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GENERAL INFORMATION

1-1 SCOPE OF MANUAL

This manual provides genera] information, installa-
tion, and operating information—hoth contrel (front)
pariel and GPIB—for the Model 360 Vector Network
Analyzer system. The manual is organized ag shown
in the table of contents.

1.2 INTRODUCTION

This section provides genersl information about the
360 system, which consists of the network analyzer,
a test set, a signal (frequency) source, and one or
more component kits. The section also provides sys-
tem specifications and a listing of recommended test
equipment needed for operation, verification,
calibration, and service.

1.3 IDENTIFICATION NUMBER

All WILTRON instruments are assigned a unigue
siz-digit ID number, such as*701001.” This number
is affixed to a decal on the rear panel of each unit.
For the signal source, this number is the serial num-
ber of the microwave deck assembly. The basic frame
assembly also has a serial number assigned. It is af-
fixed to the inside of the rear panel. In any cor-
respondence with WILTRON Customer Service,
please use the serial number located on the outside
rear panel. The system operating software is keyed
to the analyzer identification number. For systems
having the time-domain option installed, the operat-
ing-system will only load on the serial-numbered 360
one for which it ig identified.

1-4 RELATED MANUALS

The 360 requires five manuals for complete
coverage. These manuals are described in Table 1-1.
This table also lists and describes the 360 optional-
equipment manuals,

360 OM

1.8 SYSTEM DESCRIPTION

1.5.1 Network Analyzer

The 360 network analyzer is the control and display
unit for all versions of the system. Its control {front)
panel controls provide menu selections for test fune-
tions, test parameters, measurement enhancements,
and frequencies. Frequency information is sent to
the signal (frequency) source over a dedicated sys-
tem GPIB. Test parameters, system status, and
measurement data are displayed on the large color
scereen and hard copied on a printer or plotter.

1-5.2 Test Set

Test sets are available that allow microwave vector
measurements—including S parameter measure-
ments of both active and passive devices—frequen-
¢y conversion measurements, antenna measure-
ments, and receiver measurements. Freguency
range is 10 MHz to 40 GHz. Millimeter-wave test
sets to 110 GHz are also available,

1-53.3 BSignal Source

Two signal sources are available—10 MHz to
18 GHz and 10 MHz to 40 GHz. The signal source is
controlled by the network analyzer from a dedicated
IEEE-488 bus. It provides clean, phase-locked test
signals for precise test data. Frequency resclution is
100 kHz. Standard 6600B models are also com-
patible and could be used in place of the 3608845
and 3608869 sources.




RELATED MANUALS

I GENERAL INFORMATION

Table 1-1. List of Related Manuals

Manual Title

PRascription

Part Numbar

Modsel 360 Operating Manual
(360 OM}

This manual provides general information, specifications, instal-
lation instructions, and focal (front panal), and remote (GPIB)
operafing data and procedural information for the 360 system,

10410-00022

Modal 380 Performance
Verification and Calibration
Maintenance Manual (380
PV&C MM

This manval provides performance veritication and caibration
procadures for the system,

10410-00028

Model 360 Natwork Analyzaer
Maintenance Manual (360
MM

This manual provides service information for the network
analyzer. it includes parts lists, eircuit desecriptions, biock
diagrams, schematic diagrams, and ramoval and installation in.
structions tor certain analyzer subassemblies.

10410-00032

Model 36XX Tast Set Main-
isnance Manual {38XX
TSMM)

This manual provides service information for the Models 3810,
3611, 3620, and 3621 Test Sels. H includes parls lists, circult
descriptions, block diagrams, schematic diagrams, and removal
and installation instructions for certain test sel subassemblies.

10410-00036

Model 38085XX Signa
Source Maintenance Manual
{36088XX MM)

This manual provides  sarvice information for the Modsis
368848 and 368859 Siunal Sources. It includes parts lists, cir-
cuit descriptions, block diagrams, schematic diagrams, and
ramoval and installation instructions Tor certain signal source
subassemblies,

10410-00040

Model 36XX Calibration Kit
Opearation and Maintenance
Manual {36XXCK OMM),

This manual provides operating and maintenance data and pro-
cadures for the various components in the Models 3850, 3851,
3652, and 3653 Calibration Kits.

10100-00014

Model 36XX Verffication Kit
Operation and Maintenance
Manual {36XXVK OMM).

This manual provides operating and maintenanca data and pro-
cedures for the various components in the Modals 3868, 3667,
and 3668 Verification Kits,

10100-00022

Soltware Usser's Guide
{2360-X SUG)

WILTRON 2360-1/2360-2

This SUG provides operating information, data, and proceduras
for the Standard Network Analyzer software, P/N 2360-1, and
Time Domain softwara, P4 2360-2.

1055000042

i-6 PRECISION COMPONENT KITS

Two types of precision-component kits are available:
calibration and verification. The calibration kit con-
tain components used to identify and separate the
error sources inherent in a microwave test setup.,

paragraphs.

The verification kit consists of components with
characteristics traceable to NBS. This kit is usually
kept in the metrology laboratory where it provides

14

the most dependable means of checking system ac-
curacy. Each of these kits contains a microfloppy
disk providing coefficient data for each component.
Details of these kits are described in the following
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181 Model 3850 SMA/Z.S mm Calibration
Kit

The 3650 Calibration Kit (Figure 1-2) contains all the
precision components and tools required to calibrate
the 360 for 12-term error-corrected measurements of
test devices with SMA or 3.5 mm connectors. Com-
ponents are included for calibrating both male and
fernale test ports. The kit supports calibration with
breadband loads. Option 1 adds sliding loads.

The 3650 consists of the following components:
# 23550 Short, SMA/3.5mm Male
® 238F50 Short, SMA/3.5mm Female
® 24550 Open, SMA/3.5mm Male
* 245F50 Open, SMA/3.5mm Female
* 28850-2 Termination, SMA/3.5mm Male, 2 ea.
{de-26.5 GHz)
* 288SF50—2 Termination, SMA/3.5mm Female,
2 ea. (de-26.5 GHz)
» 338F8F50 Insertable, SMA/3.5mm Female/-
Female, 2 ea.
# 335850 Insertable, SMA/3.5mm Male/Male,
2 ea.
3388F50 Insertable, SMA/3.5mm Male.
/Pemale
® 34A850-2 Adapter, GPC-7 to SMA/3.5mm
Male, 2 ea. 34ASF50-2 Adapter, GPC-7 to
5MA/3.5mm Female, 2 ea.
& 01201 Torque Wrench
# (01-210 Reference Flat
* 01222 Connector Gauge
¢ (31223 Gauge Kit Adapter
® Data Disk
Option 1: Adds 17850 Sliding Load, SMA/3.5mm
Male; 175F50 Shiding Load, SMA/2.5mm Female;
01211 Female Flush Short; and 0i—212 Male Flush
Short,

Figure 1-2. Typical Mode! 3650X Calibration Kit
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FPRECISION COMPONENT KITS

1-8.2 Model 3851 GPC-7 Calibration Kit

The 3651 Calibration Kit (Figure 1.2) contains all the
precision components and tools required to calibrate
the 360 for 12-term error-corrected measurements of
test devices with GPC-7 connectors. The kit supports
calibration with broadband loads. Option 1 adds a
shiding load.

