function 42.1 is used to display and change the CW prefix and suffix.
The purpose of the prefix and suffix is to correctly format the frequency commands
from the Noise Figure Meter to the system LO. The format is different for different
LOs. Frequency data of up to five digits is located between the prefix and suffix. The
frequency information is determined by the frequency parameters entered into the Noise
Figure Meter during the measurement setup and by the measurement mode in which
the instrument is operating. The custom local oscillator program (Special Function
41.5) overrides Special Function 42.1. Refer to Special Function 42.7.

c. Special Function 42.2 is used to display and change the settling time (in ms). The
purpose of the settling time is to ensure that the Noise Figure Meter waits a sufficient
amount of time after issuing the frequency command and the auxiliary commands to
allow the system LO output to stabilize.

3-211.1



Operation

Description
(cont'd)

Predefined
Program
Listing

3-211.2

HP 8970B

Programming The System LO (conta)
(Special Function 42)

d. Special Functions 42.3 and 42.4 are used to display and change the minimum and
maximum frequencies that the program will accept. These entries are in MHz. In most
cases, they will represent the frequency capability of the system LO. However, they do
not affect the system LO but are only used by the Noise Figure Meter to determine if a
requested frequency parameter will be accepted. If an attempt to enter an out-of-range

frequency is made, the Noise Figure Meter displays one of the invalid frequency entry
€ITOT messages.

e. Special Function 42.5 is used to display and set the output signal power level of
the system local oscillator. The allowable range is 0 to 30 dBm. If a level less than zero
or greater than thirty is desired, the auxiliary commands (Special Function 42.0) need
to be used to set the level. Do not use Special Function 42.5 to exceed the minimum or
maximum output signal power level limits of the local oscillator being used. For Special
Functions 41.0 through 41.4, Special Function 42.5 sets the command sequence (prefix
and suffix) automatically as the power level (0 to 30 dBm) is entered. Special Function
41.5 (custom local oscillator program) requires that Special Function 42.6 be used with
Special Function 42.5. The order is Special Function 42.6 then Special Function 42.5.

f. Special Function 42.6 is used only when the custom local oscillator (Special Function
41.5) program has been selected. Special Function 42.6 is used to properly format the
command sequence that will set the output signal power level. Special Function 42.6 is
used to set the power prefix and suffix in place of Special Function 42.0. The prefix and
suffix are set much like Special Function 42.1 sets the frequency prefix and suffix. Once
Special Function 42.6 is set up, Special Function 42.5 is used to set the power level.
With Special Function 42.6 the prefix and suffix can total as many as twenty-four (24)
characters. The twenty-four characters include the count character for the prefix, the
prefix characters, the count character for the suffix and the characters for the suffix.
The count characters indicate the number of characters that are in the prefix or suffix.

g. Special Function 42.7 is used only when the custom local oscillator (Special
Function 41.5) program has been selected. Special Function 42.7 is used to properly
format the command sequence that will set the output frequency. Special Function
42.7 is similar to Special Function 42.1 (prefix and suffix). With Special Function 42.1
the prefix and suffix, used to format the output frequency, is limited to four (4) ASCII
characters. With Special Function 42.7 the prefix and suffix can total as many as
twenty-four (24) characters. The twenty-four characters inciude the count character for
the prefix, the prefix characters, the count character for the suffix and the characters

for the suffix. The count characters indicate the number of characters in the prefix or
suffix.

The listings for the five predefined programs are shown below. Each listing shows the
data that is stored in permanent memory. Also shown are the system LO Commands

(Special Functions 42.0 through 42.7) and the data that can be modified by each special
function.




HP 8970B Operation

Programming The System LO_coita)
(Special Function 42)

Predefined The following conventions are used in the program listings:
Program
Listing (cont’d)

L' Hp-1B a. ANl HP-IB program codes consist of ASCII characters. The numbers and letters
shown before the parentheses (in Special Functions 42.0, 42.1 and 42.5 through 42.7)
are the ASCII characters that make up valid HP-IB program codes.

There is one exception, the custom local oscillator program. “Count” is not ASCIIL.
Count is used to show the position in the program where the prefix and suffix count
characters are to be placed. The count character indicates the number of characters in
the prefix or suffix. (cont’d on page 3-213)
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HP 8970B
Programming The System LO (cont'a)
(Special Function 42)
System LO Predefined Program Listings
HPB340B/83418 ¢
System LD Commands (41.4) or HP 8671B/8672A | HP 8673B/C/G Loc al'g;'c’i';‘lm ;
(Special Function 42) | HP %Sr!‘i]gl:aw.ﬂl Program {41.2) Program (41.3) Program (41.5)
42.0 Auxiliary (0) M(77) R (82) M (7))
Commands (©) 0(48) } AMoff |y (49 } R¥ on 0 (79)
(0) N(78) D (68) D (68)
© 7(55) } FMoff 1o qag) [ Mod- (68|,
(0) (0) INGHE B f? 10 s@E3f |
0) (0) 048 | ° T (84) | 12 >
(0) (0) P (80) A (65) f‘;“
(0) (0 0 (48) T3] °
{0)] 0) Space (32)
0) (0) () 0 (79)
() 0) 0 F (70)
(0) 0) (0) F (70))
(0) 0) (V) ©
(0) (0) (0) 0
0) ©) ) (V)]
) (0)
42.1 Prefix C67) P(80) F (70) Special Function
W(87) (255) R (82) 421 is not used
Suffix M(77) Z(90) M @77 with Special
Z(90) 0(48) Z (90) Function 41.5.
Refer to Special
Function 42.7.
42.2 Settling Time 60 ms 20 ms 30 ms 30 ms
42.3 Minimum 2000 MHz | 2000 MHz 2000 MHz 10 MHz
Frequency
42.4 Maximum 26500 MHz |18000 MHz 26500 MHz 60000 MHz
Frequency
42.5 OQutput Signal 6 dBm 7 dBm 8 dBm 8 dBm
Power Level
42.6 Power Prefix Count (4)
P (80)
0 (79)
W (87)
Space (32)
Power Suffix Count (5)
Space (32)
D (68)
B (66)
M@
; (69)
42.7 Frequency Count (5)
Prefix F (70)
R (82)
E (69)
Q (81
Space (32)
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. Predefined

Program
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(cont’d)

Procedure

Operation
Programming The System LO (cont'd)
(Special Function 42)
External L0 Predefined Program Listings (cont'd)
HP8340B/8341B C
8gslem Il.g cnn)maggs e ég](?é nz 0 HP B671B/8672A | HP 8673B/C/G Lonal%st:ﬂllalur
(Special Function 42) Pr?igralmL ) Program [41.2) Program (41.3) Program [41.5)
Frequency Count (5)
Suffix Space (32)
M (77)
H (72)
Z (90)
; (59)

b. The numbers shown within parentheses are the decimal equivalent of the required
ASCII or count character. (It is this decimal value that is entered into the Noise Figure
Meter) For example, in the first line of the listing for the HP 8671B/8672A program, the
entry is M(77). The M is the first ASCII character of a valid HP-IB program code for the
HP 8671B/8672A. The 77 is the decimal equivalent of the letter M.

The two exceptions to this rule are (0) in the HP 8340B/8341B/8350B program and (255)
in the HP 8671B/8672A program. The (0) entry is used as a placeholder. Itisignored by
the Noise Figure Meter and is not transmitted on the HP-IB. In the HP 8340B/8341B/
8350B program (Special Functions 41.0 and 41.4), there are no preset auxiliary
commands. This area contains zeros because no single program can control all possible
HP 8340B/ 8341B/8350B configurations. This portion of the program must be correctly
entered by the user to match the configuration of the HP 8340B/8341B/8350B used with
the Noise Figure Meter. The (255) in the HP 8671 B/8672A program is used by the Noise
Figure Meter to establish that, when controlling the HP 8671B/8672A, leading zeros
must be sent if they are required to complete five digits of frequency data.

¢. The numbers shown without parentheses (in Special Functions 42.2,42.3, and 42.4)
are the actual values used for that function. For example, the “60 ms” shown as the
settling time for the HP 8340B/8341B/8350B program is the actual settling time
allowed by that program.

d. The comments following the brackets, such as in the HP 8671B/8672A program,
are the functions performed by each HP-IB code. Note that many two-character HP-IB
codes use the first character to establish the instrument function and the second
character to establish the setting of that function.

In all the programs, a maximum five digits of frequency information are sent between
the prefix and the suffix. This information is generated by the front panel settings of
frequency parameters on the Noise Figure Meter.

To activate a specific programming function, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.
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Programming The System LO (contq)
(Special Function 42)

Procedure
(con’t) - , B £, 585,
E > EE | 8w | 82 | == | B E
: , g |22 | 52| 5| 28| 8=
Special Function Program S | EE | @5 | =5 | 85| =%
e | 52 BE| 22|38 §F |83
Description Code | QD 251 2E S| 22 | £E2 | 22
Auxiliary Commands 42.0 | AC or 42.08P N Y Y NC NC 0
CW Prefix and Suffix 421 | PSor42.1SP N Y N NC NC |CWMZ
Settling Time in ms 42.2 { TM or 42.2SP N Y N C NC 60
Minimum Frequency in MHz | 42.3 | MN or 42.3SP N Y N NC NC 2000
Maximum Frequency in MHz | 42.4 | MX or 42.4SP N Y N NC NC | 26500
Qutput Signal Power Level 425 | PL or 42.558P N Y Y NC NC 6.0
dBm
Power Prefix and Suffix 426 | PC or 42.6SP N Y N NC NC | POW
(Special Function 41.5) DBM;
Frequency Prefix and Suffix 4277 | FC or 42.7SP N Y N NC NC |FREQ
(Special Function 41.5) MHZ;
! Table categories are explained in the Special Functions Detailed Operating Instruction,

Entering Data

Special Function 42.0 allows for modification of the auxiliary commands of the program
stored in temporary memory. If one of the predefined system 1.O programs is to be
modified, Special Function 41.0 through 41.5 should be activated first to ensure that the
correct program is in the temporary memory.

An auxiliary command is simply an HP-IB program code required to control one function

m of the system L.O. Each program code consists of one or more ASCII character. The decimal
equivalent of each ASCII character is stored in one of the fifteen data locations available
for auxiliary commands.

The general procedure for entering data using Special Function 42.0 is as follows:
a. Determine what system LO functions are to be controlled by the Noise Figure Meter.

b. Use the system LO’s manual to look up the HP-IB program codes for the above
functions.

c. Use Table 3-11, located in Remote Operation near the front of this section, to look up
the decimal equivalent for each of the ASCII characters used for the program codes.

d. On the Noise Figure Meter, press 42.0 SPECIAL FUNCTION to display the current
number stored in the first of the fifteen data locations. Enter the decimal equivalent of the

desired ASCII character from the front panel of the Noise Figure Meter. The allowable
range of decimal values is 0 to 255.

e. Pressthe ENTER key on the Noise Figure Meter’s front panel. The next data location
available for modification will appear in the Noise Figure Meter’s left display. If no change
to the existing data is desired, press ENTER to advance to the next data location.
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Operation

Programming The System LO (conrq)
(Special Function 42)

f. Continue stepping through the datalocations until all fifteen have been filled. If all
of the auxiliary command data locations are not used in a specific application, always
enter zeros in the remaining locations to avoid possible HP-IB command errors.

After all fifteen locations are displayed, the Noise Figure Meter returns to the previous
front panel setup the next time ENTER is pressed. It is also possible to exit Special
Function 42.0 at any time by pressing FREQUENCY (and still retain the data).

Special Function 42.1 allows for modification of the CW prefix and suffix commands
(Special Functions 41.0 through 41.4 ONLY) for the system local oscillator program.
The prefix is the system LO’s HP-IB program code for CW. The suffix is the system LO’s
program code for MHz. The CW prefix and suffix commands are entered in a manner
similar to the auxiliary commands (that is, the decimal equivalent of each ASCII
character is entered into the Noise Figure Meter). However, the prefix and suffix HP-I1B
program codes must each be two ASCII characters or less because only four data
locations are available for this Special Function. Enter zerosin any data locations that
are not used. The allowable range of decimal values is 0 to 255.

For Special Functions 42.2 through 42.5, the decimal value is entered directly into the
Noise Figure Meter. The settling time is entered in ms. The allowable range is 0 to 65530
ms. Frequency is entered in MHz. The allowable range is 0 to 99999 MHz.

The output power is entered in dBm. The allowable range is 0 to 30 dBm.

Special Function 42.6 is ONLY used with the custom local oscillator program (Special
Function 41.5). Special Function 42.6 is used to properly format the command sequence
thatis used to set the output signal power level. Special Function 42.6 allows entry of the
prefix and suffix for the output signal power level. The count character for the prefix,
the prefix characters, the count character for the suffix and the suffix characters can be
a maximum of twenty-four (24) characters. The prefix, suffix and count characters are
entered in a manner similar to the auxiliary commands (thatis, the decimal equivalent
of each ASCII character is entered into the Noise Figure Meter. Since the count
characters are decimal, they are entered as they are.) Once the prefix and suffix have
been entered, Special Function 42.5is used to enter the actual power level (0 {0 30 dBm).
For an example of using the custom local oscillator program and Special Function 42.6,
refer to Example two (2) at the end of this instruction. With the other local oscillator
programs (Special Functions 41.0 through 41.4), Special Function 42.5 sets the power
level and the prefix and suffix for the output signal power level.

Special Function 42.7 is used with the custom local oscillator program (Special
Function 41.5) ONLY. Special Function 42.7 is used to properly format the command
sequence that is used to set the output frequency. Special Function 42.7 allows entry of
the prefix and suffix for the output frequency. The count character for the prefix, the
prefix characters, the count character for the suffix and the suffix characters can be a
maximum of twenty-four (24) characters. The prefix, suffix and count characters are
entered in a manner similar to the auxiliary commands (thatis, the decimal equivalent
of each ASCII character is entered into the Noise Figure Meter. Since the count
characters are in decimal, they are entered as they are.) For an example of using the

custom local oscillator program and Special Function 42.7, refer to Example two (2) at
the end of this instruction.
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Programming The System LO (conrq)
(Special Function 42)

Modified data can be entered in any order. For example, the settling time can be
modified prior to changing the frequency prefix and suffix.

Running the System LO Program
Before the program can be run, several conditions must be met:

a. The system local oscillator must be connected to the Noise Figure Meter’s
SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is the system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9.).

c. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator
address thatis stored in the Noise Figure Meter. Use Special Function 40.1 (system local
oscillator address) to display and change the address, if necessary.

e. Select the proper measurement mode, 1.1 through 1.9.

f. The internal sweep of the system LO (if one exists) should be off.

Once the above conditions are met, the system LO program stored in the Noise Figure
Meter’s temporary memory runs whenever a frequency value is entered from the front
panel of the Noise Figure Meter and the system LO is required. The program is also
triggered each time an auxiliary command is changed when a system LO is connected.

When the program is running the following sequence occurs:
a. A frequency command is given.
b. The power level is set.
¢. The auxiliary commands are given.

d. The Noise Figure Meter waits for the programmed settling time and then makes a
measurement.

This sequence is repeated until all of the frequencies required by the measurement setup
have been sent and the measurement results obtained.

Each time the frequency is changed the Noise Figure Meter issues an HP-IB command
string. The Noise Figure Meter sends the following HP-IB commands to the system LLO
in the order indicated:

a. REN and ATN are both set true.

b. the LO’s listen address is sent.

c. ATN is released (that is, set false).

d. the frequency command is sent.

e. the power command is sent.

f. the auxiliary commands are sent.

g. carriage return (CR) and line feed (LF) are sent.
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Programming The System LO (cont'd)
(Special Function 42)

Because the frequency command precedes the auxiliary commands, a Preset or
Initialize command cannot be used in the auxiliary commands. These type of
commands will prevent the system LO from tuning to the required frequencies because
after the LO tunes to the requested frequency, it will be reset to its original frequency.

Example 1—Maodifying the Output Power Level for a Predefined Program

In example 1, the HP 8671B/8672A program is modified for different output power

levels. Modifying the output power level will probably be the most frequent change
made to this predefined program.

NOTE
The actual power level command is not contained in the predefined
program. The power level is entered with a separate Special Function.

a. On the Noise Figure Meter, press 41.2 SPECIAL FUNCTION to load the HP
8671B/8672A program from permanent memory to temporary memory.

b. Changing the output power level is a simple procedure. Press 42.5 SPECIAL
FUNCTION and key in the level desired (0 to 30 dBm). Press ENTER. Be sure not to
exceed the limits of the system LO being used. For a power level less than 0 dBm or
greater than 30 dBm, the auxiliary commands can be used.

c. Each time the power level is changed, step b is repeated.
Example 2—Using the Custom Local Oscillator Program

The Custom Local Oscillator (Special Function 41.5) Program is meant to be used with
local oscillators that require anywhere from two (2) to twenty-two (22) ASCII characters
to define the command sequence that sets the output frequency or output power. Special
Functions 42.0 (Auxiliary Commands), 42.2 (Settling Time), 42.3 (Minimum Frequency),
42.4 (Maximum Frequency) and 42.5 (Output Signal Power Level) are still valid when
using the Custom Local Oscillator Program. Special Function 42.1is not valid with the
Custom Local Oscillator Program.

The following procedure outlines the steps to be followed when using the Custom Local
Oscillator Program:

a. Press 46.1 SPECIAL FUNCTION. This disables the system local oscillator
commands on the System Interface Bus.

b. Press 41.5 SPECIAL FUNCTION. This brings the Custom Local Oscillator
Program from permanent memory (ROM) to temporary memory (RAM).

NOTE

Once the parameters for Special Function 41.5 have been selected,
enabling Special Function 41.5 again will set the default conditions.

c. Press 42.0 SPECIAL FUNCTION. Modify the auxiliary commands, if desired, as
described earlier under Entering Data.
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Programming The System LO (contd)
(Special Function 42)

d. Press 42.2 SPECIAL FUNCTION. Enter the settling time of the local oscillator
being used.

e. Press 42.3 SPECIAL FUNCTION. Enter the minimum frequency of the local
oscillator being used.

f. Press 42.4 SPECIAL FUNCTION. Enter the maximum frequency of the local
oscillator being used.

g. Press 42.6 SPECIAL FUNCTION. Enter the count character for the prefix, the
prefix characters, the count character for the suffix and the suffix characters for the
output signal power level. The prefix and suffix can be found in the local oscillator’s
operating manual. The prefix and suffix are used to format the command sequence that
sets the power level. The prefix, suffix, count character for the prefix and count
character for the suffix can be a maximum of twenty-four (24) characters. The count
character indicates the number of ASCII characters in the prefix or suffix. The prefix
and suffix should be entered using the following format:

CPPPPCSSSS

C equals the decimal count character. P equals the prefix ASCII characters. S equals the
suffix ASCII characters.

Use the front panel to enter the ASCII characters using their decimal equivalents. Since

the count characters are in decimal, they are entered as they are. Press ENTER each
time a decimal number is keyed in.

h. Press 42.5 SPECIAL FUNCTION. Enter the power level (0 to 30 dBm) using the
front panel keys. Press ENTER.

i. Press 42.7 SPECIAL FUNCTION. Enter the count character for the prefix, the
prefix characters, the count character for the suffix and the suffix characters for the
output frequency. The prefix and suffix can be found in the local oscillator’s operating
manual. The prefix and suffix are used to format the command sequence that sets the
output frequency. The prefix, suffix, count character for the prefix and count character
for the suffix can be a maximum of twenty-four (24) characters. The count characters
indicate the number of ASCII characters in the prefix or suffix. The prefix and suffix
should be entered using the following format:

CPPPPCSSSS

C equals the decimal count character. P equals the prefix ASCII characters. S equals the
suffix ASCII characters.

Use the front panel to enter the ASCII characters using their decimal equivalents. Since
the count characters are in decimal, they are entered as they are. Press ENTER each
time a decimal number is keyed in.

j. Press 46.0 SPECIAL FUNCTION. This enables the system local oscillator on the
System Interface Bus.




HP 8970B

. Description

Operation

Programs Available to Control The System LO

(Special Function 41)

Special Function 41 selects predefined programs to control the system LO. Special
Function 41.0 selects the program for the HP 8350B Sweep Oscillator, Special Function
41.2 selects the program for the HP 8671B/8672A Synthesized Signal Generators,
Special Function 41.3 selects the program for the HP8673B/C/G Synthesized Signal
Generator, Special Function 41.4 selects the program for the HP 8340B/8341B Sweep
Oscillator and Special Function 41.5 selects the program for the custom local oscillator.
A listing of these programs is contained in the Comments section of this instruction.

The programs are activated when Special Function 46.0 (enable system local oscillator
on the System Interface Bus), a Measurement Mode (1.1 through 1.4 or 1.6 through 1.9),
and the correct predefined program has been selected. The programs can be modified
using Special Function 42 (System Local Oscillator Commands). Refer to the Pro-
gramming the System Local Oscillator Detailed Operating Instruction for additional
information on how to modify these programs.

Procedure To select one of the predefined programs key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.
= . |=88
= L S = @ e = = @
5| 85| EB|ES| =% | &
Special Function Program S| =€ | &8 | =8 | &8 | =8
Code £5 | B2 |22 | 83 EF | iS
Bescription Cade L HP-15 2 =5 | 2| 88 | 38| E8 | 322
HP 8350B Sweep 41.0 J0 or 41.0SP N Y N C NC On
. Oscillator Program
HP 8671B/8672A Synthe- | 41.2 J2 or 41.25P N Y N NC NC Off
sized Signal Generator
Program
HP 8673B/C/G Synthe- 41.3 J3 or 41.35P N Y N NC NC Off
sized Signal Generator
Program? .
HP 8340B/8341B Sweep 41.4 J4 or 41.45P N Y N NC NC Off
Oscillator Program
Custom Local Oscillator 41.5 J5 or 41 58P N Y N NC NC Off
Program
' Table categories are explained in the Special Functions Detailed Operating Instruction.
2 ¥f the HP 8673B Option 008 or HP 8673D Synthesized Signal Generator is used as the system local oscillator, the auxiliary
commands for the predefined program (Special Function 41.3) will need to be modified. For additional information, refer to the
Comments section at the end of this instruction.

Example

To select the predefined program to control the HP 8671B/8672A:

LOCAL .
{keystrokes)

Code

@ DEOE (o),

Function

| HP-iB 4

[program codes)

J2
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Programs Available to Control The System LO (contd)
(Special Function 41)

Program
Codes

\ HP-IE

Comments

For HP-IB codes, refer to Procedure.

A listing of the predefined programs is provided here for a quick reference. A complete
explanation of these programs and instructions on how to modify them are contained in

3-220

the Programming the System LO Detailed Operating Instruction.

System LO Predefined Program Listings

HPB340B/83418 Custom
Syslm!I L0 l:on_lmands (41.4) or HP 8671B/8672A HP 8673B/C/G Local Dscillator
(Special Function 42) | HP ?rggl:aﬁl 0) Program {41.2) Program (41.3) Program {41.5)
42.0 Auxiliary 0) M(77)} R (82) M (77T
Commands () o) J AMoff | (49 } RF on 0 (79)
(0) N(78) } D (68) D (68)
©) 755) | FMoff 175 (45 ﬂ"fﬁ - (58)
©) ©) A (85) | 2HO0 S (83)
©0) 0) 048 | © T(84) ¢ Mod
© 1O P (80) A65) [ Lo
©) (0) 0(48) T (84) | W&
©) ©) () Space(32) tlgfn
(0) (0) (0) 09| °
0) (0) 0) F (70)
V)] ()] (0)] F (70)
(D] ()] V)] ®
0 ()] ()] (D)
(V)] (0) ()] (1))
42.1 Prefix C(67) P(80) F (70) Special Function
W({87) (255) R (82) 42.1 is not used
Suffix M(77) Z(90) M T7) with Special
Z(90) 0(48) Z (90) Function 41.5.
Refer to Special
Function 42.7.
422 Settling Time 60 ms 20 ms 30 ms 30 ms
42 3 Minimum 2000 MHz |2000 MHz 2000 MHz 10 MHz
Frequency
42 4 Maximum 26500 MHz |18000 MHz 26500 MHz 60000 MHz
Frequency
42.5 Output Signal 6 dBm 7 dBm 8 dBm 8 dBm
Power Level
42.6 Power Prefix P (80)
O (79)
W (87)
Space (32)
Power Suffix Space (32)
D (68)
B (66)
M @77
; (69)
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Programs Available to Control The System LO (contd)

(Special Function 41)

System LO Predefined Program Listings (cont'd)

HP8340B/83418 Custem
System L0 Commands P gg},&]‘ l[J;] 0 Hp 85718/867221\ HP 85733/ ¢/ ? Lacal Oscillator
{Special Functicn 42) . Program (41.2] Program (41.3

Program Program (41.5)

42.7 Frequency F (70)

Prefix R (82)

E (69)

Q(81)

Space (32)
Frequency Space (32)
Suffix M @D

H (72)

Z (90)

; (59)

The HP 8673B Option 008 and HP 8673D Synthesized Signal Generators use K-band
amplifiers. The amplifier is used when the output signal is greater than or equal
to 16 GHz. The amplifier used in instruments prior to serial number prefix 2930A
produce excessive broadband noise which can degrade the noise figure of the Noise
Figure Measurement System. If one of these signal generators is being used as the
system local oscillator and the output signal is greater than or equal to 16 GHz, the
K-band amplifier must be removed from the output signal path.

Taking the K-band amplifier out of the signal path involves modifying the auxiliary
commands (Special Function 42.0) for Special Function 41.3. The following HP-
IB program code needs to be added to the auxiliary commands: 9SV. The decimal
equivalent of each ASCII character (95V) is entered into the Noise Figure Meter. The
decimal equivalents of the ASCII characters are as follows: 9 (57), S (83) and V (86).
Modifying the auxiliary commands is described in the Entering Data section of the
Programming the System LO Detailed Operating Instruction.

After the K-band amplifier is removed, the local oscillator must be able to supply the
minimum 1O power required by the Noise Figure Test Set (+8 dBm for HP 8971B and
standard HP 8971C, and 1 dBm for HP 8971C Option 001) over the oscillator’s complete

bandwidth. If the local oscillator can’t supply this level, another local oscillator will
have to be selected.

Controller Capability of the Noise Figure Meter
Measurement Modes 1.1 through 1.9
Programming the System LO

Special Functions
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RF Attenuation Selection
(Special Functions 60, 61, and 62)

Description RF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 62.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific RF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. It is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functions is
contained in Section VIII, Service.'

Procedure To select a specific RF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

o = s | FTeE | s
b LS - = e = = a
- $5|8E|E=| 5| 2% | &2
Special Function Program B | EE | »B | L8| S3 (| =E
oe | 25| BE| 22| 38 37| &3
Description Code L HP-IB 3 SE|EE| 85| 23| £33 | 83

RF Attenuation Selection
Auto 60.0 RO or 60.0SP N N N On On On
+20dB 60.1 R1 or 60.1SP Y N N Off Off Off
+10dB 60.2 R2 or 60.25P Y N N Off Off Off
0dB 60.3 R3 or 60.3SP Y N N Off Off Off
—10dB 60.4 R4 or 60.4SP Y N N Off Off Off
—-20 dB 60.5 R5 or 60.5SP Y N N Off Off Off
—-30dB 60.6 R6 or 60.6SP Y N N Off Off Off
Display RF Attenuator Settings
Display RF Attenuator 61.0 SR or 61.0SP N N N Off Off Off
RF Attenuator Hold
RF Attenuator Hold 62.0 RH or 62.0SP Y N N Off Off Off
? Table categories are explained in the Special Functions Detailed Operating Instruetion.

! Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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. Example

Program
Codes

\ HP-i5 4

Indications

Comments

Related
Sections

Operation

RF Attenuation Selection (contd)
(Special Functions 60, 61, and 62)

To select the RF attenuator hold function:

LOCAL i (O(E e— Function
(keystrokes] [ P ]( 2 ] [. ][ oj E]ﬁ,‘}ﬁ%‘?,&,.
RH
(program codes)

For HP-IB codes, refer to Procedure.

When Special Function 61 is implemented, four digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding 10 dB
pads and 20 dB amplifier are switched into the Input Assembly circuits (see Service
Sheet 1 in Section VIII, Service'). The first, third, and fourth digits each represent —10
dB (10 dB Pad No. 1, 10 dB Pad No. 2, and 10 dB Pad No. 3, respectively). The second
digit represents +20 dB (20 dB Input Gain Amplifier). To obtain the RF attenuator
setting, add the attenuation that is represented by each digit in the display. For
example, a display of “1 1 1 0” indicates an RF attenuation setting of 0 dB.