The 3651 consists of the following components:
® 23AR4G Short, GPC—7
# 24A80 Open, GPC-7
® 28A50-2 Termination, GPC-7, 2 ea. {(de—
18 GHz)
& 01200 Torque Wrench
¢ (1210 Reference Flat
01-221 Collet Extractor Tool and Vial of 4 Col-
leta
+ Data Disk
Option 1: Adds17A50 Sliding Load, GPC-7; and 01—
220 GPC-T Connector Gauge.

1-8.3 Model 3652 K Connector Calibration
Eit:

The 3652 Calibration Kit (Figure 1-2) contains all the
precision components and tools required to calibrate
the 360 for 12-term error-corrected measurements of
test devices with K Connectors. Components are in-
cluded for calibrating both male and female test
ports, The kit supports calibration with breadband
loads. Option 1 adds sliding loads.

The 3652 consists of the following components:

& 23K50 Short, K Male

# 22KF50 Short, K Female

# 24K50 Open, K Male

» 24K¥50 Open, K Female

® 28K50-2 Termination, K Male, 2 eg, (de—

40 GHz)
& 28KF50-2 Termination, K Female, 2 ea, {(do—
40 GHz)

# 33KK50 Insertable, K Male/Male

* 33KFKF50 Insertable, K Female/Female, 2 ea.

¢ 33KKF50 Insertable, K Male/Female, 2 ea.

* 34AKE0 Adapter, GPC-7/K Male, 2 ea.

» 34AKF30 Adapter, GPC-7/K Female, 2 ea.

e (1201 Torque Wrench

¢ (1-210 Reference Flat

® 01222 Connector Gauge

® (1223 Gauge Kit Adapter

# Data Disk
Option 1: Adds 17K50 Sliding Load, K Male;
17EF50 Sliding Load, K Female; 01-211 Female
Fhush Shert; and 01-212 Male Flush Short,

1.5
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164 Model 36853 Type N Calibration Kit

The 3653 Calibration Kit (Figure 1-2) contains all the
precision components and tools reguired to calibrate
the 360 for 12-term error-corrected measurements of
test devices with Type N connectors. Components are
included for calibrating both male and female test
ports. The kit supports calibration with broadband
loads, Option 1 for sliding loads is not available in this
calibration kit.

The 3653 consists of the following components:

& 23N50 Short, N Male

o 23NF50 Bhort, N Female

& 24N50 Open, N Male

& 24NF50 Open, N Female

& 28NB(G-2 Termination, N Male, 2 ea.
{de-18 GHz)

# 28NFB0-2 Termination, N Female, 2 ea.
{de-18 GHz)

& JAANE(-Z Adapter, GPC-7/I¥ Male, 2 ea.

® J4ANFEO-Z Adapter, GPC-7/N Female, 2 ea.

& (1.-213 Type N Reference Gauge

& (01-224 Type N Connector Gauge

& Diata Disk

1-6.5 Model 3666 3.5 mm Verification Kit

The 3666 Verification Kit (Figure 1-3) contains
precision 2.5 mm components with characteristics
that are traceable to the National Bureau of Stan-
dards. Used primarily by the metrology laboratory,
these components provide the most dependable
means of determining system accuracy. A disk con-

Figure 1-3. Model 3666 or 3668 Verification Kit
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taining factory-measured test data for all com-
ponents is supplied for comparison with cusfomer-
measured data.

The 3666 consists of the following components:
# 1955010 10 ¢m Air Line
e 19550-10B 10 em Stepped Impedance Air Line
(Beatty Standard)
e 415B-2020 dB Attenuator
e 415B-50 50 dB Attenuator

1-8.6 Model 3667 GPC-7 Verification Kit

The 3667 Verification Kit (Figure 1-4) contains
precision GPC~7 components with characterisiics
that are traceable to the National Bureau of Stan-
dards. Used primarily by the metrology laboratory,
these components provide the most dependable
means of determining system accuracy. A disk con-
taining factory-measured test data for each com-
penent is supplied for comparison with customer-
measured data.

The 3667 consists of the following components;:
& 10A50-10B 10 com Stepped Impedance Air
Line {(Beatty Standard)
& 18A50-1010 cm Air Line
& 41 AA-20 20 dB Attenuator
s 41AA-50 50 4B Attenuator

Figure 1-4, Model 3867 Verification Kit

360 0OM
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OPTIONS

1-6.7 3668 K Connector Verification Kit

The 3668 Verification Kit (Figure 1-3) contains
precision K Connector components with characteris-
ties that are traceable to the National Bureau of Stan-
dards. Used primarily by the metrology aboratory,
these components provide the most dependable
means of determining system accuracy. A disk con-
taining factory-measured test data for each com-
ponent is supplied for comparison with customer-
measured data.

® The 3668 consists of the following components:

® 19K50-10 10 em Air Line )

e 19K50-10B 10 em Stepped Impedance Air

Line (Beatty Standard)
e 41 K(C-20 20 dB Attenuator
¢ 41KC-50 50 dB Attenuator

1-7 OPTIONS

a. Network Analyzer:
e Option 1: Rack Mount Slides and Ears.
® Option 1S: Instruments are configured for in-
stallation in the 360C1 Console or 360C2
Cabinet.
# Option 16: Monochrome Display

b. Test Set

e Option 1: Rack Mount Slides and Ears.

e Option 18: Instruments are configured for in-
stallation in the 360C1 Console or 360C2
Cabinet

e. Signal Source
¢ Option 1: Rack Mount Slides and Ears.
e Option 18: Instruments are configured for in-

stallation in the 360C1 Console or 360C2
Cabinet

NOTE

The Wiltron 6600B Series Sweep
Generators and the 6700A Swept
Frequency Synthesizers (1 kHz

_ resolution) are also compatible with
the 360.

1-8 TEST PORT CABLES
a. Semirigid:
® 3670A50-1 Test Port Cable, dc to 18 GHz,
GPC-7 connectors,1-foot long, 2 each required.
e 3670A50-2 Test Port Cable, dc to 18 GHz,
GPC-7 connectors, 2-feet long, 1 ea.required.

e 3670K50-1 Test Port Cable, dc to 40 GHz, K

Connectors, 1-foot long, female/female, 2 each
required.

360 OM

¢ 3670K50-2 Test Port Cable, dc to 40 GHz,

K Connectors, 2-feet long, female/female.
b. Flexible:

e 3671A50-1 Test Port Cable, dc to 18 GHz,
GPC-7 Connectors, 1-foot long, 2 each re-
quired.

e 3671A50-2 Test Port Cable, de to 18 GHz,
GPC-T7 connectors, 2-feet long.

¢ 3671K50-1 Test Port Cable, dc to 40 GHz,
K Connectors, 1-foot long, female/female, 2
each required.

& 3671K50-2 Test Port Cable, dc to 40 GHz,
K Connectors, 2-feet long, female/female.

1-9 TEST PORT ADAPTERS

Test port adapters are available for use with the 3611
and 3621 Test Sets.
e 34UA50 Test Port Adapter, Universal/GPC-7
e 34UKS50 Test Port Adapter, Universal/K Con-
nector, male.
e 34UNS0 Test Port Adapter, Universal/N, male.
& 34UNF50 Test Port Adapter, Universal/N,
female.

1-10 SYSTEM SOFTWARE

¢ Time Domain Software, P/N 2360-2, includ-
ing Standard Network Analyzer Measurement,
Software, P/N 2360-1.

e 2300-10 ANACAT Software.

1-11 CABINETS

e 360C1 System Console, including a work shelf,
support rails, component storage drawer, and
power distribution.

® 360C2 System Cabinet, including support rails
and power distribution.