The following table lists the RF attenuation available (Special Functions 60.1 through
60.6) and the ones (1) and zeros (0) that are displayed, using Special Function 61.0.

Attenuation Special Attenuator or Amplifier

dB Function
(9} -10dB +20 dB -10d8 -10dB
+20 60.1 0 1 0 0
+10 60.2 0 1 1 0

0 60.3 1 1 1 0
-10 60.4 1 0 0 0
—20 60.5 1 0 1 0
—30 60.6 1 0 1 1

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these

Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Calibrate

IF Attenuation Selection
Manual Measurements
Special Functions

! Section VIII, Service, is in the Service Manual. The part number of the Service Mannual is on the title page of this manual.
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Sequence
(Includes Special Function 35)

Description The sequence feature allows the user to predetermine the recall order of the storage

registers. Manual sequence (recall of registers one at a time) or automatic sequence
(continuous recall of registers) can be selected.

Nine digits are used in a sequence. Any combination of registers 1 through 9is allowed.
Zeros used within a sequence are ignored.

Procedure To set the sequence (that is, the recall order), key in 35.2 SPECIAL FUNCTION. The
register to be recalled at each step of the sequence is displayed in turn in the left display.
If a change is desired, enter the new register number and press ENTER. If no changeis
desired, press ENTER to advance to the next step of the sequence. After all nine
registers have been displayed, the Noise Figure Meter returns to normal measurement.
Pressing the FREQUENCY key at any time terminates setting the sequence.

To select the manual sequence mode, key in 35.0 SPECIAL FUNCTION. The
instrument steps through the defined sequence one step at a time each time the SEQ key
is pressed. When the end of a sequence is reached, it starts over.

To select the automatic sequence mode, key in 35.1 SPECIAL FUNCTION. Press the
SEQ key to start automatic sequencing. The instrument starts a continuous recall of

registers in the predetermined sequence. To stop an automatic sequence, press the SEQ
key again.

- 'To clear the sequence (that is, set the sequence to 000 000 000), key in 35.3 SPECIAL
FUNCTION.

To set the sequence to 1 through 9 in order, press PRESET.

= = @0 « e
= . 5 Se £85 | 2
§5| 2§ |E= | EE | z3 | EE
o — = = 4
Special Function Program @ g e | “8 | =S8 | =8 | 8
Code £ | B2 | == | 28| BT | §S
- 25| 2| E2 2o | 228 | &a
Description Code | (B SE| »= | 88 | o3 | £6 | &3
Manual Sequence 35.0 | QM or 35.08P N N N On On On
Automatic Sequence 35.1 | QA or35.18P N N* N Off Off Off
Set Sequence 35.2 | QS or 35.25P N Y N NC 1-9 1-9
Clear Sequence 35.3 | QC or 35.38P N N N Off Off Off
* Enables Special Function key LED to light when SEQ is pressed.
' Table categories are explained in the Special Functions Detailed Operating Instruction.
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. Example

Program
Codes

4D

Indications

Comments

Related

. Sections

Operation
Sequence (contd)
(Includes Special Function 35)
To set the register recall sequence to 1,2, 7,2 and 5:
Function Function

ENTER

DOOE (o],

ENTER

ENTER

LOCAL

[k_e_ys_trnkesl ENTER

ENTER

IEEEEEERE:
JO0DEEEEE

QS1EN2EN7EN2ENSENOENOENOENOEN
L HP-i5 4 TITITITITITITITITIT
(program codes) BEEECEERS58R55585888
E 23 & & & & ¢ &

The program code for the SEQ key is SQ. The program code for the ENTER key is EN.
Refer to Procedure, above, for HP-IB program codes for Special Function 35.

When the Noise Figure Meter is in the manual sequence mode, pressing the SEQ key

causes the storage register being recalled to appear in the left display while the key is
depressed.

When the Noise Figure Meter is in the automatic sequence mode, the SPECIAL
FUNCTION key LEDlights. Register numbers arenot displayed during automaticsequencing.

Register numbers can be repeated in a sequence string.

If fewer than nine register numbers are used for a sequence string, zeros should be
entered so that the sequence always has nine digits in it.

For a list of front panel functions that can or cannot be stored and recalled (therefore,
can or cannot be used in a sequence), refer to Table 3-12, Front Panel Summary, in the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction. For a list of
special functions that can and cannot be stored and recalled, refer to Table 3-14, Special
Function Summary, in the Special Functions Detailed Operating Instruction.

Preset Conditions and Power-Up Sequence

Special Functions
Store and Recall
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Sideband Selection
(Special Functions 2 and 17)

Special Functions 2.0 through 2.2 are used when external down conversion is used with
the Noise Figure Meter or Noise Figure Measurement System (Noise Figure Meter,
Noise Figure Test Set and system local oscillator). Special Functions 2.0 through 2.2
convey to the Noise Figure Meter the sideband operation (double sideband, upper
sideband or lower sideband) being used with the external down conversion. Special

Function 2.3 is used when up-conversion is employed with the Noise Figure Meter or
Noise Figure Measurement System.

Special Function 2 is used in Measurement Modes 1.1 through 1.4, 1.7 and 1.9. Special
Function 2 is optional with Measurement Modes 1.6 or 1.8. Since the user controlled
local oscillator, used in Measurement Modes 1.6 and 1.8, produces a fixed IF and is not
controlled by the Noise Figure Measurement System, Special Function 2 is optional.
However, if Special Function 3.2 (display user controlled local oscillator frequency in
Measurement Modes 1.6 through 1.9) is desired, Special Function 2 will have to be used.

In Measurement Modes 1.2 or 1.7, one of the single sideband special functions must be
selected or else an error code (E34) is displayed. The reason a double sideband
measurement cannot be made in Modes 1.2 or 1.7 is that the frequency at which the
measurement is being made is ambiguous. Therefore, one of the two single sideband
special functions must be selected and the other sideband must be filtered out after the
device under test (DUT) for a meaningful sweep. This eliminates any noise thatis added
by the DUT that may fall in the undesired sideband.

Itisin Measurement Modes1.1,1.3,1.4,1.6,1.8 and 1.9 that the choice between single or

double sideband becomes necessary. The following brief description will help clarify the
choices available:

a. Special Function 2.0 selects a double sideband measurement. The measured result
is an average of the noise figure at two frequencies; in Measurement Modes 1.1 through
1.4, the system local oscillator frequency plus the IF and the system local oscillator
minus the IF;in Measurement Modes 1.6 through 1.9, the user controlled local oscillator
frequency plus the IF and the user controlled local oscillator frequency minus the IF.

b. Special Function 2.1 offsets the measurement frequency to the system local
oscillator frequency minus the IF, in Measurement Modes 1.1 through 1.4. Special
Function 2.1 offsets the measurement frequency to the user controlled local oscillator
frequency minus the IF, in Measurement Modes 1.6 through 1.9. The Noise Figure Meter
uses the ENR (Excess Noise Ratio) value of the offset measurement frequency. When

using Special Function 2.1 an external filter is needed to eliminate the unwanted
sideband.

c. Special Function 2.2 offsets the measurement frequency to the system local
oscillator frequency plus the IF, in Measurement Modes 1.1 through 1.4. Special
Function 2.2 offsets the measurement frequency to the user controlled local oscillator
frequency plus the IF, in Measurement Modes 1.6 through 1.9. The Noise Figure Meter
uses the ENR value of the offset measurement frequency. When using Special Function
2.2 an external filter is needed to eliminate the unwanted sideband.

d. Special Function 2.3 offsets the measurement frequency to the IF frequency minus
the system local oscillator frequency, in Measurement Modes 1.1 through 1.4. Special
Function 2.3 offsets the measurement frequency to the IF frequency minus the user
controlled local oscillator frequency,in Measurement Modes 1.6 through 1.9. The Noise
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. Description

(cont’d)

Operation

Sideband Selection (cont'q)
(Special Functions 2 and 17)

Figure Meter uses the ENR value of the offset measurement frequency. Special
Function 2.3 is useful for frequency upconversion characterization.

Special Function 17 is only used in Measurement Modes 1.5 through 1.9. With the
exception of Measurement Mode 1.5, the measurement signal is converted twice. The
first conversion is done using an external mixer and the user controlled local oscillator.
The second conversion is done using the Noise Figure Test Set and the system local
oscillator. Special Function 17 selects a single sideband (SSB) or a double sideband
(DBS) measurement, for the second conversion (or the first conversion, in the case of
Measurement Mode 1.5). The sideband selection for the first conversion (Special
Function 2) does not have to be the same as the sideband selection for the second
conversion. And the sideband selection for the second conversion does not have to be
the same as the sideband selection for the first conversion.

For measurement signals from 10 to 2400 MHz, single sideband operation is all that is

available. For measurement signals greater than 2400 MHz, single and double
sideband operation are available.

Normally, thereis no need to change Special Function 17. Special Function 17.0 (single

sideband) is the default. Special Function 17.0 has been chosen for best system
performance.

The following descriptions will help to clarify Special Function 17:

a. Special Function 17.0 selects single sideband operation, for the Noise Figure
Measurement System, when the Noise Figure Test Set input frequency is greater than
2400 MHz. Step ¢ describes how to set the single sideband operation to either lower or
upper sideband. The measurement frequency is offset from the system local oscillator

frequency plus or minus the IF, depending upon how Special Function 17.2 has been set
up.

The IF into the Noise Figure Meter (the difference between the Noise Figure Test Set
input frequency and the system local oscillator frequency) is a fixed value of 450 MHz,
set by the Noise Figure Measurement System. The IF can be changed using Special
Function 19.3. For more information on Special Function 19.3, refer to the Fixed IF or

LO Frequency Selection Detailed Operating Instruction. Normally, thereis no reason to
change Special Function 19.3.

b. Special Function 17.1 selects double sideband operation, for the Noise Figure
Measurement System, when the Noise Figure Test Set input frequency is greater than
2400 MHz. The measured resultis an average of the noise figure at two frequencies; the
system local oscillator plus the IF, into the Noise Figure Meter and the system local
oscillator minus the IF, into the Noise Figure Meter.

The IF (the difference between the Noise Figure Test Set input frequency and the system
local oscillator frequency) is a fixed value of 25 MHz, set by the Noise Figure Measurement
System. The IF can be changed using Special Function 19.4. For more information on
Special Function 19.4, refer to the Fixed IF or LO Frequency Selection Detailed Operating
Instruction. Normally, there is no need to change Special Function 19.4.

c. Special Function 17.2 is used with Special Function 17.0. Special Function 17.0
selects single sideband operation, for the Noise Figure Measurement System; Special
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Sideband Selection (contd)
(Special Functions 2 and 17)
Description Function 17.2 selects either lower or upper single sideband operation. Special Function
(cont’d) 17.2 is used to enter a value from 2400 to 30000 MHz. Once the value is entered, a Noise

Figure Test Set input frequency at or below the entered value will be a lower sideband

measurement and a Noise Figure Test Set input frequency above the entered value will
be an upper sideband measurement.

The procedure is to press 17.2 SPECIAL FUNCTION; key in the data (2400 to 30000
MHz) and press ENTER. Once Special Function 17.2 is set up, Special Function 17.0

may be keyed in, if desired. After PRESET, 2401 to 16000 MHz is lower sideband and
16000 to 26500 MHz is upper sideband.

Procedure To select Special Function 2 or Special Function 17, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key. In the case of Special
Function 17.2, the SPECIAL FUNCTION key is pressed then data is keyed in and the

ENTER key is pressed.
= s S E E E [}
. Ep| EE| Bz | EE | == | €5
Special Function Program §§ =E | £F = | £ g -
Code 2| B8 | 22| E8 | 5| ES
Description Code ET| 58| =S| S| 88 | =
p L+p-15 2 S5 | 22| 82| &2 | £E&| &8
Double Sideband (no 2.0 B0 or 2.0SP N Y Y On On On
frequency offset)

Lower Single Sideband 21 Blor21SP
(measurement frequency
less than LO frequency)

Upper Single Sideband 2.2 B2 or 2.2SP Y Y Y Off Off Off
(measurement frequency
greater than L.O
frequency)

e
4
el
o)
=3
Q
=3
o
=

Signal Up Conversion 2.3 B3 or 2.3SP Y Y Y Off Off Off
IF = Faignal plus Fro

Single Sideband measure- | 17.0 B4 or 17.0SP N Y Y On On On
ment for Noise Figure
Test Set input
frequencies >>2400 MHz

Double Sideband 171 B5or 17.15P N Y Y Off Off Off

measurement for Noise
Figure Test Set input
frequencies >2400 MHz

Lower and Upper side- 172 CF or 17.2SP N Y Y NC 16 16
band cross-over frequency GHz | GHz

! Table categories are explained in the Special Functions Detailed Operating Instruction.
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. Example

Program
Codes

\ HP-IE 4

Indications

Related
Sections

Operation

Sideband Selection (contd)
(Special Functions 2 and 17)

To select lower single sideband frequency offset:

LOCAL o CO0E Function
{keystrokes)
G (o]
B1
[program cedes)

For HP-IB codes, refer to Procedure.

For indications, refer to the “Lights Special Function Key” column in the table in
Procedure above.

Measurement Modes

Measurement Modes 1.1 through 1.9
Special Functions
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Smoothing (Averaging)

(Includes Special Function 13)

The purpose of smoothing is to reduce jitter in both the NOISE FIGURE and
INSERTION GAIN displays. Numbers that are sent to both of these displays are
averaged before being displayed.

The Noise Figure Meter has two modes of smoothing: exponential and arithmetic
(straight averaging). The equation for exponential smoothing is:

new measurement n-1 . .
-~ = (previous display)

new display =
where n is the smoothing factor.

The equation for arithmetic is:

n measurements
n

new display =
where n is the smoothing factor.

The smoothing factor can range from 1 to 512 in factors of two. Each time the
INCREASE key is pressed, the smoothing factor is doubled (until the smoothing factor
is 512). Each timethe DECREASE key is pressed, the smoothing factor is halved (until

the smoothing factor is 1). A stable display can usually be obtained by increasing the
smoothing factor.

When exponential smoothing is used for a fixed frequency measurement, the displayis
updated approximately five times per second for all smoothing factors. However, when
alarge smoothing factor is used, the Noise Figure Meter is slow to respond to changesin
the noise measurement when tuning from one fixed frequency to another.

Arithmetic smoothing makes the number of measurementsindicated by the smoothing
factor and averages them before the result is displayed. The display is updated each
time n measurements are made, where n is the smoothing factor. With a smoothing
factor of 1, sixteen measurement updates are made each second. With a smoothing
factor of 512, the measurement update interval is typically forty seconds to one minute.

Calibration and swept measurements always use arithmetic smoothing automatically.

Either exponential or arithmetic smoothing can be selected for fixed frequency
measurements.

To display the smoothing factor, key in 13.2 SPECIAL FUNCTION. If a change is
desired, key in the new smoothing factor and then press the ENTER key.

The smoothing factor can also be changed from the front panel. Press INCREASE for
more smoothing or press DECREASE for less smoothing. Each time one of these keysis
pressed the smoothing factor changes by a factor of two.

To select exponential or arithmetic smoothing for fixed frequency measurements only,

key in the corresponding Special Function code and then press the SPECIAL
FUNCTION key.
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Operation
Smoothing (Averaging) (cont'd)
(Includes Special Function 13)
. Procedure
(cont’d) - < 2| g

- | SE | BEx | B2 = | B8

B @ S a o =] ] ce

. . D et == 2= S = E E ]

Special Function Program s | = | L8| =B | =8| g2
Code 22 | B8 | == | 88 | B | 838
EE | S22 | EB | 8 | 28 S o
Description Code SE | Bd= | S8 | & | a8 | s

Exponential smoothing mode for fixed | 13.0 | VOor 13.0SP N Y N On On On

frequency measurements
Arithmetic smoothing mode for fixed 131 | Vlor13.1SP N Y N Off Off Off
frequency measurements
Displays and allows entry of smooth- 13.2 | AF or 13.2SP N Y N NC 1 1
ing factor
! Table categories are explained in the Special Funciions Detailed Operating Instruction.
Example To select exponential smoothing and a smoothing factor of 4:
Code Function Data Function

LOCAL EBIEENI Y EJ?;:%‘:,:.N

. (keystrokes) [D m m (2_] B:;ml

(& (m

\ HP-IE 4

{program codes)

VOF2

Program Program Code

:EEE. Parameter =D
INCREASE IN
DECREASE DE
Smoothing Factor = 1 F0 or AF1EN
Smoothing Factor = 2 F1 or AF2EN
Smoothing Factor =4 F2 or AF4EN
Smoothing Factor = 8 F3 or AFSEN
Smoothing Factor = 16 F4 or AF16EN
Smoothing Factor = 32 F5 or AF32EN
Smoothing Factor = 64 F6 or AF64EN
Smoothing Factor = 128 F7 or AF128EN
Smoothing Factor = 256 F8 or AF256EN
Smoothing Factor = 512 9 or AF512EN

For HP-IB codes for Special Function 13, refer to Procedure above.
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Smoothing (Averaging) (cont'd)

(Includes Special Function 13)

The current smoothing factor is displayed in the left display whenever the INCREASE
key or the DECREASE key is depressed.

The smoothing factor can be changed while swept measurements are in progress.
However, the smoothing factor cannot be changed during calibration.

For fixed frequency measurements, arithmetic smoothing is mainly useful in HP-IB
systems. Exponential smoothing is best for reading measurement results on the front
panel display or on an oscilloscope.

When using exponential smoothing, any time the fixed frequency changes, a number of
measurements equal to the smoothing factor is made before any results are displayed.
During this time the NOISE FIGURE display shows four dashes ( «— — — —).

In exponential smoothing, to reduce the settling time after a large measurement

change, press the FREQUENCY key to reset the display to the current measurement
value.

Calibrate

Fixed Frequency Tuning
Special Functions
Sweep
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Special Function Catalog

. (Special Function 50)
Description

Special Function 50 displays the contents of the eight line special functions catalog
either sequentially or by individual line. The catalog can be used to quickly determine
the present status of many of the special functions. For a concise explanation of the
special function catalog, refer to the Special Function Catalog Summary shown below.

Special Function 50.N displays the Special Function Catalog. 50.0 SP sequences through 8 catalog
lines. 50.1 through 50.8 SP display the specified catalog line. For example:

@ @ @ @ @ Displays the N = 1 fine.

The first displayed digit {N) is the catalog line number. Each of the digits is the suffix of a
specific Special Function as shown in the table below.

{ 7 7 T SP Code suffixes

This display indicates the
following Special Functions:

14,22,4.0,50
N 1 2 3 4 ——————Digit positions
';5'(“)5 SPECIAL FUNGTION PREFIXES
1 1 2 4 5 ~———————8P code prefixes N = 1
2 10/8' |11 192 13
3 16 14 15 3
2 30 X 32 34
5 35 M+ | a3 17
6 805 | 70 s | o2
7 45 46 a7 48
8 19 N/A 36 N/A .

10—4 = 10.0 through 10.48P; 5=9.1SP; 6 =0.28P; 7=9.35P; 8=9.4SP.
23=12.1SP ;and 12.2SP selected.
3 Indicates selected analog output; 0—3 = 7.0 through 7.35P; 4= 22.0SP; 5 = 23.0SP; 6= 24.05P; 7 =82.08P.

4|ndicates selected System L.O program: 0=41.0SP (HP 8350B); 2=41.2SP (HP 8671B/8672A);
3=4135P (HP 8673B); 4=41.4SP (HP 83408); 5=41.55P (Custom LO program)

50—6=60.0 through 60.6 SP; 9=63.0SP through 63.55P.

60=Normal display; 1= 80.0SP (Voltmeter Mode, Noise Source Off); 2=81.0SP (Voltmeter Mode, Noise
Source On).

Figure 3-41. Special Functions
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Special Function Catalog (contd)
(Special Function 50)

Procedure To select a specific special function catalog display, key in the corresponding Special .
Function code and then press the SPECIAL FUNCTION key.
= = s |T8 s
58|45 f= | 2E 33| Ef
Special Function Program wg | £ r‘(;a § B | &S5 | B
Gode £E| B2 | 22 | €8 | 8% | €S
Description Code L HP-1B 2 SZ | ZE| S5 | 828 | &5 | 83
Sequence through all 50.0 GO or 50.0SP N N N Off Off Off
eight lines at once

Display Line 1 50.1 G1 or 50.1SP N N N Off Off Off
Display Line 2 50.2 G2 or 50.25P N N N Off Off Off
Display Line 3 50.3 G3 or 50.38P N N N Off Off Off
Display Line 4 50.4 G4 or 50.48P N N N Off Off Off
Display Line & 50.5 G5 or 50.55P N N N Off Off Off
Display Line 6 50.6 G6 or 50.65P N N N Off Off Off
Display Line 7 50.7 G7 or 50.7SP N N N Off Off Off
Display Line 8 50.8 G8 or 50.85P N N N Off Off Off

' Table categories are explained in the Special Functions Detailed Operating Instruction.

Example To display line 2 of the special function catalog:
e (00E  ema—t— Function
LOCAL
(eysrkes CICIIET [o)mm,
{pragram codes) G2

Program For HP-IB codes, refer to Procedure above.

Codes

Indications When Special Function 50.0is selected, the Noise Figure Meter automatically sequences
through all eight lines, showing the status of each line for approximately one second in
the left display.

When Special Functions 50.1 through 50.8 are selected, the status of the corresponding
line is displayed in the left display until another function is selected.

Under the left display are reference characters N, 1, 2, 3, and 4. N refers to the line
number and 1, 2, 3, and 4 refer to digit positions in the display.

Comments To read the special function catalog information via HP-IB, use Special Functions 50.1
through 50.8 and read oneline at a time. The HP-IB output format must be set to output
all three displays (HP-IB code H1 or 43.1SP).

Related Special Functions

Sections
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. Description

Operation

Special Functions

General Information. Special Functions extend user control of the instrument beyond
that normally available from dedicated front panel keys. They are accessed via
keyboard entry of the appropriate numeric code terminated by the SPECIAL FUNC-
TION key. The codes consist of a prefix, decimal, and suffix. Special Functions are
grouped by their prefixes into five categories as follows:

Prefix 0

Thisinitializes selected Special Functions. Refer to Table 3-14, Special Function
Summary, for a complete listing of initialized Special Function conditions.

Prefixes 1 to 49

These are User Special Functions which are used during normal instrument
operation when a special configuration, a special measurement, or special

information is required. These Special Functions are described in the Special
Function Summary, Table 3-14.

Prefixes 50 to 59

These are Catalog Special Functions and are used to display the status of
Special Function settings. Refer to the Special Function Catalog Detailed
Operating Instruction for additional information.

Prefixes 60 to 79

These are Auxiliary Special Functions which are normally used for servicing
the Noise Figure Meter. However, some of these Special Functions must be
used for manual measurements (HOT and COLD). Refer to Section VIII
(Service'), and the IF Attenuation Selection and RF Attenuation Selection
Detailed Operating Instructions for additional information.

Prefixes 80 to 99

These are the Service Special Functions used to assist in troubleshooting an
instrument fault. The functions available are quite diverse — special internal
measurements, software control, and special service tests and configura-

tions. These Special Functions are discussed in detail in Section VIII,
Service.!

Special Function Summary Table. A summary of User, Catalog, and Auxiliary Special
Functions is given in Table 3-14. Most of the Special Functions are explained in more
detail in other operating instructions.

The “Lights Special Function Key” column indicates which Special Functions, when
active, light the SPECIAL FUNCTION key LED on the front panel.

The “Stored in Continuous Memory” column indicates whether or not the status of a
Special Function can be retained when power is removed from the Noise Figure Meter.

The “Can Be Stored and Recalled” column indicates whether or not the status of a
Special Function can be stored in an internal storage register for recall at a later time.

The “Special Function 0.0 Conditions” column indicates the status of each Special
Function (that is, on, off, or no change) when Special Function 0.0 is selected.

! Section VIIL, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Special Functions (cont'd)

The “Preset (and HP-IB Clear) Conditions” column indicates the status of each Special
Function when the front panel PRESET key is pressed (or HP-IB code PR is sent). In

addition, this column indicates default data values that are set for some Special
Functions.

The “Special Function (0.9 Conditions” column indicates the status of each Special
Function when Special Function 0.9 is selected. In addition, this column indicates
default data values that are set for some Special Functions. Special Function 0.9 is the
highest level of preset that the Noise Figure Meter has. Special Function 0.9 sets up
everything that is set by PRESET or Special Function 0.0 and more. When Special
Function 0.91s selected it doesn’t have any effect on the ENR tables or the IF calibration
data. Special Function 0.9 does set the defaults for all Hewlett-Packard Interface Bus

(HP-1IB) and System Interface Bus (SIB) addresses and the system local oscillator
programs.

To use a Special Function, key in the corresponding code, then press the SPECIAL
FUNCTION key.

To select Measurement Mode 1.1 (Special Function 1.1):

pmmn CodE  mm— Function

LOCAL

(keystrokes) @ @ E] B oL

\ HP-15 g

{program codes) E1

The numeric code appears in the left display as it is being entered. Pressing the
SPECIALFUNCTION key activates the selected Special Function. Refer to the “Lights

Special Function Key” column in Table 3-14 for a list of Special Functions thatlight the
key LLED.

Calibration, Frequency

Calibration, IF Attenuators

Calibration, Input Gain Selection

Controller Capability of the Noise Figure Meter
Data Output to Oscilloscopes, Recorders and Plotters
Display Control

Display Resolution

Display Units Selection

Fixed IF or LO Frequency Selection

HP-IB and System Interface Bus (SIB) Addresses
IF Attenuation Selection

Loss Compensation

Manual Measurement Functions

Measurement Mode 1.0

Measurement Mode 1.1

Measurement Mode 1.2

Measurement Mode 1.3

Measurement Mode 1.4




HP 8970B

Related
Sections
(cont’d)

Special Functions (contd)

Measurement Mode 1.5

Measurement Mode 1.6

Measurement Mode 1.7

Measurement Mode 1.8

Measurement Mode 1.9

Noise Figure Test Set YIG Filter Calibration
Power Measurements

Preamplifier Selection

Preset Conditions and Power-Up Sequence
Programming the System LO

Programs Available to Control the System L.O
RF Attenuation Selection

Sequence

Sideband Selection

Smoothing

Special Function Catalog

Spot ENR, T}oi, Teoig and ENR Table Selection
System Interface Bus Control

Temperature Units Selection

Trigger Selection

Operation
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HP 8970B

Operation
Table 3-14. Special Function Summary (1 of 15)
. e = ;-‘i @ =
® L S |o "3 w & 2 g
Special Function Program SE|lEZ BE(EE 88 (£
- we oo BE =2 | S5 Relerences and
Code Description ES|ESIE=|ES 85 | €S9 Comments
Name Code” |QIAE) SZZE|SE|88 £E8 | &3
Initialize 0.0 CS | Initializesmany Special | N | — | — | — Preset Condi-
Special Functions tions and Power
Functions 09 — Initializesorsetsdefaults| N | N | N | — - - Up Sequence
for all Special Functions
Measurement 1.0 EO Mode 1.0 (10-1600 MHz; N|Y}!Y |On| On On | Measurement
Mode Selection 2047 MHz, opt 020, Meas) Mode 1.0
(NoiseFigure | 11 | E1 | Mode 11 (fixed IF; N | Y |Y|off| Off | Off | Measurement
Meter) variable freq. sys. LO) Mode 1.1
1.2 E2 Mode 1.2 (variable IF; N |Y Y Offf] Off Off | Measurement
. fixed freq. sys. L.O; SSB) Mode 1.2
1.3 E3 | Model.3 (fixed IF; N|Y|Y |Ofy Off Off | Measurement
variable freq. sys. LO; Mode 1.3
mixeris DUT)
1.4 E4 Mode 1.4 (variable IF; N|Y!|Y |Off|] Off Off | Measurement
fixed freq. sys. LO; mixer Mode 1.4
is DUT)
Measurement 1.5 E5 Mode 1.5 (10 to 26500 N | Y |Y |Oofff Off Off | Measurement
. Mode Selection MHz) ) Mode 1.5
(Noise Figure 1.6 E6 | Model6(fixedIF;varia- | N | Y | Y |Off| Off Off | Measurement
gleisurfment ble user controlled LO) Mode 1.6
ystem 17 | E7 | Model.7(variableIF; | N | Y |Y |Off| Off | Off | Measurement
fixed freq. user controlled Mode 1.7
LO; SSB
1.8 E8 Mode 18 (fixedIF;vari- | N | Y | Y |Off| Off Off | Measurement
able user controlled LO; Mode 1.8
mixer in DUT)
1.9 E9 Mode 1.9 (variable IF; N|Y Y |Off] Off Off | Measurement
fixed user controlied LO; | Mode 1.9
mixer in DUT.)
Sideband 20 BO Double Sideband N|Y|[Y |On]| On On | Sideband
Frequency {no offset) Selection
Offset 21 | Bl | LowerSingleSideband | Y | Y | Y |Off| Off | Off
(Faignat < Fr0)
2.2 B2 | Upper Single Sideband Y| Y ! Y |Offf Off Off
(Fsigna1 = FLo)

2.3 B3 Signal Up Conversion Y| Y |Y |Offy Off Off
IF = Fugoa + Fro

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N =No; Y = Yes; NC = No Change; — = Not Applicable
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Table 3-14. Special Function Summary (2 of 15)

= |5 | %2 s
£35E8|25 Z= | 3E
, . g=122|82 5= EE | 2=
L=lns s= =
Special Function Program » @ E Sl sE -;,'i SE References and
Code Description Eg|2elPxE SOl B ]
. SE| S2|ce2 | 8a| 88 D Comments
Name Code* | (SEEE) SZ|RE|SE|ac| & | o
Enter IF and 3.0 IF IF (for Modes 1.1 & 1.3) N | Y |Y |[NC|30MHz({30 MHz| Fixed IF or LO
LOFrequencies (for Modes 1.6 & 1.8) 3500 | 3500 | Frequency
MHz | MHz | Selection
3.1 LF | LO(forModes1.2&14) | N | Y | Y |[NC|10000 | 10000
MHz | MHz | Measurement
(for Modes 1.7 & 1.9) 44 000 | 44 000 | Modes, Special
MHz | MHz | Function 1
3.2 | UL | Display the User Con- N | N | N |off| Off | Off '
trolled LO Frequency in
Measurement Modes 1.6
through 1.9
Control 4.0 | none | Normal Talker and N|Y | NI|NC| NC On | Controller Cap-
Function 411 — Listener —_ =] = — _ abi_lity qf the
Selection 42 | none | TalkOnly N|Y|N|NC| NC | of |poiseligue
EN]_{, THOT 5.0 SO Use ENR Table N|Y|Y |On| On On | Spot ENR, Tuor,
Settingsand | 51 | S1 | UseSpotENR Y |Y |Y |off| Off | Off | Tcoand ENR
ENR '!‘able 5.2 SE Display Current ENR N | N | N |Off| Off Off Table Selection
Selection indB
5.3 NR | EnterandUseSpotENR | N | Y | Y |[NC|15.2dB|156.2dB
5.4 TH | Enter and Use THOT N | Y | Y |NC|9893K | 9893K
55 SN | Enter Noise Source N|Y | N |NC| NC NC
Identifier
5.6 NS | Noise Source catalog N | N |N|[NC| NC NC
5.7 EC | ENR table number for N|Y Y |NC 0 0
calibration
5.8 EM | ENR table number for N|[Y|{Y |[NC 0 0
the measurement
TCOLD 6.0 TC { Enter TCOLD N {Y | Y [NC{296.5K {296.5K | Spot ENR, Tuor,
Setting TcoLp and ENR
Table Selection
QOutput to 7.0 AQ Noise Figure and Gain N]J]Y N |On| On On Dat‘_':l Output to
Oscilloscope 71 | A1l | TestPatiern N | Y |N|off| off | off | Oscilloscopes,
72 | A2 | NoiseFigure Only N|Y|N|of| off | off |ecordersand
7.3 A3 | Gain Only N |Y (N |Off| Off Off
74 A8 Cursorenabledforoseil- | N | Y | N |[On}] On On
loscope display
75 A9 Cursor disabled foroscil- | N | Y | N jOff| Off Off
loscope display
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N =No; Y= Yes; NC = No Change; — = Not Applicable

1Special Function 4.1 is no longer used. Refer to Special Function 46.
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Tahle 3-14. Special Function Summary (3 of 15)
= El® [ = <
Special Functi Program EE 'gg g% Eé EE u§-'§
pecial Function g - P ogl=8EE T2 | S5 References and
Code Description EB|E5|EE|g2| 25 | 2 Comments
Name Code* |EEE) 52 |3E|85|82| £8 | 53
Enter 8.1 NL | Noise Figure Lower N|Y|YI[NC| O 0 Data Output to
Oscilloscope Limit Oscilloscopes,
Limite 82 | NU | Noise Figure Upper N|Y|Y |NC| 8 g | Recordersand
Limi Plotters
mit
8.3 GL | Gain Lower Limit N|lY!|Y |NC 0 0
8.4 GU | Gain Upper Limit N|jY|Y |[NC| 40 40
Power 9.1 N5 SOURCE Off (uncal) N |Y|Y |Ooff| Off Off | Power
Measurements | g5 | Ng | SOURCE On (uncal) N | Y|y |of| o | of |Measurements
9.3 N7 | SOURCE Off (cal) N|Y|[Y (Offf Off Off
94 N8 | SOURCE On (cal) N[ Y |Y [Offf Off Off
Noise Figure 10.0 NO | FdB Ni{Y!Y |[On] On On | Display Units
Display Units 10.1 N1 F N |y |y ogl of Off Selection
102 | N2 |YdB N|Y|Y |Offf Off Off
103 N3 |Y N|]Y!Y [Off] Off Off
104 | N4 | TeK N|Y|Y |Off| Off Off
Select Noise 110 DO K N|Y!Y!On| On On | Temperature
Source Temp. ° Units Selection
Units for Data 11.1 D1 ¢ N Y Y Off Off Off (Also see Special
Input 112 | D2 | °F N|Y|Y |Off{ Off Off | Functions 5.4,
6.0 and 34.3)
Display 12.0 X0 | Maximum Resolution NI!Y | NiOn| On On | Display
Resolution 121 | X1 | Less Res. on Noise N | Y | N |off| o | off | Reselution
Figure
12.2 X2 Less Res. on Gain N!Y | N Off| Off Off
Smoothing 13.0 VO | Exponential Smoothing | N | Y [N {On| On On | Smoothing
(Averaging) | 131 | V1 | Arithmetic Averaging | N | Y | N |off| off | off | (Averasing)
13.2 AF Smoothing Factor N|Y | N |NC 1 1
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N = No; Y = Yes; NC = No Change; — = Not Applicable
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Table 3-14. Special Function Summary (4 of 19)
- 2 =2 =
— 2 B 2w a8 Sw
i i cEIZE |wS s | LE
Special Function Program - “EoaledisE =2 | 55 References and
Code Description £8|E8|22 (20| 85 | g2° Comments
Name Code* | (IERED SE|ZE|SE|E8| &8 | 23
Manual 141 | MC | Cold Measurement N|Y|Y |Offf] Off Off | Manual
Measqrement (SOURCE-off) Measurement
Functions 142 | MH | Hot Measurement N|Y | Y|off] off | off | Functions
(SOURCE-on)
143 | CC | Cold Calibration N | Y |Y |Off| Off Off
(SOURCE-off)
144 | CH | HotCalibration N | Y |Y |Offf Off Off
(SOURCE-on)
15.0 PO | Display Current N{N:Y |On| On On
Measurement
15.1 r1 Display Manual Y{N|Y |Off{ Off Off
Measurement Results
Display 16.0 | DF | Measurementfrequency | N | Y | Y |{On| On On | Display Control
Control is displayed in left
window.
16.1 DI Input to Noise Figure NlY | Y |Off] Off Off
Meter (Modes 1.0 through
1.4) or Noise Figure Test
Set (Modes 1.5 through
1.9) displayed.
16.2 BF | Frequency displayis NjiY|Y |Offf Off Off
blanked.
16.3 | BA | Alldisplaysareblanked. | N | Y | Y |Off| Off Off
Sideband 17.0 | B4 | Single Sideband Y {On| On On | Sideband
Frequency Operation (Modes 1.5 Selection
Offset through 1.9)
17.1 B5 | Double Sideband N | Y |Y [Off| Off Off
Operation (Modes 1.5
through 1.9)
172 [ CF | Upperand Lower side- N]1Y |Y |NC|16GHz|16 GHz
band crossover
frequency selection
Noise Figure 19.2 S2 Internal IF for SSB2 N]Y|[Y INC| 700 700 | Fixed IF or LO
Measurement MH:z | MHz Frequ_ency
System 19.3 83 Internal IF for SSB3 N |Y |Y |[NC| 450 450 | Selection
Internal IF MH:z | MHz
19.4 S4 Internal IF for DSB N1 Y |Y |NC|25MHz{25 MHz
19.5 S5 | Display Noise Figure N | N | N |NC| NC NC
Meter input frequency
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Cade.
N =No; Y = Yes; NC = No Change; — = Not Applicable
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Table 3-14. Special Function Summary (5 of 15)
=.le8 Ewl 2 | Sa
5|55 EE(25| = | E8
Special Function Program ScleE|hE|CE| 88 | LB
- relag wd|ws| == | S5 References and
Code Description £8|9 gl2= |83 2k | B89 Comments
Name Code” | EED =3 |8E|8E|83| £ | 82
Recorder 200 | LL | GotoLlower Left N | N | N |Off| Off Off | Data Outputto
Functions 210 | UR | GotoUpper Right N | N | N |off| off | of | Oscilloscopes,
Recorders and
22.0 A4 | Plot Noise Figure N | Y | N |Off] Off Off | Plotters
230 { A5 | PlotGain N |Y | N | Off|] Off Off
240 | A6 | X-AXIS OutputisNoise | N | Y | N 10ff| Off Off | Data Output to
Figure and Y-AXIS Oscilloscopes,
Output is Gain (Strip Recorders and
Chart mode) Plotters
Plotter 25.0 | PA | Plotgrid and data N | N | N [Off{ Off Off | Data Output to
Functions 951 | PG | Plotgridand axeslabels | N | N | N |off| off | og | Qscilloscopes,
Recorders and
252 | PD | Plotdataonly N | N | N |Off] Off Off | Plotters
253 | NP | Selectnoisepennumber | N | N | N |NC 1 1
254 | GP | Selectgain pen number N | N | N INC 2 2
25.5 | WT | Selectplot name N |N|N |NC| HP HP
8970B | 8970B
Noise | Noise
Figure | Figure
Meter | Meter
Trigger 30.0 TO Free Run N{N|N|On| On On | Trigger Selection
Selection 301| T1 |Hold N | N | N |off| off | Off
30.2 T2 Execute N | N | N |Off| Off Off
Frequency 310 Y0 | Automatic N|N|N|On| On On | Calibration,
Calibration Frequency
311 | Y1 | Disable Frequency Cal N | N[ N |[Off| Off Off
312 | Y2 | Perform1FrequencyCal | N | N | N |Off| Off Off
Input Gain 320 | CO |20,10and0dB NIN|NijOnj On On | Calibration,
Calibration | 351 | ¢1 |10,0and—10dB v |N |~ |om| of | o |InputGain
Selection
322 | C2 | 0,—10and—20dB Y | N | N |Off| Off Off
323 | C3 | —10,—20and—30dB Y | N | N |Off| Off Off

N =No; Y = Yes; NC = No Change; — = Not Applicable

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-14. Special Function Summary (6 of 15)
== = 22 =
= jeSle =S &8 | 2w
gggszuug &= = i~
. . gx|SEISZ|S= BB | B2
Special Function Program BE|ELIPESLBl ES | XS
- we|lolliagslsE o= | ES5 References and
Code Description ZSE5|25/85 €5 | €© Comments
Name Code* | QL) SE|BE(SEES £& | &3
IF Attenuators | See footnote | Calibrate IFAttenuators { N { Y | N |Off| Off Off | Calibration, IF
Calibration below’ Attenuators
Loss 34.0 Lo Off N|Y|N|{On| On On | Loss
Compensation | g4 Li On Y| Y |NI|offl off off | Compensation
342 LA | EnterLoss before DUT N | Y| N|NC| 0dB | 0dB
indB
343 LT | Enter Temperature of N |Y | N |NC| 0K 0K
Losses
344 1B Enter Loss after DUT N|Y|N|NC| 0dB | 0dB
indB
Sequepce 350 QM | Manual N N | N |On| On On | Sequence
Functions 351 QA | Automatic N’| N | N |Off| Off | Off
35.2 QS Set N!Y|N|NC| 1—9 1-9
353 QC | Clear N | N | N |Off| Off Off
Noise Figure 36.0 FT | EnableFineTuning Ni{iY]|Y |On|l On On | Noise Figure
Test Set YIG Calibration before Noise Test Set YIG
Filter Fine Figure Measurement Filter
Tuning System Cal. (Error E28 Calibration
Calibration enabled.)
36.1 FD | Disable Fine Tuning N!Y!|Y |Offf Off Off
Calibration before Noise
Figure Measurement
System Calibration is
done.
362 FW | DisableFine Tuning Y |Y | Y |Offf Off Off
Calibration before Noise
Figure Measurement
System Calibration is
done, Also, error twenty-
eight is disabled.
36.3 PF | Perform a Fine Tuning N|N| N |Off; Off Off
Calibration from START
FREQ to STOP FREQ
and enable Special
Function 36.1.
36.4 FF | EnableaFine Tuning N | N | NIOffi Off Off
Calibration at the
current frequency

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N =No; Y =Yes; NC = No Change; — = Not Applicable

'IF Attenuators Calibration; Special Function 33.1 (HP-IB Code CI). IF Special Function 33.1 is used, the gain accuracy specification will be
degraded from 0.15 dB to a typical value of 0.25 dB. For more information, refer to the Calibration, IF Attenuators Detailed Operating

Instruction.

*Enables Special Function Key LED to light when SEQ is pressed.
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Table 3-14. Special Function Summary (7 of 15)
‘ 2. |E.E|E
- LS = a8 = @
Special Function Program Bs|ESI125|SE S8 | ST | References and
Code Description 25 |BE2|8€|8S ET | €8
Name Cote* €D S5|82|88|35| £2 | &2 Comments
Interpolated 39.0 | DG | Disables interpolated NlY]|Y|NC| O On | Calibration
Measurements measurements in Meas-
urement Modes 1.5t0 1.9
39.1 EG | Enablesinterpolated N|iY|Y |NC| Off Off
measurements in Meas-
urement Modes 1.5t0 1.9
HPIB and SIB | 40.0 | none | Displayand EnterNoise | N | Y | N |[NC| NC 8 HP-IB and SIB
Addresses Figure Meter Address Addresses
40.1 EA | Display and Enter Sys. Ni{Y | N |NC| NC 19
LO Address
402 | HT | DisplayandEnterNoise | N | Y | N |[NC| NC 10
Figure Test Set Address
40.3 | HP | Display and Enter NIY | N |[NC| NC 5
Plotter Address
404 | HS | DisplayandEnterSys- | N | Y | N {NC| NC | 8
tem Interface Bus
Address
. 40,5 | HC | Display and Enter the N11Y | N|NC| NC 16
Pass Control Address
40.6 | PT | Display and Enter the N|Y | NINC| 0O o
Address of the Pass
Through Device on the
System Interface Bus
40.7 | VP | Display the Pass N | N | N [NC| NC NC
Through Address of the
Noise Figure Meter
System L.O 41.0 Jo HP 8350B Sweep N | Y | N |[NC| NC On | Programs
Programs Oscillator Available to
412 | Jo | HP867IB/8672ASyn. |N | Y | N |[NC| NC | off ‘830“:‘01&‘;
Signal Generator ystem
41.3 J3 HP8673B/CSyn.Signal | N | Y | N |[NC{ NC Off
Generator
41.4 J4 HP 8340B/8341BSweep { N | Y | N | Off| Off Off
Oscillator
415 J5 Custom Local Oscillator | N | Y | N |Off; Off Off

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N = No; Y = Yes; NC = No Change; — = Not Applicable

, !Also, Pass Through Mode is disabled.
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Table 3-14. Special Function Summary (8 of 15)
2 Ei « =
g3SE EB(E8) 2E | £
Special Function Program Sc|=EE|HE|CE| §8 | =8
- s =Bled|TEl =2 | S5 References and
Code Description £8|28|E=|e5| 85 | 82 Comments
Name Code* (@EAE) 52 |2£(838|88| £8 | 83
System LO 420 | AC | Auxiliary Commands N|Y | Y |NC| NC 0 Programming
Commands | 401 | pg | CWPrefixandSuffix | N | Y | N [NC| NC [cw,mz| the SystemLO
422 | TM | Settling Time in ms N}1Y [N |NC| NC 60
423 | MN | Min Frequency in MHz N|Y | N|NC| NC | 2000
424 | MX | MaxFrequencyinMHz | N | Y | N |[NC| NC |26500
425 PL | Powerlevelin dBm N|Y |Y |[NC| NC |6dBm
42.6 PC Power Prefixand Suffix | N | Y | N I[NC| NC NC
(Special Function 41.5)
427 | FC | Frequency Prefix and N|Y |N|NC| NC NC
Suffix (Special Function
41.5)
HP-IB Data 43.0 HO NOISE FIGURE Only N N[N{On| On On Refer to Remote
Output . Operation
. 43.1 H1 Frequency (leftdisplay), | N | N | N [|Off| Off Off ’
Selection INSERTION GAIN, iiewi;att—chkard
NOISE FIGURE nterface Bus
43.2 H2 | Send gainreferenceand | N | N | N |Off| Off Off
second stage temperature,
while calibrating.
Service 440 Q0 Disable SRQ Capability | N | N | N |Off| Off Off | Refer to Remote
Request (clears all enabled Operations,
conditions) Hewlett-Packard
441 | Q1 |EnableDataReadyto |N (N | N |off| off | off | InterfaceBus
cause an SRQ
44.2 | Q2 | EnableCalCompletetc | N | N | N |Off | Off Off
cause an SRQ
44.3 | Q3 (| Enable HP-IB Code N{N|{N{On| On On
Error to cause an SRQ
44.4 Q4 Enable SRQ on the N[N | N Off{ Off Off
System Interface Bus
44.5 Q5 Enable System Interface | N | N | N |Off | Off Off
Bus control active
44.6 Q6 EnableInstrumentError | N | N | N |Off | Off Off
to cause an SRQ
44.7 | RM | SetStatus Byte Mask N[I(N|N|{4 4 4

N =No; Y = Yes; NC = No Change; — = Not Applicable

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Table 3-14. Special Function Summary (9 of 15)
. = s [T 85
i i e e PEET e 2Is
Special Function Program o @ :2 £ »E g—a E=S8 % E Relerences and
Code Description ZS|E8 2= 1532 K(BS Comments
Name Code* |QEEE) SEZE|SE| B8 S |83
Service Request | 44.8 Q8 Enable Extended Status | N | N | N | Off | Off | Off
(cont’d) Byte
44.9 RE Set Extended StatusByte| N | N | N | O 0 0
Mask
Noise Figure 45.0 | TE | EnableNoiseFigureTest| N | Y | N |[NC| NC | On | System Interface
Test Set Control Setin Modes 1.5 — 1.9 Control
45.1 TS | Enable Noise FigureTest| N | Y | N |NC | NC | Off
Set on SIB in all Modes
45.2 | TD | Disable Noise Figure N| Y | N |NC|NC | Off
Test Set on SIB
System Local 46.0 LE Enable LO on SIB N | Y | N |NC{NC/| On | SIBControl
Oscillator
Control
46.1 LD | Disable LO on SIB NI|Y NC | NC | Off
Plotter and 47.0 PI Plotter is on SIB N|Y NC | NC | On | Data Output to
HP 8757 Scalar Oscilloscopes,
Analyzer Control Recorders and
on SIB Plotters and
SIB Control
47.1 | PM | Enable plot data tobe N ! Y | N |NC| NC | Off
read on HP-IB .
472 ZP | EnableScalarAnalyzer | N | N | N |On|{ On | On
commands on SIB
473 | ZQ | DisableScalar Analyzer | N | N | N | Off | Off | Off
commands on SIB
474 ZR | DisplayandenterScalar | N | N | N {NC| 18 16
Analyzer SIB address
475 Zs Enter measurement N | N|N|NC}| 0 0
frequencies per Scalar
Analyzer display refresh
SIB Controller 48.0 | SC | NoiseFigure Meteris N | Y | N [NC|NC | On | SIB Control
System Controller on SIB
48.1 | NC | NoiseFigure Meterisnot | N | Y | N {NC| NC | Off
System Controller on SIB
48.2 | DC | Disable controller colli- N|Y [N {NC|Off | Off
sion, on SIB, error (E48)
*Most Special Funetions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y= Yes; NC=No Change; — = Not Applicable
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Table 3-14. Special Function Summary {10 of 15)

Special Function Program
Gode Description

Name Code* |CLRED

Sharing 49.0 DP | Disable Auto Pass System Interface
Control on the Control on the System Control

System Interface Bus
Interface Bus

References and
Comments

Lights Spesial
Function Key
Stored in Con-
tinvous Memaory
Can be Stored
and Recalled
Special Functions
0.0 Conditions
Preset [and HP-1B
Clear) Conditions
Special Function
0.2 Conditions

z
=<
z
Z
@]
2
Q
o
=}

49.1 EP Enable Auto Pass N |Y |N|NC| NC Off
Control on the System
Interface Bus

49.2 | CR | NoiseFigure Meter N INI|!NI[INC! NC Off
releases control of the
System Interface Bus

49.3 CT Noise Figure Metertakes | N | N | N [NC| NC Off
control of the System
Interface Bus

49.4 SB Noise Figure Meterdoes { N | N | N INC| NC Off
a serial poll on the
System Interface Bus

495 | DD | Enableaselectivedevice | N | N | N |Off| Off Off
clear of the Pass Through
Device on the System
Interface Bus

49.6 DS Enableadeviceclearon | N | N | N (Off{ Off Off
the System Interface
Bus, if the Noise Figure
Meter is the active
controller

49.7 IS Enable an interfaceclear | N | N | N |Off | Off Off
on the System Interface
Bus, if the Noise Figure
Meter is the system
controller

Special 50.0 GO Scan Special Function Off | Off Off | Special Function
Function Catalog Lines Catalog

Catalog 501 | G1 | LinelStatus off| off | Off
502 | G2 Line 2 Status
50.3 [ G3 | Line3Status
50.4 | G4 | Line4 Status
505 | Gb Line 5 Status

Z
Z
Z

Off | Off Off
Off | Off Off
Off | Off Off

Z 2 2Z 2 Z
2z 2 2 2
2 2 2 2 Z

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N =No; Y = Yes; NC = No Change; — = Not Applicable
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Operation
Table 3-14. Special Function Summary {11 of 15)
‘ = |E |®e |&
i L] = =2 =82
$5\55\Ez|85| 38 | Es
Special Function Program &g |=Z “gILEl =8 | S References and
Code Description £35 BE|8= 53 B 3 Comments
Name Code* |(TEMED SZGESS|82| £8 | 83
Special 506 | G6 | Line6Status N |N|N |off| Off | Off
Function ]
Catalog 50.7 G7 | Line 7 Status N[N | N |Off| Off Off
{cont’d) 50.8 G8 | Line 8 Status N {N | N |Of| Off Off
RF Attenua- 60.0 RO | Auto N|N|N|[On}] On On | RF Attenuation
tion Selection 60.1 Rl +20dB v | N | N logf| off Off Selection
60.2 R2 | +10dB Y | N | N |Off] Off Off
60.3 R3 0dB Y | N| N |Off Off Off
60.4 R4 | —10dB Y | N | N |[Off] Off Off
60.5 R5 -20dB Y| N | N Offf Off Off
60.6 R6 | —30d4B Y {N | N {Off{ Off Off
Display RF 61.0 SR | Display RF Attenunators | N | N | N [Off | Off Off | RF Attenuation
Attenuator Selection
Settings
RF Attenuator | 620 | RH | RF Attenuatorsareheld | Y | N | N |Off | Off Off | RF Attenua-
Hold in the configuration that tion Selection
exists when Special Func-
tion 62.01s activated
Individual RF | 63.0 Zo Select RF through Path Y | N | N |Off| Off Off | RF Attenuation
Attenuator Selection
Selection 63.1 Z1 ?elect 10dBPadNumber| Y | N | N |Off| Off Off Refer to Section
VIII, Service!
63.2 72 Select 20 dB Input YN | NI{Off| Off Off
Amplifier
63.4 Z4 Select 10dBPad Number | Y | N | N |Off| Off Off
2
63.5 z5 Select 10dBPad Number | Y | N | N |Off | Off Off
3
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N =No; ¥ =Yes; NC = No Change; — = Not Applicable
. 1Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manaual,
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Table 3-14. Special Function Summary [12 of 15)
= |E.|TE | =
= Lo F—X-c4 1 —L]
£5/85|Ex8|E5| 38 | ES
Special Function Program S|ET|BESE 23 | =8 References and
Code Description 2388 S £3| 8% | €8 C )
Name Code* |QEATD) SE|ZE|8E |52 £8 | 32 omments
Noise Figure 64.0 CpP Enableacoarsecalibra- | N | N | N |[NC| NC Off | Noise Figure
Test Set YIG tion of the Noise Figure Test Set YIG
Filter Coarse Test Set Filter
Calibration | 641 | U | Selectsthe upper N |N | N |Nc| Nc | og | Calibration
frequency of the Noise
Figure Test Set
IF Attenuation | 70.0 I0 Auto N | N|N |On| On On IF Attenuation
Selection 7201 | I |o0db Y | N | N |off| off | off | Selection
70.2 12 5db Y | N | N |Off] Off Off
70.3 13 10db Y | N | N |Off| Off Off
70.4 14 15db Y | N | N |Off{ Off Off
70.5 15 20db Y | NN |Off| Off Off
70.6 16 25db Y | N | N |Off| Off Off
70.7 17 30db Y |N (N |Off| Off Off
70.8 18 35db Y | N | N |Off{f Off Off
Display IF 71.0 SI Display IF Attenuators N | N | N |Of Off Off | IF Attenuation
Attenuator Selection
Settings
IF Attenuator | 72.0 IH IF Attenuvatorsareheld | Y | N | N |Off| Off Off | IF Attenuation
Hold in the configuration that Selection
exists when Special Fune-
tion 72.0 is activated
Voltmeter 80.0 vC Noise Source Off N1lY | Y [Offf Off Off | Refer to Section
Mode 810 | VH | NoiseSourceOn N | Y|y o] o | o | VL Service
Recorder Test | 82.0 A7 Enable Recorder Test N IN | N |Off| Off Off | Referto Section
Functions 821 | XV | X-AxisTest N | N | N |NC VIIL, Service!
822 | YV | Y-AxisTest N|{N|NI|NC| 0

N =No; Y = Yes; NC =No Change; — = Not Applicable

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

1Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Operation
Table 3-14. Special Function Summary (13 of 15)
o E 2e s
= r S =2 =2 =0
$3\35|E2 82| =8 | E=
Special Function Program Sc|EEZE|EE| S8 | £
Code Description 22382258 3% | £8 Reterances and
Name | Code* |(EERE) 5|22 |8E|5s| 28 | 33 | (Commens
Keyboard Test | 90.0 | KY | Display Key Codes N | N | N |Of| On Off | Refer to Section
90.1 | Kl | KeyTest—Row1 N |N | N |off| on | of | VL Service!
90.2 K2 Key Test—Row 2 N|N|NI|Off On Off
903 | K3 | KeyTest—Row3 N | N |N{Off| On Off
90.4 K4 | KeyTest—Row 4 N | N|N|[Of] On Off
905 | K5 | KeyTest—Row5 N |N|N|Of| On Off
90.6 K6 | KeyTest—Row 6 N|N|N|Of] On Off
90.7 K7 | Key Test—Row 7 N !N |N |Off{ On Off
90.8 K8 | Key Test—Row 8 N|NI!N|Of| On Off
Display Test 91.0 | DT | EnableDisplay Test N |N | N |Off] Off Off | Referto Section
VIII, Service!
0 MHz Hold 92.0 uo | Off NI{N|N|{On|l On On | Referto Section
921 | U1l |On v |~ |v |og| o | og | VL Service!
RAM 93.0 Al Sets the address for N |N|N |NC| Cal Cal | Referto Section
Inspection/ modification or inspec- Data | Data | VIII, Service!
Modification tion and enables auto-
or ROM increment mode
Iaspection 931 | AD | Setstheaddress for N |N|N|NC| Cal | Cal
yhvies modification or inspec- Data | Data
tion and disables auto-
increment mode
93.2 | MB | Selects modification or N |N | N |Of| Off Off
inspection of a byte in
RAM or inspection of a
byte in ROM
93.3 | MW | Selects modification or N | N |{N Off| Off Off
inspection of a word in
RAM or inspection of a
word in ROM
93.4 | MF | Selects modification or N | N | N |Off| Off Off
inspection of a floating
point value in RAM or
inspection of a floating
point value in ROM