1-12 ACCESSORIES

& 2225C InkJet Dot-Matrix Printer, including
360 Centronics printer cable

e 2225-2 Replacement InkJet Cartridges,
2 each

e 2225-3 Fan-Fold InkJet Printer Paper,
2500 sheets

® 2000-209 3.5-inch Blank Diskettes, Box of 10

113 PERFORMANCE SPECIFICATIONS

System performance specifications are given in Table
1-2.
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SPECIFICATIONS

1 GENERAL INFORMATION

Table 1-2.

Performance Specifications (1 of 6)

MEASUREMENT CAPABILITIES

Number of Channels: Four measurement channels.
Parameters: Si1, S21, S22, 812; complex input and output
impedance; complex inpul or owtput admittance; and com-
plax forward and reverse ransmission. Al measurements
are made without the need o manually reverse the tast
devica,

Domains: Frequency Domain and optional Time Domain
{2360-2). Measwremenis from both domains can be dis-
playad simultaneously.

Formats: Log Magnifude, Phase, Log Magnitude and
Phase, Smith Chart {impsadance}, Smith Chart (Admit-
tance), Linear Polar, Log Polar, Group Delay, Linear Mag-
nitude, Linear Magniiude and Phase, Real, Imaginary, Real
and Imaginary, and SWR,

Data Points: 501, Can be switched to a nominal 168 or a
nominal 85 points without recalibration.

Referenca Delay: Can be entersd in tima or in distance
{whan the dielectric constant is eniered). Automatic
reference delay feature adds the comsct elactrical length
compensation at the push of a button, Software compensa-
tion for the electrical length difference batween reference
and test s always accurate and stable since measurement
frequencies are always synthesized. In addition, WILTRON
offers Refersnce Phase Delay for dispersive transmission
media, such as waveguide and microstrip.

Markers: Six independant markars can be used 1o read out
measurement data, In defta-reference mode, any one
marker can be gelected 1o become the reference for the
cther five. Markers can be directed automatically 1o the min-
imurm or maximum of a data tracs.

Limlts: Limit lines are available 1o indicate test limits.
Limlt Frequency: This mode aliows the user to delerming
the +X dB bandwidth of amplifiers, filters, or any fype of fre-
quency sensitive device,

Measurament Frequency Range: Frequency range of
measurement can be narrowed within calibration range

without recalibration. CW mode permits single frequency
measurements, also without racalibration. In addition, the
system accepts N discrafe frequency points where
25N<501,
Resolution of Readout (Maximum):

Log:0.001 dB

Linear: 0.001 pU {units)

Phase: 0.01 degrees

Group Delay: 0.001 fs

SWR:0.001 pU

Real:0.001 pU

Imaginary:0.001 pU

Time:0.001 ps

Distance:0.001 mm

DYNAMC RANGE

The dynamic range af the signal eve! at Port 2 is defined o
ba the maximum signal level (0.2 B compression} minus
the noise fioor for the various test sets. (Tha noise floar is
determined using minimum video bandwidth and 1028
averages.} The noiss floor and dynamic rangs of each test
get are shown in the table below,

MEASUREMENT ENHANCEMENT

Vector Error Correction: Three methods of calibration ara
oifered, they include; standard calibrations using either
apen circuits or olfset short circuits and LBL calibration.
Four vector error carrectiong—Full 12-Term, Cne Path-Two
Port, Frequency Rasponss, Reflaction Only. Full 12-4erm
can always ba used if desired, as all test sets automatical-
ly raverse the test signal. Front panel LEDs indicate the type
of calibration, which Is stored in memory. Front panel but
ton selects whether calibration is fo be applied, and an LED
lights when calibration data are being applied,

Callbration Standards: Can sslect SMA, GPG-7, Type N,
and K Connactor from calibration menu. Use of fixed or slid-
ing toad can be selected for each connector type. Open cir-

36X X Series Test Sets
Test Set Frequency Range Maximum Signal Noise Flgor Dynamic Range

Mode! {GHz) (dBm} {dBm} {dB)
4810 0.5t 180 O 110 110
3511 050188 -3 -113 10
180t 28.5 g -148 105

26510 40 -3 -103 100

3620 0.51c 18 40" ~118) 150
3621 0510 18.0 37* 113 150
37 ~108 145

37 (0 140

“Allenuaiey #3 set o 40 4,
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{ GENERAL INFORMATION SPECIFICATIONS

Table 1-2. Parformance Specifications (2 of 5}

circuit capacitance coeflicients can be modified manually or 12 Phase
through the GPIB interdacs. stz
Dala Averaging: Avsraging of 1 to 4095 points can be 20 GHe
selected, Averaging can be turned onfoff with front panel \
button. Front panel LED indicates when averaging is active,
Video IF Bandwldth: Front panel swilch selects three 351%621\
levals of IF bandwidth. NORMAL, REDUCED, and MIN MAK N

RO T~ [T -
500

-
<

salpctions corraspond 1o approximately 10 kHz, 1 kHz, and
100 Hz, respectively.

Trace Smoothing: Functions similarly 10 Frequency
Averaging. Trace width to be smoothed can be selected
from 0 0 20% of trace. Front pansl button turns smoothing

-~

Uneeriainty {Degrees)
o

a3

L]

on/off and front panel LED indicates when smoothing is ac- g o1 0 02 B4 05 06 o7 D8 08 10
liva. Reftection CoeMicient
SQURCE CONTROL.

Compatibllity: The 360 is compalible with the WILTRON
36058 8Bystem Sources and the 6600B Sweep Generators.
The phase-locked output frequency of both is controlled by
the 380 which sends frequancy information through a dedi-
cated GPIB system inlerface bus. The oulput frequency is Transmission Measurements
then shase locked with the frequency accuracy of the inter-

nal 10 MHz crystal standard. Phase-lock time is typically o7 Magnitude ,
2 ms. Frequancy resolution is 100 kHz. 3L1%}35 by 3L

. ha $Hz 11&&:‘0 5
MEASUREMENT ACCURACY /'5 /35 13621
The following graphs give typical measurement accuracy 0k i 590 Mtz

after 12-term vector error comaction. The errors are root- g
sum-of-the- squares (R5S) calculations of the contributions b
of residual directivity, Ioad and source maitch, frequency §

-

SE{1EH
/ 40 GHz / /
o4 / ' / /

/

i
1
responsa, isolation, network analyzer dynamic accuracy, 63 ; .|
and connector repeatabilty. In preparing the following / g / /"
graphs, a reduced video IF bandwidth and averaging of 128 02 Vi 7 12
points were used, Changes in the video IF bandwidth or / ”‘ig?éf i ﬁégo;m
averaging can resull in variations at low levels, RET T LT i !
o 7’%: a0 500 MHz e o
Reflection Measurements o 10 20 80 40 55 g6 80 &b e
Attenustlorn (6B}
06 Magnliude
Foos 7 Fhase 25
3 i seibaezo
3 / H 13 Gz
004 6 ; 3%
//,,M"’/ f 3611621
- A - 5 L 500 MiHz P
4
d 361113621 ,.w”"/ M‘*’“M § 54@516‘33&?33 /
T o0z -A00Hz g s Is o -
£ 361173824 e Rl el : /
50 kz | ] £ : i
0.01 1_5';%53@» B3 : 15
£ MHz 8 / / jsswaszn
a 1 5, soolmbx |
6 01 02 03 04 05 06 67 68 05 10 P L bromeze 4
Reflaction Coatficlent 26100620 A 500 Mz j
! — AR Lobefol kol ’s
RETTHEST S0g Mz .
o i wég/ﬁ% o
Yo 98 2R s 88 6o e 8 9@ 10
Atternation {(dB)
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SPECIFICATIONS i GENERAL INFORMATION
Table 1.2, Performance Specifications (8 of B)
GHROUP DELAY ACCURACY TEST PORT CHARACTERISITICS

Group Delay is measured by computing the phase change
in degress actoss a fraquency step by applying the formula:
1g = ~1/360 d/di
Aperture: Determinad by the number of steps within a fre-
guency range. The numbser of steps can be changed
without recalibraticn. The minimum aperiure is 0.002 x fre-
quency rangs (501 steps) and can be increased 1o 20% of
the {requency range without recalibration. The frequency

width of the aperture is displayed automatically.

Ranga: The maximum delay range is fimited to measuring
ro more than 180 degrees of phase change within the aper-
ture set by the number of frequancy points, With a frequen-
cy step size of 100 kMz, this corresponds to 10 us.
Measurement Repaatability (Sweep to Sweep): For
continuous measurement of a through connection, RSS
fluctuations due to phase and FM noise are:

1.41 {{Prase Noise in deg® + (1, x Residus FM Naige in Hz)9'?
380 {Aparture in Hz)

Accuracy:
S infreme g s1g % Aperiure Frequency Exrar (H)
Erroring = 360
Aperture (Hz}
DISPLAY CAPABILITIES:

Number of Channels: Four, each of which can display
any S paramsler in any format with ep to two traces per
channel for a maximum of eight races simultaneously. A
single channel, two channels (1 and 3 or 2 and 4} or all four
channels ¢an be displayed simultansously.
CRT: Color display. Gralicules are displayed in green,
measurement data in red, and markers and limits in blue
{cyan opticnal), Tracs data stored in memory is displayed
in green.
Trace Memory: A separate memory for each channel can
be used to store measurement data for later display or for
subtraction, addition, multiplication or division with ¢urrent
measurement data.
Scale Resolution (Mintmum}):

Log Magnitude: 0.001 dB/div

Linear Magnitude: 1 pU (uniis}

Phase:0.01 degreesidiv

Group Delay: 0.001 ps

Time: 0.001 us

Distance: 0.001pm

SWR:1pU
Awoscale: Automatically sets Resolution and Offset o
fully display measurement data.
Retsrence Position: Can be set at any graticule line.
Annotation: Type of measurement, verticat scale resotu-
tion, start and stop frequenciss, referencs position, and
hotizental scale resolution.

Tha specifications in the listing on the next page apply o all
tast sets up 1o 18 GiHz. Specifications above 18 GHz apply
anly to Models 3611 and 3621, Specifications under GPC~
7 apply to Modsls 3610 and 2620, Specifications under K
and 3.5 mm apply o Models 3611 and 3621 and to 3610
and 3620 when 34AKED or 34AKE0 GPC-740-K Connec-
tor adapters are used. Al specifications apply after {2-4arm
error correction. The environment temperature is 23 23
degrees centigrade.

Test Ports
GPC-7 3.5 mm K
Characteristic (dB) {d8) (48
Directivity
0.6to 18 Gy »50 »>40 >40
1810 26.5 GHz - =40 *40
26.5 10 40 GH2 - - »>38
Source Match
0510 18 GHz =40 »30 *30
1810 26.5 GHz - »30 »30
285w 40 GH2 - - =27
Load Match
05t0 1BGHz »40 =35 >35
1810 26.5 GHz - =30 »30
26.5 o 40 GHz e - »27
Rellection
Freq. Aesponse
0.5t 18 Gz 01 .25 ¥ 25
1810 26.5 GHz P +0.25 0,25
2885040 GHz - - H 35
Transmission
Freq. Response
05to 1B GHz 10062 .05 1005
18to 26.5 GHz - +0.06 10.06
26.5 1o 40 GHz - - 0.1
isolation’
05t 18 GHz »00 =80 >80
1810 26,5 GHz - =85 >B8
28.5 10 40 GHz - - »75

*Measwrad with terminations on pirts 1 and 2 and using & minimem
of 128 point averaging and 20% smcathing.

HARD COPY

Dot Matrix Printer: Ment selects Wl screen, graphical, or
tabular data. The number ¢f data points of tabular data can
be selocted as well as data at markers only. Compatibie
with the HP ThinkJet printer. Paratlel {Centronics) interface.
GPIB Plotter: The 360 is compatible with HP Models
74404, 7470A or 7475A. Menu selects plotting of any sub-
set of tha display. Plotier is connected 1o the dedicated sys-
termn bus. This bus also controls the microwave source.

1190
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1 GENERAL INFORMATION

Table 1-2. Performance Specifications (4 of 5}

Buffer: Hard Copy data is loaded into bufter memory in ap-
proximately 12 seconds. Full front panel operation and
measurement capability is then restored to the user during
the remainder of the hard copy generation (printer only).

DISK DRIVE

3.5-inch microdiskette drive with 720K bytes formatted
capacity. Allfiles are MS-DOS compatible. Disk is used to
load measurement programs and can be used to store
measurement and calibration data and front panel setups.
File names can be 1 to 8 characters long.

Measurement Data: 25.6K bytes per 501 point S-
parameter data file.

Calibratlon Data: 58K byles per 501 point, 12-term calibra-
fion plus front pansl setup.

Trace Memory Flle: 4K bytes per 501 point channel.

REMOTE PROGRAMMING

Interface: GPIB, IEEE 488-1978

Addressing: Address can be set from the front panel and
can range from O to 30. Defaults to address 6.

Transfer Formats: ASCI|, 32 bit floating point, 64 bit float-
ing point.

Speed: 40K bytes/s

Interface Function Codes: SH1, AH1, T8, TEO, L4, LEOQ,
SRI, RLL, PPI, DTI, DCO, Co.

TIME DOMAIN

Time Domain Software, P/N 2360-2, adds signal process-

ing and Fourier transform technology o the 360. Data col-

lected as an array of complex frequency points are
processed, which enables the user to:

1. Obtain a time (or distance) presentation for location of
discontinuities.

2. Obtain a presentation that indicates the nature {induc-
tive or capacitive} of a discontinuity—a new capability
for processing bandpass data.

3. Isolate a discontinuity and return to the frequency do-
main to observe its characteristics, independent of
others.

Modes of Operallon:

1. Bandpass processing resulting in time domain display
with arbitrary start and stop times.

2. Phasor Impluse Processing of bandpass data to
provide a low-pass equivalent impulse response for a
real and/or imaginary presentation.

3. Frequency Response with atime gate applied.

4. True Low Pass Processing resulting in a time domain
display with arbitrary start and stop times. The tradi-
tional TDR step response is available in this mode. A
harmonically related series of frequency points is re-
quired.

SPECIFICATIONS
Speciflcatlons:
1st Side Lobe
Type of Window | Relatlve to Peak Impulse
{Number of Terms) {dB) Width'
Rectangular -13 1.2W
{n
Nominal-Hamming —43 18W
{2)
Low Side Lobe
Blackman-Harris —67 21W
{3)
Min. Sida Lobe
Blackman-Harris -92 27W
{4)

1 W ({Bin Width) = 1/24f.
Example: When Af = 10 GHz, W = 50 ps

GENERAL

Rear Pane! Connectcrs and Controls:
RGB VIDEO: TTL compatible, 15 pin D subminiature.
COMP VIDEO: Connects o external video display,
phono jack {mono only).
CRT INTEN: Continuous control of CRT intensity.
CRT DEGAUSS: Pushbutton control degausses CRT.
PRINTER: Connects to external printer with Centronics
interface, 36 pin ribbon.
10 MHz REF IN: Connects 1o external reference fre-
quency standard, 10 MHz, +5 dBm 1o -5 dBm, 50 chms,
BNC female.
10 MHz REF OUT: Connects to internal reference fre-
quency standard, 10 MHz, 1 ppm 0-55C, 0 dBm,
50 ohms, BNC female. If an external 10 MHz input is ap-
plied, the 10 MHz REF OUT is looped through.