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

N = No; Y = Yes; NC = No Change; — = Not Applicable

1Gection VIIL, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Table 3-14. Special Function Summary (14 of 15)
= s S 2| g
S cSln BB EE| 52
. . s|EC I =8l = -2
Special Function Program o 2_2_ =8[28|=E| 3 S| =E References and
Code DBescription EE ESlcs|828 25| €2
N SE(SE2EE|82 22| & Comments
Name Gode m Ol |h=S|0S omas oo | o
Noise Figure 94.1 —_ Disable hysteresis cali- N |N|N|Off| Off Off | Refer to Section
Meter YIG bration when frequency VIII, Service!
Filter Tuning is changed
Functions 94.2 1 EH | Enable hysteresis cali- N|N[{N|On! On On
bration when frequency
is changed
94.3 —_ YIGDACisnotupdated | N | N | N [Off | Off Off
when frequency is
changed
944 | UY | YIGDACisupdated N | N[N |On| On On
when frequency is
changed
Default ENR 956 | ND | Setsall ENR values to N | N |N|Of| Off Off | Refer to Section
15.20 dB and Noise VIIL, Service'
Source ID No. to 00000
User Con- 96.0 — Disables .LO commands N]Y | NINC| NC On | System Interface
trolled LO on the System Interface Bus Control
Functions Bus (SIB).
96.1 _ Enables L.O commands N | Y [N |[NC| NC Off | System Interface
on the SIB. Bus Control
96.2 —_— User Controlled LOSIB | N | Y [ N [NC| NC 20 HP-IB and SIB
Address Addresses
96.3 — User Controlled LO NJ]Y | N I[NC| NC 0 Measurement
Program; O=same used Modes 1.6-1.9
by system LO; Comments
1=custom LO program section
Debug 97.1 Y9 Enables debug N |{N | N NC| Off Off | Refer to Section
Oscilloscope oscilloscope plots VIII, Service'
Flots 972 | Y8 | Disabledebug N|N|N|NC| On | On
oscilloscope plots
Noise Figure 97.3 | DA | Disable auto-sweep N{Y (Y Off{ Off Off | Refer to Section
Test Set abort, error E102. VIII, Service'
Functions 974 | — | ResetNoiseFigureTest | N | N | N {Off| Off | Off | Refertothe
Set YIG Filter Heater. HP 8971B
Service Manual
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N =No; Y =Yes; NC = No Change; — = Not Applicable

!Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Operation
Tahle 3-14. Special Function Summary (15 of 15)
~_ |E.ITE|s
= XAk =2 = =
£585|58|88 =3 | E=
Special Function Program RE|EE|BE|TE| 88 | LB
- S| e2led S5 == | §5 References and
Code Descriptian £8|28(2=|83| g SO Comments
Name Code” |QEEE) SZ|ZE|S5|88| £5 | @S
Hewlett- 98.1 — Enable HP-IB and SIB N | N | N |Off}] Off Off | Refer to Section
Packard test VII1, Service!?
Interface Bus
and System
Interface Bus
Test
Noise Figure 98.2 —_ Enable RAM test. N | N | N |Off{ Off Off | Refer to Section
Meter RAM VIII, Service!
Test
Noise Figure 98.7 — Enable Noise Figure Test | N | N | N [ Off | Off Off | Refer to Section
Test Set Self Set Self Test VTII, Service!
Test
Last Error 99.1 | ER | Recalllast errorissued N | N | N |Offf Off Off | Refer to Section
VIII, Service!
Noise Figure 99.7 — Display Noise Figure N | N | N |Off| Off Off | Refer to Section
Test Set Test Set Firmware VIII, Service!
Firmware Datecode
Datecode
Noise Figure | 99.9 | SD | Display Noise Figure N | N | N JOff| Off Off | Refer to Section
Meter Meter Firmware VIII, Service!
Firmware Datecode
Datecode

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

N = Ng; Y = Yes; NC = No Change; — = Nat Applicable

1Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Spot ENR, Thot, Tcold and ENR Table Selection

Description

Procedure

3-254

(Special Functions 5 and 6)
Special Functions 5 and 6 perform the following functions:

a. Special Function 5.0 enables use of the ENR (Excess Noise Ratio) data that was
previously entered (refer to the ENR Table Entry Detailed Operating Instruction). This
function disables spot ENR. (Spot ENR can be re-enabled using Special Function 5.1).

b. Special Function 5.1 enables use of the previously entered spot ENR value (refer
to Special Function 5.3). The ENR table is disabled and the single spot ENR value will

be used at all frequencies. (The ENR table can be re-enabled using Special Function
5.0).

c. Special Function 5.2 enables the current value of ENR being used by the instru-
ment to be displayed.

d. Special Function 5.3 enables entry and use of a spot ENR value. The allowable
values for spot ENR range from —7 to +17 dB.

e. Special Function 5.4 enables entry and use of Th.. Some noise sources are speci-
fied in terms of Th. instead of ENR. The allowable values for Th. (in Kelvins) range
from 0 to 14824. The equation to convert The (in Kelvins) to ENR is:

ENR = 10 log (Thet/290 —1)

f. Special Function 5.5 enables display and entry of the noise source identifier. Up to
five digits, within the range of 0 to 60000 can be used to identify the noise source. For

example, the serial number of the noise source for which the ENR table data was
entered can be used.

g. Special Function 5.6 enables display of the noise source catalog. The noise source
catalog special function allows the user to examine each of the ENR tables; the user is
able to see how many entries are in each table.

h. Special Function 5.7 allows display and entry of the ENR table that will be used
for calibration. Tables 0 through 4 can be selected for a calibration. Special Function

5.7 1s useful in Measurement Modes 1.3, 1.4, 1.8 and 1.9, where two noise sources may
be required.

i. Special Function 5.8 allows display and entry of the ENR table that will be used
for a measurement. Tables 0 through 4 can be selected for the measurement.

j. Special Function 6.0 enables entry of a value for Teo. Thot and Teqa are used for

hot/cold manual measurements. The allowable values for Teas (in Kelvins) range from
0 to 9999,

To enable use of the ENR table data or spot ENR data, or to display the current ENR or

noise source catalog, key in the corresponding Special Function code and then press
the SPECIAL FUNCTION key.

To display and enable entry of spot ENR, Thot, Teaid, the noise source identifier, the ENR
table number for calibration or the ENR table number for a measurement, key in the
corresponding Special Function code and then press the SPECIAL FUNCTION key.
Next, enter the appropriate value using the DATA keys and press ENTER.
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Operation

Spot ENR, Thot, Tcold and ENR Table Selection (cont'd)

Procedure
(cont’d)

Example

Program
Codes

) HP-1B 4

Indications

(Special Functions 5 and 6)

= z s | TEl 8
S |tg Bx | E2|=E=|E8
g2 |8 |82 | S2| 28| 5
Special Function Prgam | 25 | =T |23 | SE | ES | S E
we |25 |F5|25 33|55 iS5
Description ke | ENE) |S535 SE |88 | &3 | &3
Use ENR Table Data| 5.0 | S0or5.058P N Y Y On On On
UseSpotENRData | 51 |[Slor518SP| Y Y Y Off Off Off
Display Current 52 |SEor5258P| N N N Off Off Off
ENRin dB
Enter and Use Spot 53 |[NEor53SP| N Y Y NC [15.2dBl15.2dB
ENR
Enter and Use Thot 54 |{THor54SP| N Y Y NC [9893K |9833K
Enter Noise Source 55 |SNor55SP| N Y N NC NC NC
Identifier
Noise Source Catalog} 5.6 |NSor56SP[ N N N NC NC NC
ENR Table for 57 |ECor5.7SP{ N Y Y NC 0 0
Calibration
ENR Table for 58 (EMor5.8SP| N Y Y NC 0 0
Measurement
Enter Teas 60 |TCor6.0SP| N Y Y NC 1(296.5K {296.5K
1T'able categories are explained in the Special Functions Detailed Operating Instruction.

To enter and use a value of 9800K for Ti.: (assuming Special Function 11.0 is active).

LOCAL - Co0C mmmum, Function - Data - Function
{keystrokes)
I (o ®EEM)
L HP-1B 2 THYS00EN
{program codes) Code— Da]ta " Function

For HP-IB codes for Special Functions 5 and 6, refer to Procedure above. The program
code for ENTER is EN.

When Special Function 5.2 or 5.3 is active, the current ENR or spot ENR is shown in the
left display in units of dB. If a new spot ENR value is entered, it appears in the left
display for as long as the ENTER key is depressed.

When Special Function 5.4 or 6.0 is active, Tho: 0r Teaais shown in theleft display in the
temperature unit selected by Special Function 11. If a new value is entered for either
Thot or Teord, it appears in the left display for as long as the ENTER key is depressed.
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Spot ENR, Thot, Tcold and ENR Table Selection (conta)

Indications
(cont'd)

Related
Sections

3-256

(Special Functions 5§ and 6)

When Special Function 5.5 is active, the left display shows five digits. No units are
displayed. )

- When Special Function 5.6 is active, the left display shows the ENR identification

number of one of the ENR tables. The right display shows the ENR table number and
the number of entries in the table.

When Special Function 5.7 or 5.8 is active, the left display shows the number of the table
that is currently being used for calibration or measurement. If a new table number is

entered for calibration or measurement, it appears in the left display for as long as the
ENTER key is depressed.

ENR Table Entry

Manual Measurement Functions
Special Functions

Temperature Units Selection
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Description

Procedure

Example

Program
Codes

| HP-IE 4

Indications

Comments

Related
Sections

Operation

Store and Recall

Up to ten instrument configurations can be stored in the Noise Figure Meter’s storage
registers. Front panel settings that are stored and recalled are FREQUENCY, FREQ
INCR, START FREQ, STOP FREQ, and STEP SIZE. Table 3-14, Special Function
Summary, in the Special Functions Detailed Operating Instruction has a complete
listing of special functions that can and cannot be stored and recalled.

Press STORE and a Data key (a single digit 0-9 to identify the storage register).
Press RECALL and a Data key (a single digit 0-9 to identify the storage register).

To recall an instrument configuration that has been stored in register 2:

LOCAL Function ' Data
(keystrokes) @
L HP-16 2 RC2
(program codes) Code — T T pata
Program Gode
ey L io-15 3
STORE ST
RECALL RC

When the stored contents of a register are recalled, the instrument configuration
changes to the recalled parameter values.

If any key other than a digit is pressed after STORE or RECALL, the store or recall
entry will be rejected.

The data in the storage registers is not affected by PRESET or Special Function 0.0.
When the Noise Figure Meter is turned off, data stored in the registers is retained.
Preset Conditions and Power-Up Sequence

Sequence
Special Functions
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Sweep

The Noise Figure Meter (Noise Figure Measurement System) can sweep the measure-
ment frequency from START FREQ to STOP FREQ. The frequency changesin discrete

steps (as set by STEP SIZE) rather than in a continuous analog manner.

The allowable sweep range depends on the measurement mode selected.

Measurement -
Mode Range of Sweep Conditions
10 to 1600 MHz

1.0 2047 MHz, opt 020

1.1 1 to 99999 MHz Depends on the frequency range of the system LO
and the noise source.

1.2 >10to <1600 MHz | System LO must be set up so that variable IF

2047 MHz, opt 020 | sweeps 10 to 1600 MHz (2047 MHz, opt 020)

1.3 11099999 MHz | Depends on the frequency range of the system LO
and the noise source.

1.4 10 to 1600 MHz IF port response of mixer is being measured. Left

2047 MHz, opt 020 | display shows IF.

1.5 10 to 26500 MHz

1.6 1 to 99999 MHz Depends on frequency range of user controlled local
oscillator and the noise source.

1.7 10 to 26500 MHz | User controlled local oscillator must be set up so
that variable IF sweeps 10 to 26500 MHz

18 1 to 99999 MHz Depends on frequency range of user controlled local
oscillator and the noise source.

1.9 10 to 26500 MHz | IF port response of mixer is being measured. Left
display shows IF.

Depending on the Measurement Mode selected, the START FREQ, STOP FREQ and
STEP SIZE default to different values. The following table lists the default frequencies

for the Measurement Modes.

Measurement Modes sg;gg ggg ssTé:
1.0and 1.4 10 MHz 1600 MHz 20 MHz

11,12and 1.3 8000 MHz 12000 MHz 200 MHz
1.5and 1.9 10 MHz 26500 MHz 250 MH2

1.6,1.7and 1.8 45000 MHz | 50000 MHz 500 MHz




HP 8970B

Description
{cont’d)

Procedure

Operation

Sweep (cont'd)

As shown in the table, the Measurement Modes have been placed into four groups.
When the start, stop and step size frequencies are changed for one measurement
mode, the start, stop and step size frequencies are changed for all the measurement
modes of the group. When selecting a new Measurement Mode, the Noise Figure Meter

automatically saves the start, stop and step size frequencies from the previous meas-
urement mode.

The minimum step size is 1 MHz. The maximum number of frequency points allow-
able in one sweep is

STOP FREQ — START FREQ 41
STEP SIZE
1 ional
f the fractional part of STOP FREQ — START FREQ 11
STEP SIZE

does not equal 0, then add 1.

However, the maximum number of frequency points that should be used when the
sweep is displayed on an oscilloscope is 251. If more points are swept, multiple
readings could occur at some points. Other limitations may be caused by the system

LO.

Two sweep modes are available: Auto and Single. Each mode uses the sweep para-
meters that were previously set. Auto mode executes a repetitive sweep, restarting at
the end of each sweep. Single mode executes one sweep only. At the end of a single
sweep, the instrument remains tuned to the stop frequency.

Sweep Range Selection. The START FREQ and STOP FREQ keys set the starting

and stopping points of the frequency sweep. STEP SIZE sets the frequency increment.

Sweep parameters are selected in a Function - Data - ENTER format. Note that all
frequency inputs from the front panel are in MHz.

Sweep Mode Selection. Press the desired mode key (AUTO or SINGLE) to initiate a
sweep. To turn a sweep off, press the active sweep mode key a second time.

T = B 5

EE Ez == T E

s = &E g5 EE

Program Code =8 o 8 =e = E

Front Panel Key e 35 == 2T a

S = s 0 & o

4 | == SE L& £3

AUTO W1 N N Off Off

SINGLE w2 N N Off Off
START FREQ FA Y Y 10MHz | 10 MHz
STEP SIZE SS Y Y 20MHz | 20MHz

STOP FREQ FB Y Y 1600 MHz (1600 MHz
1Table categories are explained in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
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Program
Codes

D

Indications

Comments
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Sweep (contd)
To sweep from 100 MHz to 400 MHz in 50 MHz steps once only:
Functiqn ” Data - Function
LIl (o]
LOCAL ()] ()
keystrokes
leystrokes) (&) (s])(e)
SINBLE
FA100MZFB400MZSS50M2W2
Codes — l | I T
m Data —————]_ Ei?:gtion
(program codes) Function Data
Code Code
Data : Funt_:tion
Program Code
Parameter
Hz HZ
MH= MZ
Sweep Off Wwo

For additional HP-IB program codes, refer to Procedure above.

When the START FREQ or STOP FREQ key is pressed, the left display shows the
currently programmed start or stop frequency. The instrument tunes to that frequency
and continues measuring there. As a new start or stop frequency is entered, it appears
in the left display. When the STEP SIZE key is pressed, the left display shows the step
size only for as long as the key is held down. A newly entered value is displayed for as
long as the ENTER key is held down.

When the AUTO or SINGLE key is pressed, the LED within the corresponding key
lights to indicate that the instrument is in the sweep mode.

If the stop frequency is less than the start frequency, the instrument sweeps downward.
The sweep is slower when it operates in this manner. However, calibration and plotting
to an X/Y recorder must be performed in ascending frequency order only.

Pressing the AUTO key starts a sweep at the current frequency if the current frequency
is not outside the start-stop range. If the current frequency is outside the start-stop
range, the auto sweep starts at the programmed start frequency. To assure that an auto
sweep starts at the programmed start frequency, press START FREQ, then AUTO.
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Comments
{cont'd)

Related
Sections

Operation

Sweep (cont'd)

AUTO and SINGLE are toggle keys, and they stop the sweep when pressed a second
time. However, program codes W1 and W2 do not toggle over the HP-IB. Use program
code WO to stop a sweep over the HP-IB.

Any front panel key except LOCAL, DECREASE, INCREASE, SPECIAL FUNC-
TION, NOISE FIGURE, and NOISE FIGURE AND GAIN stop the sweep when
pressed.

All HP-IB codes except DE (DECREASE Smoothing), IN(INCREASE Smoothing), M1
(UNCORRECTED NOISE FIGURE), M2 (CORRECTED NOISE FIGURE and GAIN)
and PT (Pass Through Mode) stop the sweep when given.

START FREQ, STOP FREQ, and STEP SIZE set the calibration parameters. During
calibration, the maximum number of frequency points allowed in a sweep is 181.

If the last step of a sweep causes the frequency to exceed the programmed stop fre-

guency, the Noise Figure Meter tunes a partial step to reach the programmed stop
frequency.

HP-IB code W2 (single sweep) should be the last code given before a single sweep 1s
triggered.

Calibrate
Measurement Modes 1.0 through 1.9
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System Interface Bus Control
(Special Functions 45 through 49 and 96)

The Noise Figure Meter has two IEEE 488.1 connectors, the Hewlett-Packard Inter-
face Bus (HP-IB) and System Interface Bus (SIB). The System Interface Bus is
actually an HP-IB port that the Noise Figure Meter uses to control such instruments
as the system local oscillator, the user controlled local oscillator, a plotter and the Noise
Figure Test Set. Allinstruments that the Noise Figure Meter can control are connected
to the SIB connector. The external computer, used to control the Noise Figure Meter, is
connected to the HP-IB connector. Also, connected to the HP-IB connector are any
other instruments that the external computer needs to control, such as, the user

controlled local oscillator, if it is not being controlled by the Noise Figure Meter, or other
HP-IB devices.

When an instrument is connected to the SIB, a special function is used to enable or disable
the Noise Figure Meter from sending that instruments commands, on the SIB. Special
Functions 45 through 47 and 96 are used to control the HP 8971B/C Noise Figure Test Set

(Special Function 45), system local oscillator (Special Function 46), plotter (Special Function
47), or the user controlled local oscillstor (Special Function 96).

The Noise Figure Meter has the capability of sharing control responsibilities with
another instrument on the System Interface Bus. Special Function 49 deals with
passing control between controllers on the System Interface Bus and control of the

System Interface Bus. The Noise Figure Meter can be configured to the following
Special Function 49 conditions:

® Special Function 49.0; do not pass control automatically.

s Special Function 49.1; pass control automatically.

® Special Function 49.2; release control of the SIB.

e Special Function 49.3; take control of the SIB.

® Special Function 49.4; perform a serial poll on the SIB.

® Special Function 49.5; perform a selective device clear of the pass through device.

¢ Special Function 49.6; perform a device clear on the SIB, if the Noise Figure Meter is
the active controller.

® Special Function 49.7; perform an interface clear on the SIB, if the Noise Figure
Meter is the system controller.

The structure of the System Interface Bus requires that one and ONLY one instrument
be the system controller on the SIB. As calied outin the IEEE 488.1 specification, “The
system controller is defined as the device that controls the REN and IFC lines on an
IEEE 488.1 interface.” Special Function 48 conveys to the Noise Figure Meter if it will
be the system controller (Special Function 48.0) or if the Noise Figure Meter will not be
the system controller (Special Function 48.1).

Finally, the Noise Figure Meter has the capability of allowing an external computer, on
the Hewlett-Packard Interface Bus, to gain control of an instrument on the System
Interface Bus. The mode used is called Pass Through Mode. Pass Through Mode is
described in the Example section of this instruction.

The following descriptions will give a better understanding of Special Functions 45
through 49 and 96:°

a. Special Function 45.0 enables the commands for the Noise Figure Test Set to be
sent on the SIB in Measurement Modes 1.5 through 1.9.
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System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

b. Special Function 45.1 enables the commands for the Noise Figure Test Set to be
sent on the SIB in Measurement Modes 1.0 through 1.9. When Special Function 45.1 is
active, the Noise Figure Test Set is set to bypass mode (SSB1) in Measurement Modes
1.0 through 1.4. This means that the measurement signal is passed straight through
the Noise Figure Test Set, with only a 3 dB loss.

c. Special Function 45.2 disables the commands for the Noise Figure Test Set.

d. Special Function 46.0 enables the commands for the System Local Oscillator to be
sent on the SIB in Measurement Modes 1.1 through 1.9.

e. Special Function 46.1 disables the commands for the System Local Oscillator in
Measurement Modes 1.1 through 1.9.

f. Special Function 47.0 conveys to the Noise Figure Meter that the plotter is on the
System Interface Bus. The use of Special Function 47.0is described in the Data Output
to Oscilloscopes, Recorders and Plotters Detailed Operating Instruction.

g. Special Function 47.1 conveys to the Noise Figure Meter that the plot data is to be
read on the Hewlett-Packard Interface Bus (HP-IB). The use of Special Function 47.11s

described in the Data Output to Oscilloscopes, Recorders and Plotters Detailed Operat-
ing Instruction.

h. Special Function 48.0 enables the Noise Figure Meter to be the system controller
on the System Interface Bus. Error forty-eight (E48) is generated if another controller

has been enabled as controller on the System Interface Bus and Special Function 48 is
active.

i. Special Function 48.1 conveys to the Noise Figure Meter that it is not the system
controller on the System Interface Bus. This special function is useful if another
controller is to share the System Interface Bus with the Noise Figure Meter.

j. Special Function 48.2 disables error forty-eight (E48). Error forty-eight occurs
when the Noise Figure Meter has been told that it will be the controller on the System
Interface Bus (Special Function 48.0) and the Noise Figure Meter detects another
controller on the System Interface Bus. If this special function is to be used, ensure that
the error condition does not exist. Check cabling carefully.

k. Special Function 49.0 disables auto-pass control. For instruments with auto-pass

control capabilities, control is not automatically passed between the Noise Figure
Meter and another controller.

1. Special Function 49.1 enables auto-pass control. For instruments with auto-pass
control capabilities, control is automatically passed between the Noise Figure Meter
and another controller. Control is passed automatically only if the pass control address
(Special Function 40.5) has been set up previously.

m. Special Function 49.2 tells the Noise Figure Meter to release active control of the
System Interface Bus. This special function is useful if control of the System Interface

Bus is to be shared. Special Function 49.2 should be used before another controller is
told to take control.

n. Special Function 49.3 tells the Noise Figure Meter to take active control of the
System Interface Bus. Special Function 49.3 is only useful if there are more than two
controllers on the System Interface Bus and control of the System Interface Bus is to
shared. This special function should be used after all other controllers have been told to
release control of the System Interface Bus.
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System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

0. Special Function 49.4 tells the Noise Figure Meter to do a serial poll on the System
Interface Bus. The request is usually given by an external computer over the Hewlett-
Packard Interface Bus, using the HP-IB code SB. For a serial poll program example,
refer to the Comments section, at the end of this instruction.

p. Special Function 49.5 performs a selective device clear of the “pass through

device” on the System Interface Bus. This task will be done beforethe next HP-IB read
of the Noise Figure Meter can be done.

q. Special Function 49.6 performs a device clear on the System Interface Bus, if the
Noise Figure Meter is the active controller, This task will be done before the next HP-I1B
read of the Noise Figure Meter can be done.

r. Special Function 49.7 performs an interface clear on the System Interface Bus, if
the Noise Figure Meter is the system controller. All instruments on the System Inter-
face Bus are unaddressed to listen or talk. This task will be done before the next HP-1B
read of the Noise Figure Meter can be done.

s. Special Function 96.0 disables the commands for the User Controlled Local Oscil-
lator from being sent on the SIB in Measurement Modes 1.6 through 1.9.

t. Special Function 96.1 enables the commands for the User Controlled Loocal Oscil-
lator to be sent on the SIB in Measurement Modes 1.6 through 1.9.

u. Special Function 96.3is used to let the Noise Figure Meter know which predefined
program (Special Function 41) will be controlling the User Controlled Loocal Oscillator.
Once Special Function 96.3 is active, a zerois entered if the System Local Oscillator and
the User Controlled Local Oscillator will be controlled by the same predefined program.

A oneis entered if the User Controlled Local Oscillator will be controlled by the custom
local oscillator program.

To select one of the System Interface Bus Control special functions, key in the corre-
sponding Special Function code and then press the SPECIAL FUNCTION key.

1
= | .E £, =ZE| 5
£5/85 E=|EE 3| Ef
Special Function Progam | 28 | S| 2| 52| S8 | 5E
Code =8 @ | P SO a5 | =0
=5 ([ S2| EEB| 8| 22| Ba
Description Code m o US| Os | woe | o8| ®wo
Enable Noise Figure 45.0 TE N Y N NC NC On
Test Setin
Measurement Modes 1.5
through 1.9
Enable Noise Figure 45.1 TS N Y N NC NC Off
Test Set in all
Measurement Modes
Disable Noise Figure 452 TD N Y N NC NC Off
Test Set in all
Measurement Modes

Table categories are explained in the Special Functions Detailed Operating Instruction.
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System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)
= £ £, 28| &
HEHEE LI I
Special Function Prgram | 2 & | 2w | 22 | 52| S22 | = 8
Code |EE ES| S |E2| 85| 82
Description Code {INTP| - = ZE | SE | @c | €5 | »c
Enable System Local 46.0 LE N Y N NC NC On
Oscillator on the System
Interface Bus
Disable System Local 46.1 LD N Y N NC NC Off
Oscillator on the System
Interface Bus
Plotter is on the System | 47.0 P1 N Y NC NC On
Inerface Bus
Enable plot data to be 47.1 PM Y NC NC Off
on the Hewlett-Packard
Interface Bus
Enable Noise Figure 480 SC N Y N “NC NC On
Meter to be the system
controller on the System
Interface Bus
Disable Noise Figure 48.1 NC N Y N NC NC Off
Meter as the system
controller on the System
Interface Bus
Disable error 48 (E48) 482 DC N N N NC Off Off
Disable auto-pass 49.0 DpP N Y N NC NC On
control
Enable auto-pass control | 49.1 EP N Y N NC NC Off
Noise Figure Meter 49.2 CR N N N Off Off Off
releases active control of
the System Interface
Bus
Noise Figure Meter 49.3 CT N N N Off Off Off
takes active control of
the System Interface
Bus
Noise Figure Meter 494 SB N N N Off Off Off
performs a serial poll on
the System Interface
Bus
Perform a seletive de- 49.5 DD N N N Off Off Off
vice clear of the pass
through device on the
System Interface Bus

Pable categories are explained in the Special Functions Detailed Operating Instruction.
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System Interface Bus Control (conrd)
(Special Functions 45 through 49 and 96)

Procedure
(cont'd) ’

Special Function Program
Code

Description Code @

Perform a device clear 496 DS
on the System Interface
Bus, if the Noise Figure
Meter is the active
controller

Perform an interface 49.7 IS N N N Off Off Off
clear on the System
Interface Bus, if the
Noise Figure Meter is
the system controller

Lights Special!
Funstion Key
Stored in Con-
tinusus Memory
Can be Stored
and Recalled
Spesial Function
0.0 Conditions
Preset (and HP-1B
Clear} Conditions
Special Function

0.9 Conditions

2
Z
2
Q
=R
O
=S
Q
=

Disable the User 96.0 — N Y N NC NC On
Controlled 1.O on the
System Interface Bus

Enable the User 96.1 — N Y N NC NC Off
Controlled 1O on the
System Interface Bus

Informs the Noise 96.3 — N Y N NC NC 0
Figure Meter which pre-
defined program will
control the User
Controlled Local Oscil-
lator; 0=same as the
System Local Oscillator;
1=custom local oscil-
lator program

1

'Table categories are explained in the Special Functions Detailed Operating Instruction.