Temperature Range:
Operating: 0'C 1o 55°C (45C maximum for disk drive)
Storage: 40'Clo 75°C

Power Requirements:
Network Analyzer: 100V/120V/220V/240V
+5%, =10%, 48-863 Hz, 350 VA maximum.
System Sources: 100V/120V/220V/240V
+5%, ~10%, 50-60 Hz, 250 VA maximum
Test Sets: None. Power is supplied by the 360,

Dimensions:
Network Analyzer: 222 H x 432 W x 603 D mm (8.75 H
x17Wx23.75Din.)
System Sources: 133 Hx 432 Wx 476 D mm {5.25 H
Xx17Wx18.75D in.)

360 OM
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SPECIFICATIONS | GENERAL INFORMATION

Table 1-2, Performance Bpecifications (5 of 5}

Dimensions {Continued): Weight:
Tost Sets: 133 Hx 432 Wx 803D mm {825 Hx 17 W Network Analyzer: 25 kg (55 b)
x23.75 D in.} System Sources: 16 kg (35.4 Ib) maximum,
Printer; B9 H x 292 Wx 203 Dmm {35 HXx 115 Wx8 Test Sets: 14.3 kg (31.5 b}
Din Printer: 3.2 kg (7 1t}
System Cablnet: 572 Hx 553 W x 699 Dmm {225 Hx System Cabinet (Empiy}): 408 kg (S0 It}
2Wx 275D in) System Console (Empty):88.4 kg (195 io)

System Console: 1245 H x 550 W x 899D mm (49 H x
22Wx275Din)

1-12 360 OM




! GENERAL INFORMATION

RECOMMENDED TEST EQUIPMENT

7 114 RECOMMENDED TEST EQUIPMENT Code Type of Testing
Table 1-3 provides a lists of recommended test equip- 8 gahbra_tlon
. perational Checkout
ment needed to check and service the 360 system. The . -
. . . P Performance Verification
entries are coded to show for which types of testing T Troubleshootin
. . . g
the equipment 1is used. These codes are described
below.
Table 1-3. Recommended Test Equipment
CRITICAL RECOMMENDED
INSTRUMENT SPECIFICATION MANUFACTURER USE
Spectrum Analyzer Frequency: 1 Hzto 40 MHz Hewilett-Packard P,.C
Resoiution: 10 Hz Model 3585A
Spectrum Analyzer Frequency: 0.01to 100 GHz Tektronix, Model 494, with Ext O,PTC
with External Mixer Resolution: 100 Hz Mixer PN: 015-3085-00
Frequency Counter Frequency: 0.01 to 40 GHz EIP Microwaves, Inc. OPRT
Input Impedance: 50 ohms Model 548A, with frequency ex-
Resoiution: 1 Hz tended
Other: Ext Time Base Input
Power Meter Power Range: ~30to +20 dBm Hewlett-Packard , Model 436A CPT
Power Sensor Frequency Range: 0.01 10 26.5 GHz Hewlett-P ackard, Model B485A OPRT
’ Digital Multimeter Resolution: 4-1/2 digits {to 20V ) John Fluke, Inc., Model 8840A, O.PT
DC Accuracy: 0.002% + 2 counts with Option 8840A-09
DC Input Impedance: 10 M(1 True RMS AC
AC Accuracy: 0.07% + 100 counts
{to 20 kHz)
AC Input Impedance: 1 megohm
Synthesizer Frequency: 1 Hzto 10 MHz Hewiett-Packard OPT
Power: -60 to 20 dBm; 50 Chms Model 3325A
Oscilloscope Bandwidth: DC to 200 MHz Tektronix, Inc. C,PTC
Sensitivity. 2 mV Model 2445
Horiz. Sensitivity: 50 ns/division
DC Block 0.18 uF, 200V, 10 MHz, Hewlett-Packard, P
BNC Connector Model 10240B
Variac 300W, V, |, P Meters TechniPower, Model WSMT3AW C.PT
Component Components Traceable to United WILTRCN, Model 3666, 3667 O,PRC,T
Verification States National Bureau of Standards or 3668 (as applicable)
Kit (NBS)
Frequency Froquency: 10 MHz Spectracom Corp. P, C
Standard Accuracy: 1 x 107'% Hz /day Model 8161
Power: 0 dBm into 50 Chms
Modulation AM, FM NOISE MEAS Hewlett-Packard, P
— Analyzer Less than 100 Hz Model 8901A
Input Frequency; 5-30 MHz
360 OM 1-13/1-14




3600M

SECTIONII

INSTALLATION
CONTENTS

Paragraph Title Page
2-1 INTRODUCTION . . . . .. e e e e e e e e e 2.3
2-2 INITIALINSPECTION . . . . . . e e 2-3
2-3 PREPARATION FOR USE, 360C1 SYSTEM CONSOLE . ... .. .. 2-3
2-4 PREPARATION FORUSE,360C2CABINET . .. ... ....... 2-10
2-5 CHANGINGTHELINEVQOLTAGE ... ... ... .. ........ 214
2-6 GPIBSETUP AND INTERCONNECTION ., . ... .. ... .... 2-15
2-6.1 Interface Conmector . .. ... ... .. ... .« ... ..., 2.15

2-6.2 CableLengthRestrictions . . . . . ... ... ... ...... 2-15

2-6.3 GPIBInterconnection .. .. .. ... ... .. ... c.... 2-15

2-64 GPIBAddress . ... .. ... o vt v it i ananan 2.15

2-6.5 Data Delimiting (CR-CRAFSwiteh) . ... ... ... ..., 2.158

2-7 PREPARATION FOR STORAGE AND/ORSHIPMENT . . . ... .. 215
2-71 PreparationforStorage . . . ... .. . ... ... . 2-15

2-7.2 PreparatienforShipment . . . . . .. . .. oo, 2-.15

2-1/2-2




SECTION 1I
INSTALLATION

2-1 INTRODUCTION

This section provides information on iniial inspec-
tion, preparation for use, and General Purpose In-
terface Bus (GPIB) interconnections. It also in-
cludes reshipment and storage information.

2-2  INITIAL INSPECTION

Inspect the shipping container for damage. If the
container or cushioning material is damaged, retain
until the contents of the shipment have been check-
ed against the packing list and the instrument has
been checked for mechanical and electrical opera-
tion,

If any network analyzer instruments or components -

are damaged mechanically, notify your local sales
representative or WILTRON Customer Service, If
either the shipping container is damaged or the
cushioning material shows signs of stress, notify the
carrier as well as WILTRON. Keep the shipping
materials for the carrier’s inspection.

360 OM

2-3 PREPARATION FOR USE, 360C1
SYSTEM CONSOLE

The 360 system comes packaged in six boxes

Preparation for use consists of the following:

1. Inventorying the shipment, including the
aftaching-parts kit contained in Box 5.

. Unpacking the equipment

. Assembling the console.

. Installing the system instruments.

. Installing the shelf.