Example To select the Noise Figure Meter as the controller on the System Interface Bus:

LOCAL prvemvemwes (006 ewam— FFuncﬂon_.-\

aysroke) BDEOE (o).
D

(program codes)

SC
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System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

The following examples will illustrate how the Noise Figure Meter can share control of
the System Interface Bus (SIB) with another instrument on the SIB and how the Noise
Figure Meter can be configured to pass commands from a computer on the Hewlett-
Packard Interface Bus (HP-IB) to an instrument on the SIB.

Pass Through Mode

Pass Through Mode will allow commands to be “passed through” the Noise Figure
Meter from an external computer, on the Hewlett-Packard Interface Bus (HP-IB), toan
instrument on the System Interface Bus (SIB). The instrument on the SIB can be a
listener or a talker. An SRQ (Service Request) on the SIB can trigger an SRQ on the

HP-1B. Special Function 49.4 can be used to do a serial poll of an instrument on the SIB.
Parallel poll will not be supported.

NOTE
When in Pass Through Mode the rate at which data is sent or received is
slowed down. Typically data is sent at a rate of 0.5 ms/byte and received
atarateof 1.6 ms/byte. This is five and eight times, respectively, slower
than if the instrument were connected directly to the external computer.

Pass Through Mode is set up as follows:

a. When the external computer wants to communicate with an instrument on the
SIB, it sends the command PTdEN; d is the address of the instrument, on the SIB, that
the computer wants to communicate with. The Noise Figure Meter will also accept the

command PTd (carriage return; line feed) to be compatible with the HP 8757A Scalar
Network Analyzer.

NOTE
The command PTdEN does not have to be senteach time a command is
senttotheinstrument on the SIB. The instrument on the SIB needs only
to be specified once.

b. The external computer can now send commands to the instrument on the SIB.
After Pass Through Mode is set up using PTdEN, the Noise Figure Meter has two
addresses, it’s address and the pass through address. The pass through addressis one
greater than the Noise Figure Meter’s address if the Noise Figure Meter’s address is
even and one less than the Noise Figure Meter’s address if the Noise Figure Meter’s
address is odd. So, if the address of the Noise Figure Meter is eight (8) then the pass
through address would be nine (9). If the address of the Noise Figure Meter is seven (7)
then the pass through address would be six (6).

NOTE
The pass through address can be displayed by pressing 40.7 SPECIAL
FUNCTION.

In Pass Through Mode two addresses are used up on the Hewlett-
Packard Interface Bus (HP-IB). Ensure that an address is not used twice.

c. The external computer can send commands to a device on the SIB by using the
Noise Figure Meter’s pass through address. Commands can be sent to the Noise Figure
Meter by using the Noise Figure Meter’s HP-IB address.
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System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

For example, if the external computer wanted to control the local oscillator on the SIB

(at address 19) and the Noise Figure Meter’s addressis eight (8), the external computer
may send the following commands:

OUTPUT 708; “PT19EN" This sets up the pass through
Idevice address.

QUTPUT 709; “FR10000MZ” IThis command is sent to the
Ipass through address and then
Ito the local oscillator.

To get out of Pass Through Mode, simply, address the Noise Figure Meter or press the
LOCAL key. Once the Noise Figure Meter is addressed, it is out of Pass Through Mode
until the next time an output is done to the pass through address.

NOTE
Error 46 (E46) is generated if the instrument on the SIB is not found or
the address of the instrument is incorrect.

If the Noise Figure Meter is addressed, all the instruments on the SIB
are re-initialized to the state they were in before Pass Through Mode
was enabled. To avoid the instruments from being re-initialized, Special
Function 45.2 (disable Noise Figure Test Set), Special Function 46.1
(disable system local oscillator) and Special Function 96.0 (disable user
controlled local oscillator) can be used before Pass Through Mode is
enabled (PTdEN). When finished with Pass Through Mode, the appro-
priate special functions for the Noise Figure Test Set, system local oscil-
lator and user controlled local oscillator should be enabled.

Passing Control On The System Interface Bus

The Noise Figure Meter has the capability of passing control to another instrument on
the System Interface Bus. An external computer, on the Hewleit-Packard Interface
Bus, determines which instrument will have control.

Instrument Configuration. The following minimum requirements are necessary for the
Noise Figure Meter to be able to pass control on the System Interface Bus:

NOTE
The following steps must be done in the order given.

a. Setthe Noise Figure Meter’s System Interface Bus address using Special Function
40.4. The default address of the System Interface Bus is eight (8).

b. Setthe addressof the Noise Figure Meter using Special Function 40.0. The default
address of the Noise Figure Meter is eight (8).

c. Decide if the Noise Figure Meter or the other instrument will be the system
controller. If the other instrument can be enabled or disabled as system controller,
either instrument can initially be system controller. If the other instrument can only be
enabled as system controller, the other instrument will initially have to be the system
controller and Special Function 48.1 (Noise Figure Meter is not the system controller on
the System Interface Bus.) will have to be active.
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System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

NOTE
Error forty-eight (E48) is generated if the Noise Figure Meter detects
another controller on the System Interface Bus and the Noise Figure
Meter has been told it would be the controller.

d. Special Function 48.0 will enable the Noise Figure Meter as system controller.
Special Function 48.1 will disable the Noise Figure Meter as system controller. Use the
appropriate commands to enable or disable the other controller.

NOTE
The Noise Figure Meter is set up to be the system controller when

shipped from the factory, after memory (RAM) loss or when Special
Function 0.9 is used.

e. Connect the Noise Figure Meter, external computer and the second instrument
controller to the Hewlett-Packard Interface Bus (HP-IB).

f. Connectthe Noise Figure Meter, second instrument controller, the local oscillator,
plotter and any other instruments to be controlled to the System Interface Bus (SIB).

Computer Control. The following discussion will describe how the computer will pass
control between the Noise Figure Meter and the other controller.

If the Noise Figure Meter has control of the System Interface Bus and the other
controlier needs to have control, the computer will send 49.2SP or the HP-IB code CR.
This will convey to the Noise Figure Meter to release control of the System Interface

Bus. The other controller will be told to take control, using the appropriate code for that
instrument.

The other controller will now have control of the System Interface Bus and the Noise
Figure Meter will display the message “Ctrl OFF.”

When the Noise Figure Meter needs to be controller, the computer must tell the other
controller to release control, using the appropriate code for that instrument. The Noise
Figure Meter is then told to take control, using 49.3SP or the HP-IB code CT. Once the
Noise Figure Meter is the controller, it will no longer display the message “Ctrl OFF.”

For HP-IB codes, refer to the Procedure above.

As a special function code is entered it appears in the left display. The code remains
there until the SPECIAL FUNCTION key is pressed.

When the Noise Figure Meteris not the System Intexface Bus controller, “Ctrl” appears
in the INSERTION GAIN display and “OFF” appears in the NOISE FIGURE display.

When the Noise Figure Meter is in Pass Through Mode, “PASS” appears in the
INSERTION GAIN display and “thru” appears in the NOISE FIGURE display.

When the Noise Figure Meter is doing a plot, “Plot” appears in the INSERTION GAIN
display.
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System Interface Bus Control (conrd)
(Special Functions 45 through 49 and 96)
The following program example shows how an external controller would request that .
the Noise Figure Meter perform a serial poll of a device on the System Interface Bus
(SIB):
NOTE
The following example assumes that the address of the Noise Figure
Meter is 708 and the address of the device on the SIB, to be polled, is 19.
This program was written in BASIC language 3.0 using the HP 9000
Series 200 Model 236 computer.
10 Spoll: 1Serial poll of device on the Noise Figure
IMeter System Interface Bus.
20 Addr=19 'Address of device on SIB to be polied.
30 QUTPUT 708;“SB”;Addr;“EN" ITell Noise Figure Meter
lto poll device on SIB.
40 OUTPUT 708;“H1" '0utput frequency, insertion
Ygain and noise figure windows.
50 OQUTPUT 708;"SB” IShow serial poll return value.
60 Error=0 IClear subroutine error code.
70 Wait_poll: Wait for the serial poli to finish.
80 ENTER 708;V,W2,W3 IGet Noise Figure Meter frequency window.
90 !The value returned will be 2000 plus 19 untit the
100 !poll is compieted or it is aborted due to an error,
110 Isuch as, the device is not present or is off.
120 !
130 IF V>2000 THEN GOTO Wait_poll IWait for the serial poll to be complete.
140 !
150 1At this point, the poll is complete or is in error.
160 'We find out which is the case in the next statement,
170 f the value is 1000 plus 19, there has been an error,
180 !the device was not found or it was off. If the device
190 twas present and the seriai poll worked, the value will
200 'be 0 through 255, for the serial poll value.
210 !
220 IF V=1000 THEN YAn error has occurred
230 Error=i lIndicate error te program
240 ENDIF
250 !
260 'The subroutine will return V=serial poll value
270 land Error=0, if the serial poll is valid, or Error <> @,
280 lif the serial poll failed.
290 !
300 IF Error <> 0 THEN
310  PRINT “SERIAL POLL FAILED”
320 ELSE
330  PRINT “SERIAL POLL VALUE="V
340 ENDIF
350 END

Measurement Modes 1.0 through 1.9
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Temperature Units Selection
(Special Function 11)

Temperature units are used when loss temperature, Tho, or Tcoa data is entered into the
instrument. The instrument can accept temperature data entries in three different
measurement units: Kelvins (K), Fahrenheit (°F), or Celsius (°C).

To select a temperature unit, key in the corresponding Special Function code and then
press the SPECIAL FUNCTION key.

|

= LB S 25| .

55|58 | Ez|EE |28 |¢E¢
Special Function Program G| EE | w8 | L8| &3 | £
we | 25| EE| 22|55 8533

Description ke | () |SZ2|5E| 85|23 | &8 | 83

K 11.0 | DOor11.0SP N Y Y On On On

°C 11.1 | Dlor11.18P N Y Y Off Off Off

°F 11.2 | D2or11.28P N Y Off Off Off

1Table categories are explained in the Special Functions Detailed Operating Instruction.

It is not necessary to select temperature units each time temperature data is entered.
Once a temperature unit has been selected, all temperature data are entered and
displayed in the same unit until that unit is changed (either by Special Function 0.9,
PRESET, Special Function 0.0, or by another temperature unit selection).

After a temperature unit has been selected, one of the special functions listed below
must be active before temperature data can be entered.

Special Range of Values
Descriplion Function
Code K °C °F
Enter and Use Tha 54 0 to 14824 —273.2 to 14551 | —459.7 to 26224
Enter Teaa 6.0 0 to 9999 —-273.2 t0 9725.9 | —459.7 to 17539
Enter Temperature 34.3 0 to 9999 —273.2 t0 9725.9 | —459.7 to 17539
of Losses

Next, key in a value for temperature (within the specified range) and press the ENTER
key. Up to five digits are allowed for temperature entries. If a minus sign is used, only

four digits are allowed. The maximum resolution is to three places to the right of the
decimal point.
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Temperature Units Selection (contd)
(Special Function 11)

Example To enter a value of 75 °F for Teou:
-~ Code -~ Function o 1313 m— Function
LOCAL JJGI=) @iﬁﬁ‘é‘%‘km
(keystrokes)
I (e O
Y HP-IB § D2T C75EN
Code ——J T T "L — Function
(program codes) Code Data
Program For HP-IB codes, refer to Procedure above.
Codes
Indications When temperature data has been entered correctly, the selected unit appears in the left
display.
Comments The equations used to convert from one temperature unit to another are:
K=°C+ 27315
°F = (9/5)°C + 32
Related ENR Table Entry
Sections Loss Compensation

Special Functions
Spot ENR, Thet, Teas and ENR Table Selection
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Trigger Selection
(Special Function 30)

Special Function 30.0 selects free run triggering for continuous measurements.

Special Function 30.1 selects trigger hold to prevent continuous measurements. When
trigger hold is active, the frequency and results of the last measurement are held and
displayed. No additional measurements are made and the displayed data can be read
over the HP-IB as many times as required. Trigger hold is useful when the measure-
ment setup must be reconfigured before making the next measurement.

Special Function 30.2 triggers one measurement and then returns to the previously
selected trigger mode. Normally, this trigger execute command is used in conjunction
with the trigger hold mode. Once the measurement is complete, the results are dis-
played and are available via the HP-IB. The measurement results are also output to
an oscilloscope or recorder if one is connected to the rear panel X, Y and Z connectors.
If a smoothing factor other than one has been selected, the Noise Figure Meter makes
the number of measurements required by the selected smoothing factor before the
smoothed measurement is displayed or available via the HP-IB.

To select a specific triggering mode, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

- e 02w =
.| cElv.  Be| =S| 22
g2 |0 | 52| 52| 28| 52
Special Function Program G | EE|ZE | S8 | =28 <%
we 25| EE 22| FS | F5(3ES
Description Cle | P |SE|5E|SE| &3S | &5 | &3
Free Run 30.0 | TOor30.0SP N N N n 0 On
Hold 30.1 | T1or30.18P N N N Off Off Off
Execute 30.2 | T2or 30.25P N N Off Off Off
1Table categories are explained in the Special Functions Detailed Operating Instruction.

To select trigger hold and then execute a single measurement and return to trigger
hold:

P Code ~ Function
II.I:]EA:. " ) OO) E]iﬂi%’#a..
eystrokes
EEE) [o)mm,

L HP-iB 4

(program codes)

T1T2
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Trigger Selection (contd)
(Special Function 30)

For HP-IB codes, refer to Procedure.

When Special Funetion 30.0 is active, the front panel displays update continuously.
When Special Function 30.1 is active, the front panel displays do not change. When
Special Function 30.2 is active, the Noise Figure Meter makes one measurement and
then returns to the last selected trigger mode.

When performing a triggered calibration, only the HP-IB mnemonic code T2 can be
used. The Noise Figure Meter does not respond to the alternate 30.2SP code.

Calibrate

Measurement Modes 1.0 through 1.9
Smoothing

Special Functions
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Performance Tests

SECTION IV
'PERFORMANCE TESTS

4-1. INTRODUCTION

The procedures in this section test the HP 8970B’s
electrical performance using the specifications of
Table 1-1 as the performance standards. All tests
can be performed without access to the interior of
the instrument.

These tests, in conjunction with the performance tests
of the HP 8971B/C Noise Figure Test Set, System
Local Oscillator and Noise Source, verify the

performance of the Noise Figure Measurement System,

NOTES
Unless otherwise noted, no warm-
up period is required for the tests.

Line voltage must be within +5%
and —10% of nominal, if the perfor-
mance tests are to be considered
valid.

4-2. EQUIPMENT REQUIRED

Equipment required for the performance tests is listed
in Table 1-11, Recommended Test Equipment in
Section I,

in Section . Any equipment that satisfies the crit-
ical specifications given in the table may be sub-
stituted for the recommended model(s).

4-3. TEST RECORD

Results of the performance tests may be tabulated
on the Test Record at the end of the procedures.
The Test Record lists all of the tested specifica-
tions and their acceptable limits. The results,
recorded at incoming inspection, can be used for
comparison in periodic maintenance and trouble-
shooting and after repairs or adjustments.

System performance is guaranteed if each instru-
ment in the system is calibrated.

4-4, CALIBRATION CYCLE

This instrument requires periodic verification of
performance. Depending on the use and environ-
mental conditions, the instrument should be
checked using the following performance tests at
least once every year.

The instruments that are part of the Noise Figure
Measurement System should be calibrated once a year.
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PERFORMANCE TESTS

4-5. TUNING ACCURACY PERFORMANCE TEST

Specification

Description

Equipment:

Procedure

TUNING ACCURACY: (from 10° to 40°C) (1 MHz + 1% of frequency), +6 MHz

maximum.

The Noise Figure Meter is tuned to the frequency where accuracy is to be tested. The
point of maximum IF signal level is found by stepping the signal source through the
passband while monitoring the level at the internal noise power detector. A power
reference is set, and the 3-dB passband frequencies are determined. The tuned center
frequency of the Noise Figure Meter is then found as the average of the 3-dB frequen-
cies. This tuned frequency is compared to limits derived from the specifications above.

Signal Generator ........................ HP 8340B

1. Connect the signal generator RF output to the Noise Figure Meter INPUT.

2. Turn on the equipment and allow it to warm up for one half hour. Set the signal
generator output level to —30 dBm.

3. On the Noise Figure Meter, key in 31.2 SPECIAL FUNCTION to execute a fre-
quency calibration, then key in 31.1 SPECIAL FUNCTION to inhibit any further

frequency calibrations. Key in 10.2 SPECIAL FUNCTION to set the display units
to read Y-Factor in dB.

4. Tune both the Noise Figure Meter and the signal generator to 10 MHz (20 MHz, opt 020).

5. On the Noise Figure Meter, key in 80.0 SPECIAL FUNCTION to display the noise
power detector output in volts. Key in 62.0 SPECIAL FUNCTION to hold the RF
attenuators. Key in 72.0 SPECIAL FUNCTION to hold the IF attenuators.

6. Tunethesignal generator up and down in 100 kHz steps until the maximum voltage
display on the Noise Figure Meter is located. The 3-dB point should be within
approximately 4 MHz of center frequency.

7. On the Noise Figure Meter, key in 14.1 SPECIAL FUNCTION to activate the
manual measurement mode and make a cold measurement. Key in 14.2 SPECIAL
FUNCTION to exit the cold measurement mode (and store that value) and to make
hot measurements. Finally, key in 15.1 SPECIAL FUNCTION to set the Noise

Figure Meter to actively display the ratio of hot to cold values. The NOISE
FIGURE display should now indicate 0.00 dB.

8. Tune the signal generator up and down to find the 3-dB frequencies to within 100
kHz. Find the center frequency by summing the 3-dB frequencies and dividing by
two. The center frequency should be within the limits in the table in step 9.
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PERFORMANCE TESTS
. INPUT SWR PERFORMANCE TEST (cont’d)

5. Connect the test port of the SWR bridge to the Noise Figure Meter INPUT. Slowly
tune the Signal Generator in 10 MHz steps down in frequency to 10 MHz. While
tuning, note each frequency at which the power meter peaks at less than the value
given in the following table, below the 0 dB reference set in step 4. For example, if
the power meter display showed -11.0 dB at a frequency between 10 MHz and 1600
MHz for a standard product, then the frequency should be noted. However, a reading
of -13 dB indicates a return loss well within specification.

NOISE FIGURE METER FREQUENCY RANGE POWER METER PEAK
Standard Product 10 MHz to 1600 MHz <125dB
Option 020, serial prefix 10 MHz 10 1600 MHz <11.5dB
3811 and above 1600 MHz to 2047 MHz <104 dB
Option 020, serial prefixes 10 MHz to 1600 MHz <125dB
below 3811 1600 MHz to 2047 MHz <10.4 dB

6. For each frequency noted in step 5, tune the Signal Generator and the Noise Figure
Meter to that frequency. Disconnect the SWR bridge from the Noise Figure Meter
INPUT, and set a power meter reference. Reconnect the SWR bridge to the Noise
Figure Meter INPUT and check the power meter reading against the following table.

. INPUT SWR PERFORMANCE TEST Min, Actual Max
+20 dB Input Gain Setting
Frequency
MHz -11.73 dB* (10.88 dB, opt 020)
< 1600 MHz
MHz -9.63 dB < 2047 MHz (opt 020)
+10 dB Input Gain Setting
Frequency
MHz - -11.73 dB* (10.88 dB, opt 020)
< 1600 MHz
MHz -9.63 dB < 2047 MHz (opt 020)
0 dB Input Gain Setting
Frequency
MHz . -11.73 dB* (10.88 dB, opt 020)
< 1600 MHz
MHz -9.63 dB < 2047 MHz (opt 020)

* _11.73 dB applies to option 020 below serial prefix 3811.

7. On the Noise Figure Meter, key in 60.2 SPECIAL FUNCTION to set the input gain
to +10 dB. Repeat steps 4 through 6.

8. Key in 60.3 SPECIAL FUNCTION to set the input gain to 0dB and repeat steps 4

. through 6.
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PERFORMANCE TESTS

4-7. NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST

Specification NOISE FIGURE MEASUREMENT CHARACTERISTICS Range: 0.0 to 30 dB.
Instrumentation Uncertainty: £0.1 dB for a noise source in a 0 to 55°C in a 300K
environment with a noise source ENR of 14 to 16 dB.

Description Level ratios of —0.1 dB,—1dB, —5dB, ~10 dB, —15 dB, and —20 dB are generated. The
levels are measured on the power meter, and linear power ratios are computed. The
levels are simultaneously measured on the Noise Figure Meter, and linear voltage
ratios are computed. The voltage ratios are squared and then subtracted from the linear
power ratios to compute the Y-Factor error. This error is compared to accuracy limits
derived from the 0.1 dB noise figure accuracy specification. (A 15 dB ENR value is
assumed.) The reading at —20 dB and the reading at —5 dB are used to compute a
second 15 dB ratio. This ratio is also checked for accuracy.

NOTES
This test is difficult to perform. Passing the test requires minimum drift
in both the measurement equipment and the Noise Figure Meter. The
more rapidly the test is performed, the more closely the test results will
indicate the actual performance of the instrument. If the instrument
fails by a narrow margin, performing the test more quickly will proba-
bly allow the instrument to pass.

Since the Noise Figure Meter is highly sensitive to RF signals at its
input, spurious transmissions or noise can adversely affect performance
test results. Use short well shielded cables and a minimum of adapters
when performing this test. A screen room might be required.

Equipment Attenuator,6dB ......................... HP 8491A Opt. 006

Attenuator,1dBStep. ................... HP 8494A Opt. 001

Caleulator ............cooviiiiiinna... HP 41CV

Digital Voltmeter ............c.ocoivuven.. HP 3456 A

Filter, Low-Pass .............cccovvinnn.. HP 360B or RLC F-10-1500

PowerMeter .......ccoovvviiiiviinnnnnn.. HP 436A

Power Sensor ...............cviiiiinn.., HP 8484A/HP 8481D

Power Splitter ................. ... ... ... HP 11667A

Signal Generator ........................ HP 8340B

Procedure 1. Connectequipment as shown in Figure 4-2, except do not connect the power sensor

to the step attenuator.

2. Turn on all equipment and allow it to warm up for one hour.
Set the signal generator for a 50 MHz continuous wave output at —17 dBm.

4. On the Noise Figure Meter, set FREQUENCY to 50 MHz. Key in 80.0 SPECIAL
FUNCTION to display the noise power detector output in volts (voltmeter mode).
Key in 31.1 SPECIAL FUNCTION to inhibit frequency calibrations. Key in 60.5
SPECIAL FUNCTION to set the input gain to —20 dB. Key in 70.6 SPECIAL
FUNCTION to set the IF attenuation to ~25 dB. Set the smoothing factor to 4 using
the INCREASE and DECREASE keys.

5.

Zero the power meter and set the 1 dB step attenuator to 10 dB. Connect the power
sensor to the 1 dB step attenuator as shown in Figure 4-2.
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PERFORMANCE TESTS

NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST (cont'd)

Procedure
(cont’d) SIGNAL GENERATOR
POWER METER
RECORDER
QUTPUT
RF OUTPUT
i} HBSTR e |7
LOW-PASS — SENSOR
FILTER

——STEP § °

P
4]
HP 88788 e
NOISE FIGURE METER POWER
ia BR| SPLITTER DIGITAL VOLTMETER

6 dB
ATTENUATOR

—

Figure 4-2. Noise Figure Instrumentation Accuracy Test Setup

6. Peakthe Noise Figure Meter display reading by tuning the signal generator up and
down in frequency in 10 kHz increments.

7. Increase the signal generator power in 0.1 dB steps until the combined INSER-
TION GAIN and NOISE FIGURE displays on the Noise Figure Meter indicate as
close as possible to 1.00000 volts. The signal generator power should be near ~14.7
dBm. Note this power level as indicated on the signal generator.

dBm

8. Set the step attenuator for a power meter reading as close as possible to 1.000 eW.

9. Set the digital voltmeter to read dc volts on the high resolution setting. Using the
manual trigger control, trigger several readings then stop on a typical reading.
Note this reading using full resolution.

Vdc
10. Note the voltmeter mode reading on the Noise Figure Meter also using full
resolution.
Vde
11. Decrease the signal generator power by 0.1 dB.

12. Using the same technique as in step 9, take a voltmeter reading.
- Vdc

13. Note the new voltmeter mode reading on the Noise Figure Meter.
‘ ___ Vde

14. Decrease the signal generator output power to 1 dB below that set in step 7.

4-7
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PERFORMANCE TESTS

NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST (cont'd)

Procedure 15. Using the same technique as in step 9, take a voltmeter reading.
(cont’d) — Vde
16. Note the new voltmeter mode reading on the Noise Figure Meter.
Vde
17. Decrease the signal generator output power to 5 dB below that set in step 7.
18. Using the same technique as in step 9, take a voltmeter reading.
Vde
‘ 19. Note the new voltmeter mode reading on the Noise Figure Meter.
Vde

20. Decrease the signal generator output power to 10 dB below that set in step 7.

21. Using the same technique as in step 9, take a voltmeter reading. (Note that the
power meter may change ranges for this reading. If it does, the voltmeter reading
taken must be decreased by a factor of 10.)

Vde

22. Note the new voltmeter mode reading on the Noise Figure Meter.
Vdec

23. Decrease the signal generator output power to 15 dB below that set in step 7.

24. Using the same technique as in step 9, take a voltmeter reading. (Remember to
decrease this reading by a factor of 10.)

Vde

25. Note the new voltmeter mode reading on the Noise Figure Meter.
Vdc

26. Decrease the signal generator output power to 20 dB below that set in step 7.

27. Using the same technique as in step 9, take a voltmeter reading. (Note that the

power meter may change ranges again. If so this voltmeter reading must be
decreased by a factor of 100.)

Vde

28. Note the new voltmeter mode reading on the Noise Figure Meter.
Vde
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Performance Tests

NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST (cont'd)

Procedure 29. Fillin the table below using the readings from the appropriate steps above. For the
(cont'd) column on the far right, square the readings in the previous column.
Voltmeter Noise Figure Meter Readings
Readings
{Vde) Vde (Vdcj?
Step 9 Step 10
 Step 12 Step 13
Step 15 Step 16
Step 18 Step 19
Step 21 Step 22
Step 24 Step 25
Step 27 Step 28

30. Fill in the table below by computing the indicated ratios (Y-Factors). The ratios of
the second set of columns should be computed from the squared voltages from the
previous table. Subtract the ratios of the second set of columns from those of the
first set to yield the net error (difference). The result should be within the indicated

limits.
Ratios Difference
(Y-Factors) Min. Actual Max
(Step 9) (Step 10)?
(Step 12) ! (Step13¥ | ___ —0.00053 | —— | +0.00054
(Step 9) (Step 10)?
(Step 15) ] (Step16? | —000580 | | +0.00603
(Step 9) (Step 10)
(Step 18) | (Step19? | _____ —004922 | | +40.05037
(Step 9) (Step 10)?
(Step 21) - (Step22> | . —0.20487 - +0.20964
(Step 9) (Step 10)?
(Step 24) | (Step25y — —0.69706 - +0.71330
(Step 18) (Step 19)?
(Step 27) — | (Step28? | — | 069706 | . | +0.71330

49
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PERFORMANCE TESTS

4-8. GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST

Specification

Description

Equipment

GAIN MEASUREMENT CHARACTERISTICS Range: —20 to > +40 dB. Instru-
mentation Uncertainty: +£0.15 dB.

The Noise Figure Meter uses internal IF attenuator values for measuring gain. Prior to

performing the Gain Measurement Uncertainty Performance Test, the IF attenuators
are calibrated to ensure valid gain measurements.

For the IF attenuator calibration the IF attenuators are measured by taking a reference
power reading, switching in an attenuator and then taking another power measure-
ment. The relative power change is equal to the IF attenuator value. The power change

is calculated using a voltmeter to measure the change in voltage from the Recorder
Output of the power meter.

The attenuator values are computed as the ratio of measured voltages (linear units)
rather than in decibels (logarithmic units). The linear value of the 15 dB attenuator is
calculated by multiplying the linear value for the 10 dB attenuator and the linear value
for the 5 dB power change observed when the attenuators change from 10 to 15 dB. The
25 dB attenuator is calculated in the same way, using the 20 dB instead of the 10 dB
attenuator value. The calibrated IF attenuator values are recorded in Table 4-1 and
entered into the Noise Figure Meter.

For the Gain Measurement Uncertainty Performance Test, net gain is generated by
removing attenuation from a high gain setup. The net gain is alternately measured
first by a power meter and then by the Noise Figure Meter. The two measurements
should compare to within 0.15 dB.