. Cabling the instruments.

. Checking the line voltage setting; resetting
for the line-voltage value in your area, if ap-
propriate.

Figure 2-1 shows the attaching-parts kit, and Table

2.1 provides a listing of the hardware. Using these

two illustrations, ensure that all of the required

parts ars available before beginning the assembly of
the console. The steps required to assembly the con-

sole are given in the pictorial in Figure 2-2.

wd £T O Q3 O

NOTE
The empty console weights 65.9 kg (145
b). We recommend employing two or
more people to Lift it off of the shipping
pallet (Figure 2-2, Step 2).

2-3




il INSTALLATION

~ PREPARATION FOR USE, 360C1 SYSTEM CONSOLE

.
e

e

Figure 2-1. Attaching Parte Used for Assembling the Console

360 OM
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Il INSTALLATION PREPARATION FOR USE, 360C1 SYSTEM CONSOLE

e A W W

Table 2-1. List of Attaching Parts, Consale

disslpative mat,

RF cabla betwaoan test set and sourca, Cable has male WILTRON K B33z268-1 1
Conneclors™ on sach end.

Grey, decorative screws used 1o secure the analyzar, test set, and S00-609 12
source o the front panel of the console.

index No. Dascription Part No. Qty

@ Cords for connecting analyzer and source 1o ac bus. 800-279 2

@ Intarconnect cable having GP1B connectors an each and, 1 m long. 21001 3
Usad to connect analyzer to sourca.

@ Signal cable having BNG female connactors on each and, 3 ft long. 800-124 1
Usad % connect between FM @LOCK paorts on source and analyzer.

@ Mat for dissipating static electricity. 2000-204 1

@ Interface cable used to connect between CONTROL ports on 800-280 4
analyzer and test set.

Interface cable used to connect between SIGNAL ports on analyzer 330151 1
and test sat.

@ Strap and cord for connacting betwean oparator's wrist and static 783-163 1

Writing sheif assembly parts, consisting of the following:

Washer, #10, Spilit Lk 500-386 B

Screw, Pan Hd, 10-32x0.5 inch, Phiilips. Used to mount the rails to 8
the wriling surface and the console rail guides. 9G0-223

Nut, Kap, 10-32x0.375 inch 900-338 2

Washar, #10, Fiat, 0.375 inch 800-352 2

@ Bracket-ciip assambly parts, consisting of the following:

Bracket-clip used to relain analyzer, tast sef, and sourca to the rear A32338 5
of their individual support brackats.

Nut, Kep, 8-32 x 0.343 inch 300-336 12

Washer, #8, Flat, 0.375 inch 8006-351 12

360 OM 2-5




PREPARATION FOR USE, 360C1 SYSTEM CONSOLE it INSTALLATION

&:‘ﬁu Remove the console from its shipping container, as
o —p— gy - follows:

® Cutthe bands O,

w Lift off the top @,

m Remove the cardboard sleeve @ by puliing
straight up and away.

= Femove the packing materials.
= Remove the wriling surface from atop the con-

sole and set it aside. You will ba directed to com-
pleta ita assembly in & later step.

Remove the conscle from the shipping
pallet, as foliows;

m Insert two 4-to-6 {cot lengths of 2x4-inch lum-
ber through the top opening in the consale (11,

= With a person stationed on the front side and
ancther on the back side, use the 2xd's 1o lift
the console off and away from the pallet,

Alternate Procedure

m Tilt the conscle on s back, being carelul not fo
scraich the paint,

= Remove the pallet.

LA

Figure 2-2. Unpacking and Assembling the Console {1 of 4)
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il INSTALLATION PREPARATION FOR USE, 360C1 SYSTEM CONSOLE

M Prepare the front of the console for installation of
the squipment, as follows:

= RHemove the drawer retaining bracket Q.

ce——

= Cut the lie wrap from the Wrist Sirap/Table Mat

Ground Pon @, bring i out through the

i opening above the small panel @, anc let it
hang fres and out of the way.

I,

[T ¥4

Prepare the rear of the console for installation of
the equipment, as follows:

¥ Open the rear door, cut the tie wraps from the
writing-surface rails . and remove the rails
fram the console.

= Cut the tie wrap from the Line Cord @ , and
uncoil the cord.

Figure 2.2. Unpacking and Assembling the Console (2 of 4)

360 0M 27




PREPARATION FOR USE, 360C1 SYSTEM CONSOLE Il INSTALLATION

Prepare the Writing Surface, as follows;

m Attach the two rails as shown, using the 10/32 x
1-inch screws and #10 splt-lockwashers sup-
plied in the attaching-parts kit

1932 x 1/2 inch
#t0 lockwagher
10032 » V2 ingh #10 Hatwasher
#1( iockwasher
install in & places Installin two places after
. placing the writing surface
irte the console.

L3N0

Install the instruments as follows:

= Unpack the Fraquency Source, and install it in

the lower opening @ of the console.

= Push the Source into the consols until 1 is flush
with the front of the opening.

» Secure the Source using four of the panel

screws supplied in the attaching-pants kit.

= In a like manner, install the Tast Set @ and
Analyzer

u Install the Writing Surface by inserting its rails
into the raif guides @  and pushing in until
its rear is flush with tha front of the console.

Figure 2-2. Unpacking and Assembling the Console (3 of 4)
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# INSTALLATION PREPARATION FOR USE, 360C1 SYSTEM CONSOLE

DETAILA Secure the instruments and Install the intercon-
necting cables, as follows:

m Install the Retainer Clips D on the rear of the
Support Brackets (Detail A} Secure the thres
instrumants. Use 8/32 kept nuts and #8 flat-

washors,
.
;}! ® Install the Conrol @ and Signat @ cables.
- Ensure their retaining clips {Detail B} are un-
locked befora plugging in the connectors, Lock
o the retaining clips over the projecting studs on
L

DETALR the analyzer and test set.

OCK . TONIOCK  m Install the System Bus cable @ . 1 aGPB

; connaction i also required, conned to the
GPIB connactor, below. DO NOT MATE AN
EXTEANAL GPIB CABLE WITH THIS CON-
NECTOR.

od

= Install the EXT & LOCK OUTPUT cable &) .

= Connect the Line Cords on the Analyzer and
Source to the ac receptical,

RETAINING CLIPS

L380121 u Secure the Writing Surface rails to the tapped
hola in each rail guides . Use two 10732 x
1/2-inch screws and #10 split-iockwashers from
the attaching-parts kit.

Figure 2-2. Unpacking and Assembling the Consale (4 of 4)
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PREPARATION FOR USE, 360C2 CABINET

i INSTALLATION

2-4 PREPARATION FOR USE, 360C2
CABINET

The 360 system comes packaged in six boxes-
Preparation for use consists of the following:

1. Inventorying the shipment, including the

attaching-parts kit contained in Box 5.

2. Unpacking the equipment

3. Assembling the cabinet.

4. Installing the system instruments.

5. Cabling the instruments.

6. Checking the line voltage setting; resetting for
the line-voltage value in your area, if ap-
propriate,

Figure 2.3 shows the attaching-parts kit, and Table
2-2 provides a listing of the hardware, Using these
two illustrations, ensure that all of the required
parts are available before beginning the agsembly of
the console. The steps required to assembly the con-
sole are given in the pictorial in Figure 2.4,

Figure 2-8. Attaching Parts Used for Assembling the Cabinet

2-10
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H INSTALLATION PREPARATION FOR USE, 360C1 SYSTEM CONSOLE

Complete the assembly, as follows:

m Install the semirigkd RF output cable D be-
tween the Source and the Test Set.

u Lay the Static Mat onto the Writing Surface.