NOTES
This test is difficult to perform. Passing the test requires minimum drift
in both the measurement equipment and the Noise Figure Meter. The
more rapidly the test is performed, the more closely the test results will
indicate the actual performance of the instrument. If the instrument
fails by a narrow margin, performing the test more quickly will proba-
bly allow the instrument to pass.

Since the Noise Figure Meter is highly sensitive to RF signals at its
input, spurious transmissions or noise can adversly affect performance
test results. Use short well shielded cables and a minimum of adapters
when performing this test.

Attenuator, 10 dB (2 required) ............ HP 8491A Opt. 010

Attenuator,20dB ........ ... .. ..., HP 8491A Opt. 020
Attenuator,1dBStep .................... HP 8494A Opt. 001
Attenuator, 10dBStep ................... HP 8495A Opt. 001
Filter, Low-Pass. ..............coiiiian. HP 360B or RLC F-10-1500
NoiseSource .........covviiiiiinnnnn.. HP 346B Opt. 001
Power Meter ..............ciiniiiininnnes HP 436A

Power Sensor .......ocoveiiiriinaenn.n. HP 8484A/HP 8481D
Power Splitter ................. ... ..... HP 11667A
Wideband AmplifierI .................... HP 8447D Opt. 010
Wideband Amplifier IT ................... HP 8447F Opt. 010
Digital Voltmeter ........................ HP 3456A

4-10




HP 8970B

Performance Tests

PERFORMANCE TESTS

. GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure

2.
3.

4.

IF Attenuator Calibration
1.

Connect the noise source to the Noise Figure Meter’s NOISE SOURCE DRIVE
OUTPUT.

Turn on all equipment and allow it to warm up for a half hour.
Zero and calibrate the power meter and sensor.

Set the 10 dB step attenuator to 70 dB and connect the equipment as shown in
Figure 4-3.

DIGITAL VOLTMETER POWER METER

RECORDER
OUTPUT

SENSOR
= QUTPUT 18 dB POWER
o EEI 1F ATTENUATOR SENSCR
coorggmae, oS e - I
ety LR
SOURCE INPUT —_—
WIDE BAND -
WIDE BAND AMPLIFIER II L;QFL-FégS 1 4B STEP
NOISE AMPLIFIER 1 Y > ATTENUATOR
SOURGE % = 3

Figure 4-3. IF Attenuator Calibration Setup

On the Noise Figure Meter press
70.1 SPECIAL FUNCTION to set the IF attenuators to 0 dB
60.1 SPECIAL FUNCTION to set the RF attenuators to +20 dB.

Put the power meter in range 3. Do not allow the power meter to autorange. (For the

HP 436A Power Meter, adjust the 10 dB and the 1 dB step attenuators until the
power meter reads —45 dBm. Press RANGE HOLD to set the power meter to
RANGE 3.)

Adjust the step attenuators for a voltmeter reading as close to 1 volt as possible. On
the voltmeter, select single triggering. If the voltmeter has filtering, turn it on. Take
10 voltmeter readings. Using at least four digits to the right of the decimal point,
calculate the average of the readings.

(On the HP 3456 A Digital Voltmeter, press FILTER on to enable the analog filter, 10
STORE 6 to store 10 readings per trigger, SINGLE to select the single trigger mode,
MATH 2 to turn on the statistical math mode and SINGLE to trigger 10 voltmeter
readings. When the voltmeter has finished taking the 10readings, press RECALL0
to recall the average of the readings.)

4-11
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure Record the average of the voltmeter readings. This is the reference voltage for the
(cont'd) 5 dB and 10 dB attenuator calculations.
Vrefl
NOTE

When using the HP 3456 A Digital Voltmeter’s statistical math mode to
calculate an average, be sure to clear the math register before triggering

the set of readings to be averaged. Press MATH 0 to clear the register
and then MATH 2 to enable math mode.

8. On the Noise Figure Meter press 70.2 SPECIAL FUNCTION to switch in the inter-
nal 5 dB attenuator. Take 10 voltmeter readings. Using at least four digits to the
right of the decimal point, calculate the average of the voltmeter readings.

(On the HP 3456A Digital Voltmeter, press MATH 0 to clear the math registers by
turning math mode off, MATH 2 to enable the statistical math mode and SINGLE
to trigger 10 voltmeter readings. When the voltmeter has finished taking the 10
readings, press RECALL 0 to recall the average of the readings.)

Record the average of the voltmeter readings.
Vavg (5 dB)

NOTE
The limits for each attenuator are shown in linear units, that is, as the
ratio of measured voltages. If an attenuator is outside its limits, it may
be defective. Refer to Section VIII in the Service Manual for trouble-
shooting information.

9. Compute the 5 dB attenuator value as shown:
Vrefl/Vavg(6dB) = __________ (>2.661; <3.758 for 5 dB attenuator)

(For example, Vrefl = 0.986622 volts and Vavg (5 dB) = 0.312579 volts. 0.986622
volts/0.312579 volts = 3.15639. This value is within the stated limits.)

10. On the Noise Figure Meter press 70.3 SPECIAL FUNCTION to switch in the
internal 10 dB attenuator. Take 10 voltmeter readings. Using at least four digits to
the right of the decimal point, calculate and record the average of the readings.

Vavg (10 dB)
11. Compute the 10 dB attenuator value as shown:
Vrefl/Vavg (10dB) = _______ (>8.414; <11.885 for 10 dB attenuator)

12. On the voltmeter, select internal triggering. If the voltmeter has filtering, turn it
off. Reduce the 10 dB step attenuator by 10 dB, and adjust the 1 dB step attenuator
until the voltmeter reads as close to 1 volt as possible. Select single triggering on
the voltmeter. If the voltmeter has filtering, turn it on. Take 10 voltmeter readings.

4-12
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure
{cont'd)

13.

14.

15.

16.

17.

18.

19.

20.

21.

Using at least four digits to the right of the decimal point, calculate and record the
average of the readings. This is the reference voltage for the 15 dB and 20 dB
attenuator calculations.

Vref2

On the Noise Figure Meter press 70.4 SPECIAL FUNCTION to switch in the
internal 15 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of those readings.

Vavg (15 dB)

Compute the 15 dB attenuator value as shown:

(Result from step 11) * Vref2/Vavg 156dB) = . (>26.607; <37.584 for
15 dB attenuator)

On the Noise Figure Meter press 70.5 SPECIAL FUNCTION to switch in the
internal 20 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of the readings.

Vavg (20 dB)

Compute the 20 dB attenuator value as shown:

(Result from step 11) * Vref2/Vavg (20dB) = (>84.140; <118.850 for
20 dB attenuator)

On the voltmeter, select internal triggering. If the voltmeter has filtering, turn it
off. Reduce the 10 dB step attenuator by 10 dB and adjust the 1 dB step attenuator
until the voltmeter reads as close to 1 volt as possible. On the voltmeter, select
single triggering. If the voltmeter has filtering, turn it on. Take 10 voltmeter
readings. Using at least four digits to the right of the decimal point, calculate and
record the average of the readings. This is a reference voltage used in the 25 dB and
30 dB attenuator calculations.

Vref3

On the Noise Figure Meter press 70.6 SPECIAL FUNCTION to switch in the
internal 25 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of the readings.

Vavg (25 dB)
Compute the 25 dB attenuator value as shown:

(Result from step 16) * Vref3/Vavg (25dB) = (>266.07; <375.84 for
25 dB attenuator)

On the Noise Fi;gure Meter press 70.7 SPECIAL FUNCTION to switch in the
internal 30 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of the readings.

Vavg (80 dB)
Compute the 30 dB attenuator value as shown:

(Result from step 16) * Vref3/Vavg (30dB) = _ . (>841.4; <1188.5 for
30 dB attenuator)

4-13
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure 22. Onthevoltmeter, select internal triggering. If the voltmeter has filtering, turn it off.

(cont'd) Reducethe 10 dB step attenuator by 10 dB and adjust the 1 dB step attenuator until
the voltmeter reads as close to 1 volt as possible. On the voltmeter, select single
triggering. If the voltmeter has filtering, turn it on. Take 10 voltmeter readings.
Using at least four digits to the right of the decimal point, calculate and record the
average of the readings. This is the reference voltage for the 35 dB attenuator
calculation.

Vrefd

23. On the Noise Figure Meter press 70.8 SPECIAL FUNCTION to switch in the
internal 35 dB attenuator. Take 10 voltmeter readings, and then calculate the
average of those readings. Record the average.

Vavg (35 dB)

24. Compute the 35 dB attenuator value as shown:

(Result from step 21) * Vrefd/Vavg 35dB)=_____ __  (>2660.7; <3758.4 for
35 dB attenuator)

25. Enter the measured attenuator values in Table 4-1.

Tahbie 4-1. IF Attenuator Values

Date:
Nominal Value Measured Value
Log Units Linear Units Linear Units

5dB 3.162
10dB 10.000
15dB 31.623
20dB 100.000
25dB 316.23
30dB 1000.0
35dB 3162.3

Entering IF Attenuator Values
26. Enter the measured attenuator values recorded in Table 4-1 into the Noise Figure
Meter:

NOTE
It is not necessary to perform steps 26a through h if you only want to
read the IF attenuator values and record them in Table 4-1. .
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure
(cont'd)

a. Key in 93.1 SPECIAL FUNCTION. (This enables you to enter a RAM
address.) :

b. Keyin65452 and then press ENTER. (This is the RAM location where you will
find the address of the memory protection word. The memory protection word must
be modified before you can change the IF attenuator values stored in RAM.)

c. Key in 93.3 SPECIAL FUNCTION. (This displays the address of the
memory protection word.)

d. Record the address of the memory protection word, which is shown in
the left display of the Noise Figure Meter.

e. Keyin93.1 SPECIAL FUNCTION.

f. Key in the memory protection word address recorded in step d and then press
ENTER.

g. Keyin 93.3 SPECIAL FUNCTION.

h. Key in 20299 and then press ENTER. (The value 20299 disables the memory
protection and allows you to change the IF attenuator values. Turning the instru-
ment off and then on turns memory protection back on.)

i. Keyin 93.1 SPECIAL FUNCTION.

j. Keyin 65460 and then press ENTER. (This is the RAM location where you will
find the start address of the IF attenuator calibration table.)

k. Keyin93.3 SPECIAL FUNCTION. (This displays the start address of the IF
attenuator calibration table.)

1. Add1totheleastsignificant digit shown in theleft display of the Noise Figure

Meter and record the value. _ =77 (Address of the first attenuator data in
calibration table.)

m. Keyin93.0SPECIALFUNCTION. (This enables you to enter the RAM address
of the first attenuator data in the calibration table. It also automatically increments

the address after pressing ENTER so that you can step through the calibration
table.)

n. Enter the number from step 1 and press ENTER.

o. Keyin 93.4 SPECIAL FUNCTION. (This enables you to read and/or modify
the 5 dB attenuator value in RAM.)

p. The number shown in the left display is the 5 dB attenuator value (in linear
units). Key in the new 5 dB attenuator value and press ENTER. (To leave the

value shown in the left display unchanged, press ENTER without keying in a
new value.)

4-15



Performance Tests

HP 8970B

PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont’d)

Procedure
(cont'd)

r.

Repeat step q for each subsequent attenuator value until all values have been

q. Press93.4 SPECIALFUNCTION to view the next attenuator value. Enter the new
value and press ENTER.

entered.

S.

Press FREQUENCY to return to normal operation.

NOTE
Error code E26 (internal IF attenuators not calibrated) will occur after
EB80 (continuous memory failure). To clear E26, first enter the IF atten-
uator values by following the procedure in step 26. Then, perform the
following:

1. Keyin 93.0 SPECIAL FUNCTION.

2. Subtract 1 from the value recorded in step 261. Enter this value into the

Noise Figure Meter and then press ENTER.

3. Keyin93.2 SPECIAL FUNCTION. Then, key in 128 and press ENTER.

4. Press FREQUENCY to return to normal operation.

Gain Measurement Uncertainty Performance Test

27. On the Noise Figure Meter, press PRESET.

NOTE
This procedure relies critically upon the proper setup of the power meter-.
Ifreadings yield results that are out of specification, check that the cali-
bration adjustment and zero setting of the power meter are valid.
Always disconnect the power sensor from the test setup when zeroing.

28. Connect the equipment as shown in Figure 4-4.

POWER METER

SENSOR

STEP 28

POWER ' 28 aB 1
SENSOR § ATTENUATOR : 5
o m e = Py POMER
SPLITTER 18_dB STEP
STEP 42 ATTENUATOR
HP 83748 "t : et
NOISE FIGURE METER i@ dB 1 dB STEP
= = ATTENUATOR ATTENUATOR
©ogogonme o WIDE BAND WIDE B
coao BBEE " o= § 10 dB AMPLIFIER 1 AMPLIFIER II
SOURCE INPUT ATTENUATOR —
/ P,
NOISE =~
SOURCE
LOW-PASS
o} J l FILTER

Figure 4-4. Gain Measurement Uncertainty Test Setup
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GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure 29,

(cont’d)

30.

31.

32.

33.

34.

35.

36.

317.

38.

39.

40.
41.
42,

43.

44.

On the Noise Figure Meter, press the ENR key to access the working ENR table
with in the Noise Figure Meter. Using the DATA keys and the ENTER key, modify
the 10, 100, 1000 and 2000 MHz ENR entries to correspond to the noise source ENR
chart. Exit the ENR table entry mode by pressing the FREQUENCY key.

On the Noise Figure Meter, set START FREQ, STOPFREQ, and FREQUENCY all
to 1000 MHz.

Set the 10 dB step attenuator for 40 dB of attenuation. Set the 1 dB step attenuator for a
power level no greater than -48 dBm (-53 dBm, opt 020) as read on the power meter.

On the Noise Figure Meter, press INCREASE to set the smoothing factor to 8. Press
CALIBRATE twice.

When calibration is complete, key in 81.0 SPECIAL FUNCTION to turn on the
noise source and display the noise power detector output in volts (voltmeter mode).
Press STORE 1 to store this setting in the instrument memory.

Set a relative reference on the power meter. (Press dABREL key on HP 436).

Set the step attenuator for 30 dB of attenuation. Note the power meter reading.
(Power Meter ~10dB Gain) ___________dB
On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading.
(Noise Figure Meter =<10dBGain) ____ dB
On the Noise Figure Meter, press RECALL 1.

Set the step attenuator for 20 dB of attenuation. Note the power meter reading.
(Power Meter ~20dB Gain) ____________ dB
On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading.
(Noise Figure Meter ~20dB Gain) . dB
Insert a 20 dB attenuator into the setup at the input to the power sensor.
On the Noise Figure Meter, press RECALL 1.
Note the power meter reading. . (Power Meter Reference) .. . . dB
On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain Reading.
(Noise Figure Meter Reference) —dB

On the Noise Figure Meter, press RECALL 1.
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont’d)

Procedure

45. Set the step attenuator for 10 dB of attenuation. Note the power meter reading.
(cont'd)

(Power Meter ~30 dB Gain) ... .- dB

46. Onthe Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading.

(Noise Figure Meter =30 dB Gain) .. dB
47. On the Noise Figure Meter, press RECALL 1.

48. Set the step attenuator for 0 dB of attenuation. Note the power meter reading.
(Power Meter =40dBGain)_______ dB

49. Onthe Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading.

(Noise Figure Meter ~40dBGain) 4B

50. Subtract the reading of step 42 from that of step 38. This is the value of the 20 dB
attenuator as seen by the power meter.

(20 dB Attenuator) ______dB

51. Subtract the reading of step 43 from that of step 39. This is the Noise Figure Meter
reference correction factor.

(Noise Figure Meter Correction Factor) ______dB

52. Fill appropriate values into the following table, then subtract the values for the Noise
Figure Meter from the power meter readings above them to yield the net error. The
error should be within +0.15 dB.

_ Step 45 Step 48
Step 35 Step 38 + +
Power
Meter Step 50 Step 50
dB dB dB dB
. Step 46 Step 49
Noise Step 36 Step 39 + +
Figure Step 51 Step 51
Meter
dB dB dB dB
Error dB dB dB dB
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4-9. INSTRUMENT NOISE FIGURE PERFORMANCE TEST

Specification

Description

Equipment

Procedure

INSTRUMENT NOISE FIGURE: <7 dB + 0.003 dB (0.002 dB, opt 020) per MHz on the
most sensitive input range.

A noise source is connected to the Noise Figure Meter INPUT, and the instrument
measures its own noise figure in the UNCORRECTED mode.

Noise SoUrce .. covvieieiiiiiiiienaansnes HP 346B Opt. 001

1.

Connect the noise source between the SOURCE output and the INPUT of the Noise
Figure Meter. Turn on the Noise Figure Meter, then press PRESET. Set FREQ
INCR to 100 MHz.

Press the ENR key to access the working ENR table within the Noise Figure Meter. Using
the DATA keys and the ENTER key, modify the 10, 1000, 2000, and for opt 020,
3000 MHz ENR entries to correspond to the noise ENR chart. Exit the ENR table entry
mode by pressing the FREQUENCY key.

Use the INCREASE key to set the smoothing factor to 4. Select UNCORRECTED
NOISE FIGURE.

Note the NOISE FIGURE display reading at each frequency, while using the step
up key (up arrow) to tune the Noise Figure Meter through its tuning range. The

Noise Figure measurement results should be less than those shown in the table
below.

Noise Figure (dB) Noise Figure (dB
Fr??ll‘ll-lezl;cy Maximum Fr?a':iez';cy Maximum
Actual (Std) (Opt 020) Actual (Std) (Opt020)

10 - 7.03  7.02 1110 - 1033 9.22
110 —_— 733 722 1210 - 1063 9.42
210 - 763 742 1310 - 1093 9.62
310 —_ 793 7.62 1410 - 11.23 9.82
410 —_— 823 7.82 1510 - 11.53 10.02
510 - 8.53 8.02 1610 - 10.22
610 - 8.83 822 1710 —_— 10.42
710 - 9.13 842 1810 ——— 10.62
810 - 943  8.62 1910 - 10.82
910 — 973 8.82 | 2010 - 11.02

1010 - 1003 9.02
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Table 4-2. Performance Test Record (1 of 3)

Hewlett-Packard Company Tested by
Model HP 89708
Noise Figure Meter
Serial Number Date
Results
Para. Test
No. Min. Actual Max.
4-5 TUNING ACCURACY PERFORMANCE TEST
Tuned Frequency
10 MHz 8.9 MHz —— 11.1 MHz
100 MH=z 98 MHz — 102 MHz
300 MHz 296 MHz - 304 MHz
500 MHz 494 MHz —_— 506 MHz
1000 MHz 994 MHz - 1006 MHz
1300 MHz 1294 MHz - 1306 MHz
1600 MH= 1594 MHz _— 1606 MHz
4.6 INPUT SWR PERFORMANCE TEST
120 dB Input Gain Setting Frequency
MHz —_— —-11.73 dB
MHz e —11.73dB
MHz - —11.73 dB
+10 dB Input Gain Setting Frequency
MHz - —11.73 dB
MH:z —_— —11.73 dB
MHz - —11.73 dB
0 dB Input Gain Setting Frequency
MHz o —11.73 dB
MHz - —11.73 dB
MHz R —11.73 dB
4-7 NOISE FIGURE RANGE AND ACCURACY
PERFORMANCE TEST Difference
Step 9 Step 102 -
— 5 -0.00053 +0.00054
Step 12 Step 13
Step 9 Step 10° -
- 5 —0.00589 -+0.00603
Step 15 Step 16
Step 9 Step 10? -
— 3 —0.04922 +0.05037
Step 18 Step 19
Step 9 Step 102 -
- 5 —0.20487 +0.20964
Step 21 Step 22
Step 9 Step 102 -
— 5 —0.69706 +0.71330
Step 24 Step 25
Step 18 Step 197 —_—
- 5 —0.69706 +0.71330
Step 27 Step 28
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HP 8970B
Table 4-2. Performance Test Record (2 of 3)
Results
Para. Test
No. Min. Actual Max.
4-8 GAIN MEASUREMENT UNCERTAINTY
PERFORMANCE TEST
Power Meter Neise Figure
Reading Meter Reading
Step 35 Step 36
. dB - dB —0.15dB +0.15 dB
Step 38 Step 39
_____dB - dB —-0.15dB +0.15dB
Step 456 + Step 50 Step 46 + Step bl
— . daB - dB —0.15dB +0.15dB
Step 48 + Step 50 Step 49 + Step 51
. daB - dB —0.15dB +0.15dB
49 INSTRUMENT NOISE FIGURE PERFORMANGCE TEST
Frequency
10 MHz 7.03FdB
110 MHz 7.33 FdB
210 MHz 7.63 FdB
310 MHz 793 FdB
410 MHz 8.23 FdB
510 MHz 8.53 FdB
610 MHz 8.83 FdB
710 MHz 9.13FdB
810 MHz 9.43 FdB
910 MHz 9.73 FdB
1010 MHz 10.03 FdB
1110 MHz 10.33 FdB
1210 MHz 10.63 FdB
1310 MHz 10.93 ¥dB
1410 MHz 11.23 FdB
1510 MHz 11.53 FdB
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Performance Tests
Table 4-2. Performance Test Record (1 of 3]
Hewlett-Packard Company Tested by
. Model HP 8970B Option 020 -
Noise Figure Meter
Serial Number Date
Results
Para, Test
No. Min. Actual Max.
4.5 TUNING ACCURACY PERFORMANCE TEST
Tuned Frequency
20 MHz 18.8 MHz — 21.2 MHz
100 MHz 98MHz | @ — 102 MH=z
300 MHz 296 MHz —_— 304 MHz
500 MHz 494 MHz e 506 MHz
1000 MHz 994 MHz —_— 1006 MHz
1300 MHz 1294 MHz —_— 1306 MHz
1600 MHz 1594 MHz e 1606 MHz
1800 MHz 1794 MHz - 1806 MHz
2000 MHz 1994 MHz - 2006 MHz
2047 MHz 2041 MHz e 2053 MHz
4-6 INPUT SWR PERFORMANCE TEST
. +20 dB Input Gain Setting Frequency
MHz — -11.73 dB
<1600 MHz
MHz S -9.63 dB
+10 dB Input Gain Setting Frequency <2047 MHz
MH: — -11.73 dB
< 1600 MHz
- _MHz R -9.63 dB
0 dB Input Gain Setting Frequency <2047 MHz
MH:z S — -11.73dB
< 1600 MHz
MHz | -9.63 dB
1 <2047 MHz
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Table 4-2. Performance Test Record (2 of 3)
Results
Para. Test
No. Min. Actual Max.
4.7 NOISE FIGURE RANGE AND ACCURACY
PERFORMANCE TEST Difference
Step 9 Step 102
- 5 —0.00053 +0.00054
Step 12 Step 13
Step 9 Step 107
- 5 —0.00589 -+0.00603
Step 15 Step 16
Step 9 Step 102
- 5 —0.04922 +0.05037
Step 18 Step 19
Step 9 Step 102
- 5 —0.20487 +0.20964
Step 21 Step 22
Step 9 Step 10°
- 5 ~0.69706 +0.71330
Step 24 Step 25
Step 18 Step 19%
— 5 —0.69706 +0.71330
Step 27 Step 28
4-8 GAIN MEASUREMENT UNCERTAINTY
PERFORMANGE TEST
Power Meter Noise Figure
Reading Meter Reading
Step 35 Step 36
dB - dB —0.15 dB +0.15 dB
Step 38 Step 39
dB - dB —0.15dB +0.15dB
Step 45 + Step 50 Step 46 + Step 51
dB - dB —0.15dB +0.15dB
Step 48 + Step 50 Step 49 + Step 51
- dB —-0.15dB +0.15 dB

dB
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Table 4-2. Performance Test Record (3 of 3}

Performance Tests

Results
Para. Test
No. Min. Actual Max.
49 INSTRUMENT NOCISE FIGURE PERFORMANCE TEST
Frequency
10 MHz 7.02 FdB
110 MHz 7.22 FdB
210 MHz 7.42 FdB
310 MHz 7.62 FdB
410 MHz 7.82 FdB
510 MHz 8.02 FdB
610 MHz 8.22 FdB
710 MHz 8.42 FdB
810 MHz 8.62 FdB
910 MH:z 8.82 FdB
1010 MHz 19.02 FdB
1110 MHz .9.22 FdB
1210 MHz 9.42 FdB
1310 MHz 9.62 FdB
1410 MHz 9.82 FdB
1510 MHz 10.02 FdB -
1610 MHz 10.22 FdB
1710 MHz 10.42 FdB
1810 MHz 10.62 FdB
1910 MHz 10.82 FdB
2010 MHz 11.09 FdB
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HP 8971B/C
PERFORMANCE TESTS

4-12. INTRODUCTION

The procedures that follow test the electrical per-
formance of the Noise Figure Test Set using the ap-
propriate specifications of Section I as performance
standards. All tests can be performed without ac-
cess to the interior of the instrument.

4-13. Equipment Required

Equipment required for the performance tests is
listed before each of the tests.

4-14, Performance Test Record

Results of the performance tests may be recorded
in the Performance Test Record at the end of this
section. Results recorded at incoming inspection
can be used for comparison in periodic mainte-

nance and troubleshooting and after repairs or ad-
justments,

4-15, Calibration Cycle

The HP 8971B and the HP 8971C require periodic
verification of performance. Depending on the
use and environmental conditions, the instrument
should be checked using the performance tests at
least once a year.

4-16. Performance Test Procedures

Perform the tests in the order given and record the
data in the Performance Test Record and/or in the
data spaces provided within the text.

NOTE

All specifications of performance are certi-
fied only in the temperature range of +10
°Cto +40°C.

It is assumed that the person performing the
tests understands how to use the specified test
equipment. Equipment settings, other than those
for the instrument, are stated in general terms.
It is also assumed that the person performing the
tests will supply whatever cables, connectors, and
adapters which are necessary.
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PERFORMANCE TESTS

4-17. INPUT SWR PERFORMANCE TESTS .

NOTE
This SWR test applies to HP 8971Cs Standard or Option 001. For HP
8971Cs Option 002 and HP 8971Bs, you may test SSB 1 and 2 (up to
2.4 GHz) with this test, but you must use the test that follows this test

for 55B 3.
Specification —
SWR. Test Specification Range
HP 8971C
Std. and Opt. 001
2.25:1 10 MHz - 18 GHz
2.5:1 18 - 26.5 GHz
HP 8971C
Opt. 002
1.5:1 10 - 1600 MHz
2:1 1.6 - 2.4 GHz
HP 89718
1.5:1 10 - 1600 MHz
2:1 1.6 — 2.4 GHz
Description An input SWR test is performed for each of the three single sideband modes of
operation.
Equipment 10 dB Attenuator .......... HP 8493C opt 010
Signal Generator .......... HP 8340B/41B
Scalar Network Analyzer ... HP 8757A
Power Splitter ............. HP 11667B
Detector .................. HP 85025B
Directional Bridge ......... HP 85027B
SMA-male Coaxial Short/
Open ......cciivviininann. HP 8503760001
System ................... See the section on Programming the System LO.
Noise Source «.....ocvvuunn. HP 346B/C
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SCALAR
NETWORK ANALYZER

HP B8978B
NOISE FIGURE METER
i ] HP 8971B/C _NOISE
2] BR FIGBURE TEST SET
o oos O goao =
EEEE 2 L, EEDY [] o )
INPUT RF IF A R
L JOUT

COAXIAL
- {l
SYSTEM LOCAL SHORT /0OPEN
OSCILLATOR

PORT DIRECTIONAL
HP 8340B BRIDGE
SIGNAL GENERATOR
; DETECTOR
L | 5 J
POWER
SPLITTER
RF 10 dB
l ouT l ATTENUATOR
—
_ INTER-CONNECTIDN
Figure 4-6. SWR Test Setup
Procedure 1. Power up all equipment and allow to warm up for one hour.

2. Connect the system as shown in the preceeding figure. The interconnections
between the HP 8757A and the HP 8340B are as follows:

a. Connect the HP 8340B Pulse Modulation Input to the HP 8757A Modulation
Drive.

b. Connect the HP 8340B Sweep Output to the HP 8757A Sweep In 0-10V.
¢. Connect the HP 8340B Z-Axis Blank/MKRS to the HP 8757A Pos Z Blank.
d. Connect the HP 8340B Stop SWP In/Out to the HP 8757A Stop Sweep.

e. Connect 2 HPIB cable from the HPIB connector on the HP 8340B to the HP
8757A System Interface connector on the HP 8757A.