» Snap the Wrist Strap/Ground Port @ tothe
Static Mat,

w Piug the and of the Wrist Strap into the Wiist
Btrap/Ground Port. Cut the tie wrap and uncoil
the cable,

m Chack the line vollage selting on the rear of the
Anslyzer and Source, H either diffars from the
voltags present in your area, refer to paragraph
2-5 for instructions.

Lo
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PREPARATION FOR USE, 360C2 CABINET

Table 2-2. Listof Attaching Parts, Cabinet

Name Description Part No. Cuantity
@ Cotd lor connecling analyzer and source fo ac bus. 800-279 2
@ Signal cable having BNC {emale conneclors on each end 18in. long. 800-118 1

Used to connect between FM @LOCK ports on source and analyzer.
@ Interconnect cable having GPIB connectors on sach end, 0.5 m long. 2100-5 1
Used to connect analyzer to source.
Interface cabls used 1o connect betwesn CONTROL ports on a0n-281 1
- analyzer and test set.
@ Interface cable used to connact betwean SIGNAL ports on analyzer C33015-2 1
and test set.
@ Grey, decorative screws used to secure the analyzor, lest set, and 800-609 12
source ta tha front panel of the cabinet.
@ Brackst-clip assembly parts, consisting of the following:
Brackaet-clip usad to relain analyzer, test set, and source to ther A33261 &
ear of their individual suppor brackets.
Nut, Kep, 8-32 x 0.343 inch 900-338 12
Washer, #8, Flat, 0.375 inch 900-351 12
AF cable between test set and source. Cable has mals WILTRON K B233e8-2 1

Connactors™ on sach end.

360 OM
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PREPARATION FOR USE, 360C2 CABINET

It INSTALLATION

Step 1

L360020

Remove the cabinet from its shipping container, as
follows:

m Cut the bands @.
m Lift off the top @.

m Remove the cardboard sleeve @ by pulling
straight up and away.

m Remove the packing materials.

Step 2

L360009

Install the instruments as follows;

m Unpack the Test Set, and install it in the lower
opening of the cabinet,

m Push the Test Set into the cabinet until it is
flush with the front of the opening.

® Secure the Test Set using four of the panel
screws supplied in the attaching-parts kit.

m In a like manner, install the Source @ and
Analyzer

Figure 2-4. Unpacking and Assembling the Cabinet (1 of 2)

2-12
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PREFPARATION FOR USE, 360C2 CABINET

Step 3

=
i D
} 4 i
| . lee >
| [
g =i
; i
A —— +F
%”
3 X
s LEA !
- L3;0005

Securs the instruments and install tha intarcon-
necting cablas, as follows:

® Install the Retainer Clips D on the rear of the
Support Brackets, and secure the three instru-
ments. Use 8/32 kept nuts and #8 flatwashars.

M instali the Control @ and Signal @ cabies.

m Install the System Bus cable @ . If a GPIB
connection is alsc required, connect to the
GPIB connector, below. DO NOT MATE AN
EXTERANAL GPIB CABLE WITH THIS CON.
NECTOR.

w Install the EXT & LOCK OUTPUT cable & .

® Connect the Line Cords on the Analyzer and
Source @& tothe ac recaptical.

Complsts the assembly, as follows:

= Install the semirigid RF output cable O be-
tween the Source and the Test Set,

u Chack the ling voltage setting on the rear of the
Analyzer and Source. It sither differs from the
voltage presant in your ares, relar 1o paragraph
2-5 for instructions.

360 OM

Figure 2-4. Unpacking and Assembling the Cabinet (2 of 2)
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CHANGING THE LINE VOLTAGE

il INSTALLATION

25 CHANGING THE LINE VOLTAGE

Line voltage modules are installed on the Analyzer
and Source. These modules provide for setting the
instrument o any of four international line vol-
tages; 100, 115/120, 200, 230/240 Vac. Prior to leav-

ing the factory, the instruments are set to the
proper line voltage for the area for which the instru-
ments are destined. If these settings are incorrect,
refer to Figure 2-7 for instructions on how to change
the line voltage settings.

Changse the swilch setting shown bslow to the othar value (110 or 220) as appropriate.

NOTE

wzmwnﬁmmm?
180V) or higher than 121V
52&2 . gse a vanac brng the line

LINE SELECTION
Analyzer

voltags info the required range.

1. Disconnact the power cord from the voltage selector
module @ and slide the cover @ down to gain ac-
¢ass 10 the tuse compartment.

2. Pulion the FUSE PULL laver @: remove the iine
tuse @ and PCB board &®.

3. Using the example for 115120 Vac below as a
guide, reinsiall the PC board. For the correct instal-
lation of this board, the desired line-volage caliout
should be located:

a. Adjacent to the input recaptacle.
b. Facing toward the BNC connector bank,

4. Push the FUSE PULL lever back 1o its normal posi-
tion and insert a fuse of the propar valus into the
fuse holder. (Fuse values for the vardous line vol-
tagas are shown on the right side of the module.)

o e

)

i
’I

1

1
i rg

PC BOARD INBTALLATION
FOR 1167120 vac OPERATION

Source

Figure 2-5. Changing the Line Voltage Settings for the Analyzer and Source
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GPIB SETUP AND INTERCONNECTION

2-6  GPIBSETUP AND
INTERCONNECTION

The network analyzer system provides automated
microwave measurements via the GPIB, The follow-
ing paragraphs provide information about interface
connections, cable requirements, and the addressing
of the network analyzer.

2-68.1 Interface Connector

Interface between the network analyzer and other
devices on the GPIB is via a 24-wire interface cable,
This cable uses connector shells having two connec-
tor faces. These double-faced connectors allow for the
parallel connection of two or more cables to a single
device.

2-6.2 Cable Length Hestrictions

The GPIB system can accommodate up to 15 instru-
ments at any one time. To achieve design perfor-
mance on the bus, proper timing and voliage level
relationships must be maintained. If either the cable
length between separate instruments or the accumu-
lated cable length between all instruments is too
long, the data and control lines cannot be driven
properly and the system may fail to perform. Cable
length restrictions are as follows:

No more than 15 instruments may be installed on
the bus.

Total accumulative cable length in meters may not
exceed two times the number of bus instruments or
20 meters—whichever is less.

NOTE
For low EMI applications, the GPIB cable
should be a fully shielded type, with well-
grounded metal-shell connectors

2-6.3 GPIB Interconnection

The only interconnection requived for GPIB opera-
tion is between the network analyzer and the con-
troller. This interconnection is via a special GPIB
cable. The WILTRON Part number for such a cable
is 2000-1, -2, or -4 (1, 2, or 4 meters in length),

2-64 GFPIB Address

The network analyzer leaves the factory preset to ad-
dress 6. If a different address is desired, it can be set
from Menu GP7 (refer to Section I, paragraph 3-
8.11 and Figure 3-124)

360 OM

2-8.5 Data Delimiting (CR.-CH/LF Switch)

Data is delimifed on the GPIB by either the ¢arriage
return (CR) ASCII character or both the carriage
return and hne feed (CR/LF) ASCII characters,
Which characier is used depends upon the require-
ments of the system coniroller. Most modern control-
lers ean use either CR or CR/LF, while many older
controllers require one or the other. Consult the con-
troller’s manual for its particalar requirements.

As with the address, you can select which delimiting
character to use from Menu GP7.