NOTE

Keep all connectors clean and keep the number of adaptors to a
minimum.

3. Preset the HP 8757A Scalar Network Analyzer. Turn Channel 2 OFF. Set the

SCALE to 10 dB/div. Set the measurement mode to A/R. Set the display for
MEAS —MEM.

4. On the HP 8340B(uwave test station) set the output power to —5 dBm. Set Pulse
Modulation to on. Set the Sweep Time to 100 ms. Set Sweep Mode to continuous.
Set the start frequency to 10 MHz and the stop frequency to 1600 MHz.
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10.

11.

12.
13.

14.
15.

16.

17.
18.

19.
20.
21.

22,

HP 8971B/C

NOTE
You will test the SWR in three ranges of operation. It is not necessary

to set the YIG filter for a SWR lest on the HP 8971C Standard or
Option 001.

. On the HP 8757A, press (CAL).

- A menu will appear. Press the

softkey. The HP 8757A menu will
prompt you to connect a short (see Figure 4-6). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

Hook the HP 8971C back up to the SWR bridge.

Set the average to

on the HP 8757A, and set to 32 for smoother trace.

On the HP 8970B, press (PRESET ).

To establish the HP 8970B as system controller:
a. Press: (4) (8] () (¢} (SPECIAL FUNCTION)

b. Press: (1) (o) (SPECIAL FUNCTION)

To control the system LO press: (4) @) () (z) (SPECIAL FUNCTION) (41.3 is for an HP
8673B. Use pullout #1 on the HP 8970B to find the correct special function for
another system LO.)

To control the HP 8971C (or HP 8971B): Press: (1) () (5) (SPECIAL FUNCTION)

If your HP 8971C is an option 001, set the power of the system LO to +1 dBm
using special function 42.5.

a. Press: (J () (SPECIAL FUNCTION)
b. Press:
On the HP 89708, press: @ @)

Set the HP 8757A for SWR format and measure by reading the
level. Press

marker

. Wait, then press again to record the worst case SWR:

Disconnect the directional bridge from the 8971C and set the HP 8340B to a start
frequency of 1600 MHz and a stop frequency of 2400 MHz.

On the HP 8757A, press (CAL).

A menu will appear. Press the | oftkey. The HP 8757A menu will

prompt you to connect a short (see Figure 4-6). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

Hook the HP 8971C back up to the SWR bridge.
On the HP 8970B, press: ©© )

Set the average to

Press the key and measure the worst case SWR by reading th
marker level. Record the worst case SWR:
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NOTE
If you have an HP 8971C option 002 or an HP 8971B, do not continue
this test. Move on to the next SWR test to measure SSB 3.

93. Disconnect the directional bridge from the 8971C and set the HP 8340B to a start
frequency of 2400 MHz and a stop frequency of 26500 MHz.

24. On the HP 8757A, press (CAL).

25. A menu will appear. Press th softkey. The HP 8757A menu will

prompt you to connect a short (see Figure 4-6). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

26. Hook the HP 8971C back up to the SWR bridge.
27. Set the average to

28. Press the key and measure by reading the
worst case SWR:

arker level. Record the

NOTE
If the recorded worst case SWR meets the specifications of the 2.4 to
18GHz spec, this test is complete. If it does not meet the 2.4 to 18GHz
spec but meets the 18 to 26.5GHz spec, then the worse case SWR below
18GHz must be found using the dial to determine if it meets spec.
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Table 4.3. HP 89718/ SWR Test Results

Noted Frequencies | Test Result |Std and Option 001| Option 002 HP 89718

10 MHz to 1600

MHz

Worst Case —_— 2.25:1 _ 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1

1.6 GHzt024

GHz

Worst Case - 2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1

2.4 GHz to 18

GHz

Worst Case —_— 2.25:1 NA NA
2.25:1 NA NA
2.25:1 NA NA
2.25:1 NA NA

18 GHz t0 26.5

GHz

Worst Case —_ 2.5:1 NA NA
2.5:1 NA NA
2.5:1 NA NA
2.5:1 NA NA
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. 4-18. INPUT SWR PERFORMANCE TESTS

Specification

Description

Equipment

NOTE
This SWR test applies to HP 8971C Models with Option 002, and to HP
8971B models. It covers only frequencies in SSB 8, 2400 to 18000 MHz
in the HP 8971B, and 2400 to 26500 MHz in the HP 83971C Option
002. Testing lower bands can be done easily using the preceding SWR
test.

SWR. Test Specification Range
HP 8971C Opt 002

2:1 2.4 - 18 GHz
3:1 18 - 26.5 GHz

HP 8971B

2:1 24-18 GHz

An input SWR test is performed in SSB 3 of the HP 8971C OPTION 002 and the HP
8971B.

10 dB Attenuator ................ HP 8493C option 010

Signal Generator ................. HP 8340B/41B

Scalar Network Analyzer .......... HP 8757A

Power Splitter ...........oviutn HP 11667B

Detector .....oovvniiiiiiiit HP 85025B

Directional Bridge ................ HP 85027B

SMA-male Coaxial Short/Open .... HP 85037-60001

LO Input Cable .................. HP 08971-60126

IF Output Cable ................. HP 11793-60006

System LO ........ ... ... oot See the section on Programming the
System LO.

Noise Source ........covivunennn. HP 346B/C
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HP 89708

NOISE FIGURE METER m
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SYSTEM
LOCAL OUSCILLATOR
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Figure 4-7. Fine Peak YIG Test Setup

Procedure 1. Power up all equipment and allow to warm up for one hour.
2. On the HP 8970B, press (PRESET).
3. Set up the HP 8970B as the system controller.
a. Press: (a) (6] (J (o) (SPECIAL FUNCTION)
b. Press: (4] (8) (J (o) (SPECIAL FUNCTION)
4. On the HP 8970B, press (1) () (5) (SPECIAL FUNCTION). .

5. To control the system LO, press (4) (1) (J (3) (SPECIAL FUNCTION). (41.3 is for a
HP 8673B. Use pullout #1 on the 8970B to find the correct special function for
another system LO.)

NOTE

Make sure that the correct ENR table for the noise source used is entered in
the HP 8970B. A preamplifier connected between the noise source and the
HP 9871B/C RF input may be necessary to allow the YIG to be peaked above
18 GHz (Iypically above 24 GHz).

6. If your HP 8971C is an option 001, use special function 42.5 to set the LO power
to +1 dBm.

. Press: (4) (2) () (5) (SPECIAL FUNCTION)
b. Press:

. Press: (4) (2) () (4) (SPECIAL FUNCTION)
. Press: (1) @ 0 @ @ G

7. Fine Peak the YIG at frequencies to be tested.
b. Press: ©) © EnEr)

o

<

(=W
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c. Press:
Press: Q@ & @@ (18000 for HP 8971B)
Press

Press: ()@ ©
Press: (3) (6) () 3) (SPECIAL FUNCTION)

. Wait until fine peak finishes before continuing.

NOTE
The fine peak above checks only the frequencies that are stepped through. If
you have other frequencies of specific interest to your application, fine peak
at those frequencies also. Before proceeding, remove the preamplifier if used
for fine peaking the YIG.

o

R 0

8. Set up the equipment as shown in the following figure.

SCALAR
NETWORK ANALYZER

HP 89708

NOISE FIGURE METER

I HP 8971B/C NOISE
o BB FIGURE TEST SET

[=1a] ]
G onoo T
o [ =] =] LoaAD
oporo HEEE T S o 'r“gll:"{; 14

L vt e JIF A R
outT

COAXIAL
Qf = o= o= ={] SHORT/GPEN

SYSTEM LOCAL

OSCILLATOR
y ‘T.
TEST
PORT DIRECTIONAL
HF 83408 BRIDGE
SIGNAL GENERATOR
DETECTOR
[r—
S—r
POWER
SPLITTER

ﬂ RF 10 dB
aut ATTENUATOR
o | , INTER-CONNECTION

Figure 4-8. SWR Test Tetup

9. The interconnections between the HP 8757A and the HP 8340B are as follows:

a. Connect the HP 8340B Pulse Modulation Input to the HP 8757A Modulation
Drive.

b. Connect the HP 8340B Sweep Output to the HP 8757A Sweep In 0-10V.
c. Connect the HP 8340B Z-Axis Blank/MKRS to the HP 8757A Pos Z Blank.
d. Connect the HP 8340B Stop SWP In/Out to the HP 8757A Stop Sweep.

e. Connect an HPIB cable from the HPIB connector on the HP 8340B to the HP
87575 System Interface connector on the HP 8757A.
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10.

11.

12.
13.

14.
15.

16.

17.
18.

19.

20.

21.
22.
23.
24.

25.

HP 8971B/C

NOTE

Keep all connectors clean and keep the number of adapters to a
minimum.

Preset the HP 8757A Scalar Network Analyzer. Turn Channel 2 OFF. Set the

SCALE to 10 dB/div. Set the measurement mode to A/R. Set the display for
MEAS—-MEM

On the HP 8340B(microwave test station) set the output power to —5 dBm. Set
Pulse Modulation to on. Set the Sweep Time to 100 ms. Set Sweep Mode to

continuous. Set the start frequency to 2400 MHz and the stop frequency to 2600
MHz.

On the HP 8757A, press (CAL).

A menu will appear. Press the softkey. The HP 8757A menu will

prompt you to connect a short (see Figure 4-7). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

Hook the HP 8971C back up to the SWR bridge.
Set the average to ON on the HP 8757A, and to 32 for smoother trace.

®

softkey so the the AVG is set to on.

softkey

[=®

. Press: (3)(2)

Set the HP 8757A for SWR format and measure by reading the marker level.
a. Press:

b. Check to see if the cursor is set to on. If it is not press the
so that the cursor is set.

softkey so that the display shows SWR.

¢. Press:

Set the HP 8970B to a frequency of 2500 MHz.

Measure SWR and record in the table that follows. Use the
the cursor to the low point.

Set the HP 8340B to the next 200 MHz sweep. This will be 16900 to 17100 MHz.
(£ 100 MHz from the next frequency to be measured.)

Press on HP 8757A. Press the SHORT\OPEN key. Follow directions on the
display.

On the HP 8757A, turn the AVG back ON.
Reconnect the HP 8971C to the SWR bridge.

Set the HP 8970B to the next frequency(17000 MHz, 26500 MHz).

Set
the

P 8757A for SWR readout and measure by reading the marker level. Use
oftkey to adjust the cursor. Record the SWR in the table that follows.

Repeat steps 20 through 25 for the last frequency, 26500 MHz.
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NOTE
Other frequencies at multiples of 500 MHz (2500 MHz and above) can
be tested. Test any multiple that might be of interest. Repeat steps 20
through 25 for each additional frequency.

Table 4-4. HP 897 18/C SWR Test Results

Maximumn Maximum

Noted Frequencies| Test Result Option 002 HP 8971B
24GHz to 18 GHz
Worst Case N 2:1 2:1

21 2:1

2:1 2:1

2:1 2:1
18 GHz to 26.5
GH:z
Worst Case —_ 3:1 NA

3:1 NA

3:1 NA

31 NA
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4-19. NOISE FIGURE TEST

NOTE

This Noise Figure Test applies to all HP 8971C instruments. This test does
not apply to the HP 8971B. The Noise Figure Gain Test (4-20), which follows
this test, applies to the HP 8971B.

Specification
Mode Specification Conditions
Noise Figure
HP 8971C Std and Opt 001
< =18 dB 10-30 MHz
<=13dB 30-100 MHz
<=10dB 0.1-12 GHz
<=11.5dB 12-18 GHz
<=14.5dB 18-26.5 GHz
Opt 002 only
<=5.4dB 10 MHz-1.6 GHz
< =28 dB 1.6-2.4 GHz
< =26 dB 2.4-15 GHz
< =28 dB 15-18 GHz
< =28 dB typical| 18-22 GHz
< =32 dB typical| 22-26.5 GHz
Description Noise Figure is tested in each of the three SSB test ranges:
a)SSB1 ........ 10 MHz to 1600 MHz
b)SSB2 ........ 1.6 GHz to 2.4 GHz
c)SSB3 ........ 2.4 GHz to 26.5 GHz
Results of all tests are compared with specified values to verify that the HP 8971C
meets specifications.
Equipment Noise Figure Meter ........ HP 8970B
Signal Generator .......... See the Section on Programming the System LO.
Noise Source . ......coue... HP 346B/C
Procedure 10 to 1600 MHz

1. Connect the Noise Figure Calibration Setup.
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HP 89788
NOISE FIGURE METER m
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HP 8971C NOISE
FIGURE TEST SET

b I |

SYSTEM
L OCAL OSCILLATOR

(—

Figure 4-9. Noise Figure Calibration Test Setup

2. Warm up equipment for sixty minutes.

NOTE

Make sure that the correct ENR table for the noise source used is entered
in the HP 8970B.

3. On the HP 8970B, press
4. Increase smoothing to 32. Press five times.
5. Prepare the Noise Figure Measurement System for use.
a. Press: (1) (6) (J (o) (SPECIAL FUNCTION)
b. Press: (4) (2) () (o) (SPECIAL FUNCTION)
Press: (4) (5) () (1) (SPECIAL FUNCTION)
Press: (1) () (5) (SPECIAL FUNCTION)

e. Press: (4) (1) (J (@) (See Pull Out Card 1 on the 8970B if you are not using an
HP 8340B)

f. Press: {SPECIAL FUNCTION)

g. If you have an option 001, press: (4) (2) () (5) (SPECIAL FUNCTION) and (1) (ENTER)
6. Press: (4) (2) (3 (a) (sPECIAL FUNCTION]

7. Press: @ @ 0 @ © EED)

8. Set up the HP 8970B to calibrate 10 and 100 MHz.
b. Press: (1) (o)

e

o

4-41



Performance Tests HP 8971B/C

c. Press: (STOP FREQ

d. Press: (1) (@) (o)
e. Press:

f. Press: (3)(0)

9. Press: (CAUIBRATE ) (CALIBRATE)

10. Wait for the calibration to finish before proceeding.

11. Connect the equipment as in the following figure.

HP B8972B

NOISE FIGURE METER GB

(o BH]

cermgmm o= K |
=

L |
HP 8971C )
NOISE FIGURE
TEST SET
—y | [ | )
= —

SYSTEM
LOCAL OSCILLATOR

C— |

Figure 4-10. Noise Figure Test Setup

12. Press: (NOISE FIGURE AND GAIN).

13. Use the (START FREQ) and (STOP FREQ) keys to view 10 and 100 MHz. Measure the
noise figure at 10 and 100 MHz.

14. Record results in the table that follows.
15. Reconnect the Noise Figure Calibration Setup. (Figure 4-9)
16. Set up the HP 8970B to calibrate for 200 to 1600 MHz.

a. Press:

b. Press: () (o) (@)

c. Press:

d. Press: (1) (e) (0) (o)

e. Press:

f. Press: (@ @ (Ignore E21)

17. Press: {CALIBRATE ) (CALIBRATE)
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18.
19,
20.
21.

22.

Performance Tests
Wait for the calibration to finish before proceeding.
Reconnect the Noise Figure Test Setup.
Measure the noise figure from 200 to 1600 MHz.
Use the fixed frequency and keys to measure the desired frequency.
a. Press:
b. Press: (2) (o) (0
c. Press:
d. Press: Q@)

Record the results in the following table.

Table 4.5. HP 8971C S587 Noise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency Std and Opt 001 Opt 002 Actual
10 MHz 18 dB 5.4dB
100 MHz 10 dB 5.4dB
200 MH: 10 dB 5.4 dB
300 MHz 10 dB 5.4 dB
400 MHz 10 dB 54dB
500 MHz 10 dB 5.4dB
600 MHz 10 dB 5.4dB
700 MHz 10 dB 5.4 dB
800 MHz 10 dB 5.4dB
900 MHz 10 dB 5.4dB
1000 MHz 10 dB 5.4 dB
1100 MHz 10 dB 5.4 dB
1200 MHz 10 dB 5.4dB
1300 MHz 10 dB 5.4 dB
1400 MHz 10 dB 5.4dB
1500 MHz 10 dB 5.4dB
1600 MHz 10dB 5.4dB

4-43



Performance Tests HP 8971B/C

Procedure 1600 to 2400 MHz
1. Connect equipment as shown in the Noise Figure Calibration Setup.
2. Warm up equipment for sixty minutes.

NOTE
Make sure that correct ENR calibration tables for Noise Source used
are entered in HP 8970B. (See HP 8970B Operating Manual).

Press:
Press: (4) (6) (3 (o) (SPECIAL FUNCTION)
Press: (2) (8) (J (o) (SPECIAL FUNCTION)

If you have an option 001, press: (a) (2) (J () (SPECIAL FUNCTION) and (1) (ENTER).
Enable communication with the HP 8971C in modes 1.5 to 1.9

a. Press Q) 5) D (@)

b. Press: (SPECIAL FUNCTION)

8. Enable Local Oscillator for fixed IF of 700 MHz
a. Press: (1) (D (3) (SPECIAL FUNCTION)
b. Press: (3) () (o) (SPECIAL FUNCTION)

¢. Press: (1)} (0) (@)

e e

NOTE
Ignore ERROR 42 whenever it appears during this test procedure.

9. Set for lower sideband measurement and select the correct LO program
(SPECIAL FUNCTION 41.X)

a. Press: (2) (J (1) (SPECIAL FUNCTION)

b. Press: (4) @) ) (a) (See Pull Out Card 1 on the 8970B if you are not using a
HP 8340B)

c. Press: (SPECIAL FUNCTION)
10. Increase Smoothing to 32
a. Press:
=
=
d. Press:
=
11. Calibrate the HP 8970B
a. Press:
b. Press:
12. Wait for the calibration to finish before proceeding.

" b. Press

¢. Press

e. Press

13. Reconnect the Noise Figure Test Setup.
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Procedure

Performance Tests

14. Enable mode 1.5 and set the Noise Figure Meter frequency to 2000 MHz. This
puts the Noise Figure Test Set into SSB2.

a. Press: (1) () (5) (SPECIAL FUNCTION)

b. Press: (FREQUENCY

c. Press: )@ @ @ E&ED)

d. Press: (1) () (3) (SPECIAL FUNCTION)

15. To observe results, set up a 100 MHz increment and use the fixed freq (4] key.

. Press: (START FREQ

a
b. Press: (0 0 @ @ G

c. Press: (FREQ INCR

d. Press: (@) (@)

e. Press: {NOISE FIGURE AND GAIN)

16. Record values of noise figure in the folowing table using the fixed freq (&) key to
step to each new frequency.

Table 4-6. HP 9871C SSB2 Noise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency Sid and Opt 001 Opt 002 Actual
1700 MHz <10 dB <95 dB
1800 MHz <10 dB <25 dB
1900 MHz <10 dB <25 dB
2000 MHz <10 dB <25 dB
2100 MH:= <10 dB <25 dB
2200 MHz <10 dB <25 dB
2300 MHz <10 dB <25 dB
2400 MHz <10 dB <25 dB

2.4 to 26.5 GHz

1. Set up instruments as shown in the Noise Figure Test Setup.

2. Turn on power to the instruments and allow a warm up of one hour.

3. Preset the HP 8970B and select the correct LO program (SPECIAL FUNCTION

41.X)
a. Press:

b. Press: () (6) () (o) (SPECIAL FUNCTION)

c. Press: (4) (8) ( (¢) (SPECIAL FUNCTION)

d. Press: (3) (2) (O () (SPECIAL FUNCTION)
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10.

11.

HP 8971B/C

e. Press: @@ 0 @ © G

f. Press: (a) ) () (@) (See Pull Out Card 1 on the 8970B if you are not using a
HP 8340B.)

g. Press: (SPECIAL FUNCTION)

. If you have an option 001, Press: (4) (2) (3 (5) (SPECIAL FUNCTION) and

NOTE
The instrument responds slowly to some commands. Make sure that
each time a key is pressed the instrument recognizes it and responds.

Make sure that the correct ENR table for the noise source used is entered
in the HP 8970B.

. Enable communication with the HP 8971C in modes 1.5-1.9

a. Press: () (5) D (@)

b. Press: {SPECIAL FUNCTION)

. Enable mode 1.5

a. Press: (J()

b. Press: (SPECIAL FUNCTION) (Ignore E28)

. Set Frequency points to calibrate the YIG filter

a. Press:

b. Press: (2) (5) (0) (@) (ENTER)

c. Press:

1. Press: 0 0 0 0 @ G
e. Press:

f. Press: (1) (@) (o) (o) (ENTER)

. Fine peak the YIG filter: (3) (6] () (3) (SPECIAL FUNCTION)
. After "8971 CAL" disappears from the INSERTION GAIN and NOISE FIGURE

displays, enable control of the YIG filter in mode 1.3 (this is accomplished by
modifying a special RAM location) Ignore E23 if it appears.

a. Press: (3) (3) () (1) (SPECIAL FUNCTION)

b. Press: @) 0 0 0 @ @D

c. Press: (3) (3) () (3) (SPECIAL FUNCTION]

d. Write down the number in the HP 8970B display.
e. Press: (9) (3) (J (1) (SPECIAL FUNCTION)

Key in the number recorded above Press:

a. Press: () (3) (J (2) (SPECIAL FUNCTION)

b. Press: (1) (&)

c. Press: (1) () (3) (SPECIAL FUNCTION]

Set measurement frequency parameters
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12.

13.

14.
15.

16.
17.

18.

Performance Tests

a. Press:

b. Press: @O @@
c. Press:

d. Press: () (@) (0) (o)

Fix Intermediate Frequency (IF) to 450 MHz.
a. Press: (3) () (o) (SPECIAL FUNCTION)
b. Press: @A) (5) (0

Set smoothing to 32

a. Press:

b. Press:

c. Press:

d. Press:

e. Press:

Select Lower Sideband: Press: (2) (J (1) (SPECIAL FUNCTION)
Reconnect the Noise Figure Calibration Setup.

a. Press:

b. Press:

¢. Wait for the calibration to finish before proceeding.

Reconnect the system as shown in the Noise Figure Test Setup.

Take measurement at 2500 MHz

a. Press: (NOISE FIGURE AND GAIN }
b. Record results in the table that follows.

To make the rest of the measurements:
a. Press fixed freq (&) key

b. Record Noise Figure for each frequency.
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Table 4.7. HP 837 1¢ S5B3 Noise Figure Test Results
Noise Figure Noise Figure
Specified Specified Noise Figure

Frequency | Std and Opt 001 Opt 002 Actual
2500 MHz <10 dB <26 dB

3500 MHz <10 dB <26dB

4500 MHz <10 dB <26dB

5500 MHz < 10 dB <26 dB

6500 MHz <10dB <26dB

7500 MHz <10dB <26 dB

8500 MHz < 10dB <26dB

9500 MH:z <10dB < 26dB

10500 MHz| < 10 dB <26dB

11500 MHz <10 dB < 26dB

12500 MHz <11.5dB |[£26dB

13500 MHz <115dB |<£26dB

14500 MHz <11.5dB |<26dB

15500 MHz <11.5dB < 28 dB

16500 MHz <11.5dB |[<28dB

17500 MHz <11.5dB [<28dB

18500 MHz < 14 dB < 28 dB typical

19500 MHz <14 dB < 28 dB typical

20500 MHz <14 dB < 28 dB typical

21500 MHz <14 dB < 28 dB typical

22500 MHz <14 dB < 28 dB typical

23500 MHz <14 dB < 28 dB typical

24500 MHz <14 dB < 28 dB typical

25500 MHz < 14 dB < 28 dB typical
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PERFORMANCE TESTS

. 4-20. IMAGE AND THIRD HARMONIC REJECTION TEST

NOTE
This performance test applies to HP 8971B instruments ONLY.

Specification

Meode | Specification | Conditions
SSB3 >20 dB

Description This test verifies the ability of the Noise Figure Test Set to reject unwanted responses

to signals appearing at the image frequency or the third harmonic of the desired
response. The HP 8971B provides rejection of these signals in SSB modes 2 and 3.
The test consists of injecting signals at the appropriate frequency and using the HP
8970B as a measuring receiver. In SSB mode 2, the image will appear 1400 MHz above
the desired response (700 MHz IF) and in SSB mode 3 the image will appear either
900 MHz above the desired signal ( frequency <16.001 GHz) or 900 MHz below the
desired signal (frequency >16 GHz). By design, the mixer in the HP 8971B rejects
even harmonic responses and all odd responses which exceed 20 GHz, so it is not
necessary to test all possible responses.

Equipment Noise Figure Measurement System . HP 8970B, HP 8971B and supported LO.
Noise Source .....ovvvvevrunvnnens HP 346B/C

. Signal Generator ................. HP 8340B
Power Meter ...t HP 436A

Power Sensor ..........iinnnnn. HP 8484A/8481D
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HP 8387@B

NOISE FIGURE METER GB
[= B8]

|
STEPS 6-9
SIGNAL GENERATOR
HP 8371B T
NDISE FGURE POWER METER
TEST SET
e ]
nli ]
T ] T
\-——————-— ——————J kSTEP 18
- - —
SYSTEM POWER
LLOCAL OSCILLATOR SENSOR

G

Figure 4-11. Image and Odd Harmonic Rejection Test Setup

Procedure

—

. Connect equipment as shown above.
. Select the proper system LO (41.0-41.4 SP)

a. Press: (4) (1) J(3) (For HP 8673B only. For HP 8671B or 8672A use 41.2. For
HP 8340B use 41.4) .

V]

b. Press: {SPECIAL FUNCTION)

3. Preset the Noise Figure Meter
Press:

. Place system in mode 1.5.

a. Press: 06

b. Press: (SPECIAL FUNCTION )

NN

5. Set start, stop and step frequencies.
a. Press:
Press: () (0) (©) (@)

Press: (ENTER
Press: (STOP FREQ

c

oo

Press:

@)

Glo

a]a]a

Q)

©

Press

Press

o A R

Press:

Q)
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i. Press:

6. Connect noise source to RF Input of HP 8971B.

10.

11.

12.

13.
14.

15.

16.

. Fine tune the HP 8971B YIG filter (4 to 18 GHz).

a. Press: 3)(6) (0

b. Press: {SPECIAL FUNCTION]

c. Wait for “8971 CAL” to disappear from the INSERTION GAIN and NOISE
FIGURE displays before proceeding to the next step.

. Set Frequency to 2401 MHz (lowest SSB3 frequency).

a. Press: (FREQUENCY

b. Press: (2) (3) ()
¢. Press:

. Peak YIG filter.

a. Press: 3) () (J (4

b. Press: (SPECIAL FUNCTION )

Connect the power meter to the Noise Figure Test Set IF OUTPUT. Connect the
signal source to the HP 8971B RF INPUT. Set the signal source to the image
frequency 3301 MHz. Adjust the signal source output level so that the power
meter reads —40 dBm +5 dBm. Connect The Noise Figure Test Set IF OUTPUT
to the Noise Figure Meter RF INPUT.

Select Power Measurement Mode

a. Press: () ()

b. Press: (SPECIAL FUNCTION )

Set smoothing to 8

a. Press:

b. Press:

c. Press:

Tune the HP 8970B to the first frequency in table 4-8.
Set RF attenuator auto range.

a. Press: (6) (o)

b. Press: (SPECIAL FUNCTION)

Tune the signal generator to the same frequency as the HP 8970B and record the
power reading from the HP 8970B in Table 4-8. It may be necessary to fine tune
the frequency of the signal generator in order to obtain the maximum reading in
the Noise Figure Meters Noise Figure display.

Set RF attenuator hold mode.

a. Press: ()

b. Press: (SPECIAL FUNCTION]

4-51



Performance Tests HP 8971B/C

17. Retune the signal generator to the image frequency and record the HP 8970B
power reading in column 4 of Table 4-8. It may be necessary to fine tune the
signal generator in order to obtain the maximum Noise Figure reading.

18. If applicable, tune the signal generator to the 3rd harmonic frequency shown in

column 5 of the table. Record the HP 8970B power reading in column 6 of the
table.

19. Tune the HP 89708 to the next frequency in Table 4-8 and repeat steps 15 through
18. Repeat this process until all frequencies in the table have been tested.

NOTE

It might be necessary to fine tune the source at each frequency to obtain
the mazimum reading.

Table 4-8. Power Reference, Image and Harmonic

Source and

Power Image Power 3rd Power
8970 Freq Ref Freq Image Harmonic | Harmonic
(step 13) | (step 15) | (step 17) | (step 17) | (step 18) | (step 18)
1601 MHz 3001 MHz NA NA
2401 MHz 3301 MHz 7203 MHz
4000 MHz 4900 MHz 12000 MHz
6000 MHz 6900 MHz 18000 MHz
8000 MHz 8900 MHz NA NA
10000 MHz 10900 MHz NA NA
12000 MHz 12900 MHz NA NA
14000 MHz 14900 MHz | _________[NA NA
16000 MHz 16900 MHz | ... .. |NA NA
18000 MHz 17100 MHz | |NA NA

20. Compute the difference between the power readings of columns 2 and 4. This is
the rejection in dB. Record this value in column 2 of the following table.

21. From the results in above table, compute the rejection by subtracting the image
or harmonic power level from the reference. LIMIT >20 dB.

4-52




HP 8971B/C

Performance Tests

Table 4-9. HP 987 1B Image and Third Harmonic Rejection

Image 3rd Harmonic
8970 |Rejection(dB) | Rejection(dB)
Frequency | Col 2-Col 4 | Col 2-Col 6 |Specification
1601 NA > 20 dB
2401 > 20dB
4000 > 20 dB
6000 > 20 dB
8000 > 20 dB
10000 NA > 20dB
12000 NA > 20 dB
14000 NA > 20 dB
16000 NA > 20 dB
18000 NA > 20 dB
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Table 4-10. Performance Test Record (1 of 6)
Hewlett-Packard Company Tested by

Model HP 8971B/C Noise Figure Test Set

Serial Number Date

Table 4-10. Performance Test Record (1 of 5)
HP 8971B/C SWR Test Results

Noted Frequencies | Test Result |Std. and Opt. 001| Opt. 002 HP 8971B

10 MHz to 1600

MHz

Worst Case - 2.25:1 . 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1

1.6 GHzto 2.4

GHz

Worst Case ——— 2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1

2.4 GHz to 18

GHz

Worst Case - 2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1

18 GHz to 26.5

GHz

Worst Case - 2.5:1 3:1 NA
2.5:1 3:1 NA
2.5:1 3:1 NA
2.5:1 31 NA
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Table 4-10. Performance Test Record (2 of 5)
HP 8971C SSB1 Noise Figure Test Results

Performance Tests

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency Std and Opt 001 Opt 002 Actual
10 MHz 18 dB 5.4dB
100 MHz 10 dB 5.4dB
200 MHz 10 dB 5.4dB
300 MHz 10 dB 5.4dB
400 MHz 10dB 54dB
500 MHz 10 dB 5.4dB
600 MHz 10 dB 5.4dB
700 MHz 10 dB 5.4dB
800 MHz 10 dB 54dB
900 MH:z 10 dB 5.4dB
1000 MHz 10 dB 5.4dB
1100 MHz 10 dB 5.4dB
1200 MHz 10 dB 54dB
1300 MHz 10 dB 5.4dB
1400 MHz 10 dB 5.4 dB
1500 MHz 10 dB 5.44dB
1600 MH:= 10 dB 5.4dB
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Table 4-10. Perfbrmance Test Record (3 of 5}
HP 8397 1C Noise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency Std and Opt 001 Opt 002 Actual
1700 MHz <10 dB <25 dB
1800 MHz <10 dB <25 dB
1900 MHz <10 dB <25 dB
2000 MH= <10 dB <25 dB
2100 MHz <10 dB <25 dB
2200 MHz <10 dB <25 dB
2300 MH:z <10dB <25 dB
2400 MH:z <10 dB <25 dB
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Table 4-10. Performance Test Record(4 of 5)
HP 8371C SSB1 Naise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure

Frequency | Std and Opt 001 Opt 002 Actual
2500 MH:z <10dB <26dB

3500 MHz <10dB <26 dB

4500 MHz <10dB <26dB

5500 MHz <10dB <26 dB

6500 MHz <10dB <26dB

7500 MHz <10dB £26dB

8500 MHz <10 4B <26 dB

9500 MHz <10dB <£26dB

10500 MHz <10dB <26dB

11500 MHz <10 dB <£26dB

12500 MH:z <11.5dB |<£26dB

13500 MH:z <11.5dB |£26dB

14500 MHz <11.5dB |[<26dB

15500 MHz <11.5dB ]|<28dB

16500 MHz <11.5dB |<28dB

17500 MH:z <£11.5dB |£28dB

18500 MHz <14dB < 28 dB typicel
19500 MH:z < 14 dB < 28 dB typical
20500 MHz <14 dB < 28 dB typical
21500 MHz <14 dB < 28 dB typical
22500 MHz <14dB < 28 dB iypical
23500 MHz <14dB < 28 dB typical
24500 MHz <14 dB < 28 ¢B iypical
25500 MHz <14 dB < 28 dB iypical
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Table 4-10. Perfarmance Test Record (5 of 5)
HP 839718 Image and Third Harmonie Rejection

Image 3rd Harmonic

HP 8970 Rejection(dB) Rejection{dB)

Frequency Col 2-Col 4 Col 2-Col 6 Specification
1601 — NA > 20dB
2401 > 20 dB
4000 > 20dB
6000 > 20 dB
8000 > 20 dB
10000 —_— NA > 20dB
12000 NA > 20 dB
14000 —— NA > 20dB
16000 —_— NA >20dB
18000 ——— NA > 20 dB

4-58



HP 8971B/C , Performance Tests

4-39



Performance Tests HP 8971B/C

PERFORMANCE TESTS

4-21. NOISE FIGURE AND GAIN TEST (INCLUDES REPEATABILITY)

NOTE
This performance test applies to the HP 8971B instrument ONLY

Specification Mode Specification Conditions
Noise Figure 7
SSB1 <=5dB 10 MHz-1.6 GHz
S5B2 <=25dB 1.6-2.4 GHz
SSB3 <=23dB |2.412 GHz
<=24dB }12-15 GHz
<=28dB 15-18 GHz
Gain ‘
SSB1 =—4dB |10 MHz-1.6 GHz
SSB2 >=(0dB 1.6-2.4 GHz
SSB3 >=2dB 2412 GHz
>=1dB 12-15 GHz
>=-2dB }15-18 GHz
Gain Repeatability | <=0.2dB .
Description Noise Figure is tested in each of the three SSB test ranges:
a)SSB1 ........ 10 MHz to 1600 MHz
b)SSB2 ........ 1.6 GHz to 2.4 GHz
¢)SSB3 ........ 2.4 GHz to 18 GHz
d)DSB ......... 2.4 GHz to 18 Ghz

SSB1 mode is a pass through mode. A 3 dB attenuator in series with the path
attenuates the signal passing through. In the SSB1 test the attenuator is tested at
several frequencies and amplitudes for gain. Measurements are made with a signal
generator and a power meter. The external 3 dB attenuator improves the match at
the output of the signal generator. Also, the microwave rela.ys are switched 10 times
and the results are checked for repeatability.

The Noise Figure and Gain Test for SSB2 mode checks noise figure and gain in the
frequency range of 1.6 GHz to 2.4 GHz. After the signal passes through a 3 dB
attenuator it passes through a band pass filter and another 3 dB attenuator. It is then
mixed with the local oscillator to produce a 700 MHz IF which is then amplified and

sent to the noise figure meter. The microwave relays are switched 10 times and the
results are checked for repeatability.

The Noise Figure and Gain Test of SSB3 mode checks noise figure and gain in
the frequency range of 2.4 GHz to 18 GHz. After the signal passes through a 3
dB attenuator it passes through a YIG bandpass filter and through another 3 dB
attenuator. It is then mixed with the local oscillator to produce a 450 MHz IF which
is amplified and sent to the noise figure meter. The YIG bandpass filter is tuned to
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the low, mid, and high ends of its frequency range to check repeatability. Also, the
microwave relays are switched 10 times to check for repeatability.

The Noise Figure and Gain Test of DSB mode checks the repeatability of the microwave
switches. After the input signal passes through a 3 dB attenuator it is mixed with a
local oscillator to produce a 25 MHz IF output. It is then amplified and sent to the
noise figure meter. The microwave relays are checked 10 times for repeatability.

Results of all tests are compared with specified values to verify that the HP 8971B
meets specifications.

Equipment Noise Figure Meter ........ HP 8970B
Signal Generator .......... HP 8340B
Power Meter .............. HP 436A
Power Sensor .............. HP 8481A
Attenuator3dB ........... HP 8493A OPT. 003
Noise Source .............. HP 346B

SIGNAL GENERATOR

HP 8970B
POWER METER NOISE FIGURE METER m
i BH|
cogeggoes o
® omomeB888° 55 O
3 dB WER
ATTENUATOR s‘::?qsoR J HP 8971B NOISE
— b FIGURE TEST SET

o (<] (4]

Figure 4-12. Gain Test Reference Setup SSB1

Procedure SSB1 — 10 to 1600 MHz

1. Connect equipment as shown in Figure 4-12.

2. On the noise figure meter:
a. Press:

3. Enable communication with the HP 8971B on system interface bus.
a. Press: (@)D
b. Press: (SPECIAL FUNCTION) (Ignore E42)

4. Enable mode 1.5 and set START FREQ to 1600 MHz.

a. Press: Q@)
b. Press: (SPECIAL FUNCTION )
c. Press:
d. Press:
e. Press:
5. Place the signal generator in local mode with output at 10 MHz.

4-61



Performance Tests HP 8971B/C

6. Set the power level of the signal generator to +4 dBm.

7. Check the power level of the signal generator on the power meter. Adjust the
signal generator for proper power, if necessary.

8. Set the signal generator to each of the frequencies in Table 4-11 and record the
power level on the power meter under “Output Signal Generator”. (frequencies
are 10, 100, 300, 500, 700, 1000, 1300, and 1600 MHz).

Table 4-11. HP 8971B SSB1 Noise Figure Gain
Output Signal Outiput Output

Frequency Generator Test Set Difference Specified
10 MHz <=4dB
100 MH= < =4 dB
300 MHz <=4dB
500 MHz <=4 dB
700 MHz <=4 dB
1000 M1z, <=4dB
1300 MHz <=4 dB
1600 MHz <=4dB

9. Disconnect the signal generator from the power meter. Connect the signal
generator output (after the 3 dB attenuator) to the RF INPUT of the Noise
Figure Test Set. )

10. Connect the IF QUTPUT of the Noise Figure Test Set to the power meter. The
test should now be configured as shown in Figure 4-13.

11. Set the signal generator to 10 MHz. Read the power meter and record the result
in Table 4-11 under “Output Test Set”.

12. Repeat step 11 for each of the frequencies in Table 4-11.

13. Subtract the power levels measured in the “Output Test Set” column from the
power levels measured in the “Output Signal Generator” column and record in
the “Output Difference” column.

14. If any item in the “Output Difference” column is greater than 4 dB, repeat
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15. Perform this step ten times and record each reading in Table 4-12. Verify that all

the difference between the largest and the smallest power meter readings is <=
0.2 dB

a. Press: (Ignore E-42)

b. Press:
Record the reading in Table 4-12.

HP 89708
NOISE FIGURE METER m
[o BB |

o Ooo 93 paoo
[=] fof={=1s] o

SIGNAL GENERATOR Y conon2838 ¢ S

i
oQn

o}

POW METER
FP 8971B NOISE ER

IGURE TEST SET
°
= i ]

3 dB POWER
ATTENUATOR SENSOR
e —— I'"_-i-

Figure 4-13. Gain Test Setup SSB1

Table 4.12. HP 89718 S581 Repeatability

Reading # Reading
1
2
3
4
5
6
7
8
9
10
Largest reading
— smallest reading
&=
<= 0.2dB
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Procedure
(cont’d) S$SB2 — 1.6 t0 2.4 GHz

1. Connect equipment as shown in Figure 4-14. .
2. Warm up equipment for thirty minutes.

Insure correct ENR calibration tables for Noise Source used are entered in HP 8970B.
(See HP 8970B Operating Manual).

3. Press:
4. Enable communication with the HP 8971B in modes 1.5 to 1.9

a. Press: () (8) Q)

b. Press: (SPECIAL FUNCTION)

5. Enable Local Oscillator for fixed IF of 700 MHz
Press: () ()

Press: {SPECIAL FUNCTION])

Press: 3} (J (o)

Press: {SPECIAL FUNCTION )

e. Press: (7J () (o)
Press:

o ¥

a0

]

HP 89788

NOISE FIGURE METER m

Lo B}

ccw g, o8 [ |
|~

“ ¢ =ooo 5588 %
NOISE
SQURCE

1

HP 83718 NOISE
FIGURE TEST SET

- ° o<:‘

SYSTEM
LOCAL OSCILLATOR

— |

Figure 4-14. Noise Figure and Gain Calibration Test Setup SSB2/SSB3

6. Set for lower sideband measurement and select the correct LO program (SPECIAL
FUNCTION 41.X)

a. Press: (2) ()

b. Press: A[SPECIAL FUNCTION )
¢. Press: (3) (@) (J (2) (For HP 8671B/8672A only)
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10.

11.

12.

Performance Tests

d. Press: (SPECIAL FUNCTION)

. Increase Smoothing to 32.

a. Press:
b. Press:
c. Press:
d. Press:
e. Press:

. Calibrate the HP 8970B.

b. Press:
Wait for calibration to finish before proceeding.

. Connect Noise Source to HP 8971B as shown in Figure 4-15. Make sure all other

connections are made as shown — including HP-IB connections. Make sure the
ENR table is set for the Noise Source (See the HP 8970B Operating Manual for
instructions).

Enable mode 1.5 and set the Noise Figure Meter frequency to 2000 MHz. This
puts the Noise Figure Test Set into 55B2.

a. Press: QG

Press: (SPECIAL FUNCTION)
. Press: (FREQUENCY

C
d. Press: (2) (0) (@) (©)
e. Press:

f. Press: 1))

g. Press: (SPECIAL FUNCTION)

=

To observe results, set up a 100 MHz increment and use the (&) key.
a. Press: START FREQ

b. Press: B0

Press:

Press:

e. Press: (1) (@) (@)

f. Press:

g. Press: (NOISE FIGURE AND GAIN)

oo

Record values of gain and noise figure in Table 4-13 using the (&) key to step to
each new frequency.
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Table 4-13. HP 83718 58B2 Nojse Figure and Gain

Gain Noise Figure
Frequency >=0dB <=25 dB

1700 MH=
1800 MHz
1900 MHz
2000 MHz
2100 MHz

2200 MHz
2300 MHz
2400 MHz

13. On the noise figure meter: (Ignore E-23)

Press: ) Q)

Press: (SPECIAL FUNCTION)
Press:
Press: (2) () (@) (@)
Press:

Press:

Press: ) Q)

Press: (SPECIAL FUNCTION)
Press:
Press: (2) (0 (@) (0
Press:

1. Press:

Press:
Press: (3) (0) (0) (o)
Press:

Press:

Press: 3) 8)Q(3)

Press: (SPECIAL FUNCTION)

s. Press: ) (5) D (2)

t. Press: (SPECIAL FUNCTION)
u. Press: (3)

v. Press:

c P

oo

g s P

o e

s B

e

e v

o
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14,

aa.
bb.
cc.

dd.

ee.

S

Performance Tests

Press:
Press:
Press:
Press:

Press: B0 @

Press: (SPECIAL FUNCTION])
Press: (FREQUENCY

Press: OIO)
Press:

Perform this step 10 times and record each noise figure and gain reading in Table
4-14. Verify that the difference between the largest and the smallest readings is

<=

0.2 dB. Increase SMOOTHING to decrease jitter if necessary.

a. Press: (wait for the HP 8971B to switch to SSB3)
b. Press:

c. Press:

d. Press: [NOISE FIGURE AND GAIN)

Record the readings in Table 4-14.

Table 4-14. HP 897 1B SSB2 Repeatability

Reading #
(@ 2400 MHz) Gain Noise Figure

1

2

3

4

5

6

7

8

9

10
Largest gain Largest noise figure
— smallest gain — smallest noise figure
<= 0.2 dB <=02dB
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HP 89708
NOISE FI1GURE METER GB
BH]

]

SYSTEM
LOCAL OSCILLATOR

—

Figure 4-15. Noise Figure and Gain Test Setup SSB2/$SB3

Pr
(c:;::g)u re SSB3 — 2.4to 18 GHz

1. Set up instruments as shown in Figure 4-15.
2. Turn on power to the instruments and allow a warm up of thirty minutes.

3. Preset the HP 8970B and select the correct LO program (SPECIAL FUNCTION
41.X)

a. Press:
b. Press: (a) (1) ) (2) (For HP 8671B/8672A only)
c. Press: (SPECIAL FUNCTION)

NOTE

The instrument responds slowly to some commands. Make sure that each
time a key is pressed the instrument recognizes it and responds.

4. Enable communication with the HP 8971B in modes 1.5-1.9
a. Press: () Q@
b. Press: (SPECIAL FUNCTION)

5. Enable mode 1.5

a. Press: ()
b. Press: (SPECIAL FUNCTION]) Ignore E28

6. Set Frequency points to calibrate the YIG filter
a. Press:

b. Press: (2)(8) (@) (@)
c. Press:
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A

R o @

[y
.

Performance Tests
Press: (sTOP FREQ

Press: Q) @ @ ()
Press:

Press: {STEP SIZE

Press: (1) (0) (@ (@)
Press:

. Fine peak the YIG filter.

a. Press: (3) (&) Q@)

b. Press: (SPECIAL FUNCTION)

. After '"8971 CAL" disappears from the INSERTION GAIN and NOISE FIGURE

displays, enable control of the YIG filter in mode 1.3 (this is accomplished by
modifying a special RAM location) Ignore E23 if it appears.

A

P o

@

Press: (0 (3) D

Press: (SPECIAL FUNCTION )

. Press: (6) (5} (0) 5) (&)

Press:
Press: ) ) (3)

. Press: {SPECIAL FUNCTION]

Write down the number in the HP 8970B display.

Press: (3)(3) ()

Press: {SPECIAL FUNCTION]

Key in the number recorded above

. Press:
. Press: )30 ()

. Press: (SPECIAL FUNCTION)

1. Press: (1) (6)

m.

n.

0.

a.

o

o

j=7

@

Press:
Press: Q)

Press: (SPECIAL FUNCTION }

. Set measurement frequency parameters.

Press:
Press: (2) (5} (@) (@)

. Press: {ENTER

Press:
Press: (J(0) (0 (@)
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10.

11.

12.

13.

14.
15.

16.

HP 8971B/C

{. Press:
Fix Intermediate Frequency (IF) to 450 MHz.

. Press: 3)(J (@)

b. Press: (SPECIAL FUNCTION)

c. Press: (A (8) (@)

d. Press:

Set smoothing to 32.
a. Press:

b. Press:

c. Press:

d. Press:

e. Press:
Select Lower Sideband.

a. Press: Q

b. Press: [SPECIAL FUNCTION)

&

Connect Noise Source to HP 8970B as shown in Figure 4-14, and calibrate.
a. Press:
b. Press:
Wait for calibration to finish before proceeding.
Connect system as shown in Figure 4-15.

Take measurement at 2500 MHz.

a. Press: (NOISE FIGURE AND GAIN)
Record results in Table 4-15.

To make the rest of the measurements:
a. Press: (1)
Record Noise Figure and Gain for each frequency in Table 4-15.




HP 8971B/C

17.

18.

19.

Performance Tests
Table 4-15. HP 89718 SSB3 Noise Figure and Gain

Gain Gain Noise Figure | Noise Figure
Frequency Specified Actual Specified Actual
2500 MHz >=2dB <= 23dB
3500 MHz= >=2dB <= 23 dB
4500 MHz >=2dB <= 23 dB
5500 MHz >=2dB <= 23 dB
6500 MHz >=2dB <= 23 dB
7500 MHz >=2dB <= 23 dB
8500 MHz= >=2dB <=23dB
9500 MHz >=2dB <= 23 dB
10500 MHz |>=2dB <= 23 dB
11500 MHz |>=2dB <= 23 dB
12500 MHz |>=1dB <=24dB
13500 MHz |>=14dB <= 24 dB
14500 MHz |>=1dB <=24dB
15500 MHz |>= -2dB <= 28 dB
16500 MHz |>= —2dB <= 28 dB
17500 MHz |>= -2dB <= 28 dB

Enable mode 1.5.

a. Presss @ Q)
b. Press: (SPECIAL FUNCTION)

Set Frequency points to calibrate the YIG filter.

A

po o

e
.

BB e O

Press

Press:

Press

Press

Press:

Press
Press
Press

Press

. |START FREQ

@I

: [ENTER

: [STOP FREQ

@]
®

: (ENTER
. (STEP SIZE

4a]6]0]0!

:

8]0]0]

8]0)

©

Fine peak the YIG filter.

a. Press: @) O E)
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b. Press: {SPECIAL FUNCTION)

Ignore E22 or E23. It will clear when we calibrate in step 21. Wait for "8971
CAL” to clear from the HP 8970B display before proceeding.

20. Enable measurement mode 1.3. .
a. Press: (1) ()

b. Press: (SPECIAL FUNCTION)

21. Cohnect the noise source to the HP 8970B as shown in Figure 4-14 and calibrate.
a. Press:
b. Press:
Wait for the calibration to finish before proceeding.
22. Connect the system as shown in Figure 4-15.
23. Set the noise figure meter to test repeatability
Press: (FREQUENCY

Press: (2) (5) (@) (o)

Press: (ENTER

A

oo

Press: (STORE

Press:

Press: (FREQUENCY

Press:

&
©
©
©
®

R e ®

Press:

Press: (STORE

o
1

Press:

[,
.

® [4 [
-
3

Lol

Press: (FREQUENCY

—

Press:;

&
&
&
©
®

m. Press: (ENTER

Press: (sTORE

i

Press:

e

Press:

QNC)
O
©

Press:

ol
r—
[72]
T
m
O
I>
-
m
c
=
)
|
Q
z
e’

Press: (FREQUENCY

s. Press: (J (@ (8 () (0

t. Press: (ENTER

-

u. Press: (STORE

v. Press:

Ignore E23

"6
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24.

~N

aa.
bb.
cc.

dd.

ee.

nn.

< p g

"6

Press

Press:

Press

Press

Press:

Press
Press
Press
Press

Press

. Press:
. Press
. Press:
. Press
. Press:
. Press

. Press

Press

Performance Tests

¢ |FREQUENCY

0]0]

: |ENTER

®
®

: I STORE

: (ETART FREQ)
AE0E

: (SPECIAL FUNCTION]

60

: {SPECIAL FUNCTION )

Q)

: @I

®
. @R

: @D
9000

: (SPECIAL FUNCTION )

To test repeatability due to YIG tuning, perform this step 10 times:
a. Press:
Press: (NOISE FIGURE AND GAIN)

Record the gain and noise figure readings in Table 4-16.
b. Press:

Press: [NOISE FIGURE AND GAIN)

Record the gain and noise figure readings in Table 4-16.

c. Press:
Press: [NOISE FIGURE AND GAIN

Record the gain and noise figure readings at 17500 MHz in Table 4-16. Continue
with step 24a until 10 readings have been taken at each frequency in Table 4-16.

The value of the difference between the highest and lowest value in each column
below must be <= 0.2 dB.
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Table 4-16. HP 89718 S583 Repeatability (YIG Tuning)

2500 MH>z 2500 MHz 10000 MHz 10000 MHz 17500 MHz 17500 MHz
Gain Noise Figure Gain Noise Figure Gain Noise Figure
1 1 1 1 1 1
2 2 2 2 2 2
3 3 3 3 3 3
4 4 4 4__ 4 4
5 5 5 5 5 b
6 6 6 6 6 6
7 T 7 7 7 7
8 8 8 8 8 8
9 9 9 9 9 9
10 10 10 10 10 10
Largest gain Largest NF Largest gain Largest NF Largest gain Largest NF
— smallest gain | — smallest NF — smallest gain | — smallest NF — smallest gain | — smallest NF
<= 0.2dB <= 0.2dB <=0.2dB <= 0.2dB <= 0.2dB <=0.2dB

25. Set the HP 8970B to test the repeatability of the microwave relays.

Press: 3)(5) ()

Press: (SPECIAL FUNCTION)

Press: 3)(5) O

Press: (SPECIAL FUNCTION)
Press: (5)
Press: (ENTER

Press: (4)
Press:

®
j- Press:

k. Press: 3) ) O (@

1. Press: {SPECIAL FUNCTION)

S

e o

B ®Ros o

Press:

T
.

26. To test the repeatability of the microwave relays, perform this step 10 times and
record the results in Table 4-17.

a. Press: (Wait for HP 8971B to switch bands)

b. Press:
c. Press:
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Procedure
(cont’d)

d. Press: (NOISE FIGURE AND GAIN )

Performance Tests

Record the gain and noise figure readings in Table 4-17.

Table 4-17, HP 897 1B SSB3 Reaeatahility (Microwave Relays)

Reading #
(@ 17500 MHz) Gain Noise Figure

1

2

3

4

5

6

7

8

9

10
Largest gain Largest noise figure
— smallest gain — smallest noise figure
<=0.2dB <=0.2dB

DSB — 2.4 to 18 GHz (Repeatability)

1.
2.
3.

Set up equipment as shown in Figure 4-13.

Turn on power to the instruments and warm them up for thirty minutes.

Preset the HP 8970B and select the correct LO program (SPECIAL FUNCTION

41.X)
a. Press:

b. Press: (3) (1) () () ( For HP 8671B/8672A only)

c. Press: (SPECIAL FUNCTION )

Enable control of the HP 8971B.

a. Press: ({8 Q)

b. Press: (SPECIAL FUNCTION )

c. Press: (1J()

d. Press: (SPECIAL FUNCTION)

. Enable DSB mode.

a. Press: 2)Q (@

b. Press:; [SPECIAL FUNCTION])
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6. Set the Local QOscillator for fixed IF of 256 MHz.
a. Press: 3)(J (@)

b. Press: (SPECIAL FUNCTION)
c. Press: (2)(5)
d. Press:
7. Set smoothing to 32.
a. Press:
b. Press:
c. Press:
d. Press:
e. Press:

8. Make sure the Noise Source is connected to the HP 8970B as shown in Figure
4-13, and calibrate.

a. Press: (CALIBRATE
b. Press: Wait for the calibration to finish before proceeding.

9. Connect up system as shown in Figure 4-14.

a. Press: Q)

Press: (SPECIAL FUNCTION )

Press: QO

Press: (SPECIAL FUNCTION |

Press:

. Press: (2)(5) (@) (0)

. Press:

. Press: (1))

. Press: (SPECIAL FUNCTION)

10. Set the HP 8970B for measurements.

a. Press: (NOISE FIGURE AND GAIN)

v

oo

= R R

[

11. Set up the noise figure meter to test repeatability.

a. Press: (1 () (8) |(SPECIAL FUNCTION)
Press: (FREQUENCY

&

Press:

&0

Press: {ENTER

Press: {sTORE

o

Press:

g. Press: (FREQUENCY

Qi e

4-76



HP 8971B/C Performance Tests

h. Press: @90
i. Press:
Ignore E23.
j. Press:
k. Press:

1. Press:
m. Press: (2)

Ignore E38, if necessary.
n. Press: @) Q)
Press: {SPECIAL FUNCTION])
Press:
Press: BI0]O)]
Press:
s. Press: 2) (J (@)
t. Press: (SPECIAL FUNCTION)
u. Press:
v. Press:
Press: B) () (O

Press: (SPECIAL FUNCTION)
Press: 3) (5 ()
Press: (SPECIAL FUNCTION]
aa. Press:
bb. Press:

cc. Press: (2)

dd. Press:

ee. Press:

ff. Press:

gg. Press: (a)
hh. Press:

ii. Press: 3) &) QD (@)

ji. Press: (SPECIAL FUNCTION ]

°

a v

o

N ow p F

12. Perform this step 10 times and record the gain and noise figure readings in Table
4-18.

a. Press: (Wait for the HP 8971B to switch bands.)
b. Press:
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c. Press:

d. Press: (NOISE FIGURE AND GAIN)

Record the gain and noise figure readings in Table 4-18. Verify that the difference .
between the largest and the smallest gain (and noise figure) is less than or equal
to 0.2 dB.

Table 4-18. HP 89718 DSB Repeatability (Microwave Relays} .

Reading #
(@ 18000 MHz) Gain Noise Figure

1

2

3

4

5

6

7

8

9

10
Largest gain Largest noise figure
— smallest gain ~ smallest noise figure
<=0.2dB <= 0.2dB
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