2-7 PREPARATION FOR STORAGE
ANDY/OR SHIPMENT

Paragraphs 2-7.1 and 2-7.2 give instructions for
preparing the network analyzer for storage or ship-
ment.

2-7.1 Preparation for Storage

Preparing the network analyzer for storage consists
of cleaning the units, packing the inside with mois-
ture-absorbing dessicant crystals, and storing the
them in a temperature environment that is main-
tained between -40 and +70 degrees centigrade.

2-7.2 Preparation for Shipment

To provide maximum protection against damage in
transit, the network analyzer instruments should be
repackaged in their original shipping containers. If
these containers arve no longer available and the in-
struments are being returned to WILTRON for
repair, advise WILTRON Customer Service; they
will send new shipping ¢ontainers free of charge. In
the event neither of these twe options is possgible, in-
gtructions for packaging and shipment are given
helow,

a. Use a Suitable Container. Obtain a cor-
rupated cardboard carton with a 275-pound test
strength. This carton should have inside dimen-
sions of ne less than six inches larger than the in-
strument dimensions to allow for cushiening,

B. Protect the Instrument. Surround the instrz-
ment with polyethylene sheeting to protect the
finish.

e, Cushion the Instrument. Cushion the instru.
ment on all sides by fightly packing dunnage or

2-15
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i} INSTALLATION

£,

urethane foam between the carten and the in-
strument. Provide at least three inches of dun-
nage on all sides.

Seal the Container. Seal the carton by using
either shipping tape or an industrial stapler.

Address the Container. If the instrument is
being retuimed to WILTRON for service, mark
the WILTRON address and your return address

2-16

on the carton in one or more prominent locations,
For international customers, use the address of
your local representative (see Table 2-3). For
UI.8.A. customers, use the the WILTRON ad-
dress shown below:

WILTRON Company

ATTN: Customer Bervice

490 Jarvis Drive

Morgan Hill, CA 95037-0239,

360 OM
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31 INTRODUCTION

This section provides control panel operating and
measurement spplication information and data, Ibin-
cludes subsections that describe

Basic measurements and how to make them
Instrument operation

Error and status messages

Stored data

Source control

Disk storage/interface

Control panel controls and menus

Rear panel connectors

. Measurement calibration

It also provides discussions on various types of
measurements. These include Smith charts, phase,
low-level, time domain, group delay, and active-
device measurements.

WS ;W

3-2 GENERAL DESCRIPTION

The Model 360 Vector Network Analyzer System
mensures the magnitude and phase characteristics of
networks, such as filters, amplifiers, attenuators,
and antennas. It does so by comparing the incident
signal leaving the analyzer with the signal trans-
mitted through the test device or reflected from its
input eircuit. Figure 3-1 illustrates the types of
measurements that the 360 is capable of making.

The 360 is a self-contained, fully integrated measure-
ment system that includes an optional time domain
capability. The system hardware consists of an
analyzer, a test set, a signal source, and all of the
precision eomponents required for calibration and
performance verification. The 360 system instru-
ments perform the following functions:

a. Signal Source
This instrument provides the stimulus to the
device under test. The frequency range of the
source and test set establish the frequency range
of the system. The 360 provides two ranges:
500 MHz to 18 GHz and 500 MHz to 40 GHz. The
frequency stability of the source is an important
factor in the accuracy (especially phase accuracy)

360 OM

INCIDENT T EST TRANSMITTED

——— DEVICE [~

Gain {dB}

Insartion Loss (dB)

Insertion Phass (degrees)

Transmission Coefliciants (S12, 821}

Separation of Transmission
Components {Real and Imaginary)

Electrical Langth {m)

Elsctrical Delay {s)

Deviation from Linear Phase {dagreas)

Group Delay (s)

IRCGIBENT TEST

—— ] DEVICE -
REFLECTE!

v

Return Loss {dB})

Reflection Coefficients (S11, S22}

Reflaction Coefficients vs Distance
(Fourier Transform)

impadance (R + | X}

SWR

Figure 3-1. Transmission and Reflection Measure-
ments

of the nefwork analyzer. Because of this, the 360

alweys phase locks the source to an internal
10 MHz erystal reference.
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Teul Set

The test set samples the incident, reflected, and
fransmitted signals. The type of test port connse-
tor used is important, as is a feature called “Anto
Reversing,” Auto Reversing means that the
input/output ports on the test device are reversed
automatically. This saves you from having to
reverse the test device physically to measure all
four scattering parameters (5-parameters). Fre-
quency conversion (1st, 2nd, and 3rd IFs) occurs
in the test set,

Analyrer

The analyzer analyzes the 3rd IF signal for phase
and magnitude data. It then displays the resuits
of this analysis on a large (190 mm [7-1/2 inch]
diagonal) color display. This display can show all
four S-parameters simultaneously. In addition to
the installed display, you can also view the
measurement results on an external color
monifor,

INTRODUCTION TO NETWORK
ANALYZERS

We will begin this discussion with a subject familiar
to most WILTRON custamers: scalar network
analysis, After showing comparisons, we will proceed
to the fundamentals of network analyzer terminslogy
and techniques. This discussion serves as an intro-
duction to topics presented in greater detail later in
this section. This discussion will touch on new con-
cepts that include the following:

* Reference Delay

# S-Parameters: what they are and how are they
displayed

# Complex Impedance and Smith Charts

Sealar Analyzer Comparison

Network Analyzers do everything that scalar
analyzers do except display absolute power. In
addition, they add the ability to measure the
phase characteristics of microwave devices and
allow greater dynamic range. If all a Network
Analyzer added was the capability for measuring
phase characteristies, its usefulness would be
limited. While phase measurements are impor-
tant in themselves, it is really the availability of
this phase information that unlocks many new
features for complex measurements, These fea-
ture include Smith Charts, Time Domain, and
Group Delay. Phase information alsc allows
greater accuracy through vector error correction
of the measured signal.

Let us begin our discussion with a familiar sub-
ject, scalar network analyzers (SNAs), SNAs
measure microwave signals by converting them
to a DC voltage using a diode detector (Figure 3-
2). This DC voltage is proportional to the mag-
nitude of the incoming signal. The detection
process, however, ignores any information
regarding the phase of the microwave signal.

SCALAR NETWORK ANALYZERS

MICROWAVE HICROWAVE DETECTOR
BIGNAL DETECTOR OUTPUT
VOLTAGE

il <=1 |

CETECTOR CUTPUT VOLTAGE 1 PROPORTIONAL
IO SIBNAL AMPLITUDE.

350010

Figure 3-2. Scalar Anelyzer Detection

In a network analyzer access is needed to both
the magnitude and phase of a microwave signal,
There are several different ways to perform the
measurement. The method WILTRON emplays
{called Harmonic Sampling or Harmonic Mixing)
is to down-convert the signal to a lower inter.
mediate frequency (IF). This signal can then be
measured direetly by a tuned receiver. The tuned
receiver approach gives the system greater
dynamic range. The system is also much less sen-
gitive to interfering signals, ineluding harmonics.

Yector Nefwork Analyzer Basics
The network analyzer is a tuned receiver (Figure
3-3). The microwave signal is down converted

A NETWORK ANALYZER 15 A TUNED RECEIVER

MICRO- INTERMEDWATE
WAVE ’ \ ——D—'FREOUENCY
SIGNAL {IF)

TUNABLE
LOCAL
QSCILLATOR

# GREATER DYNAMIC RANGE
« LESS SENSITIVITY TO INTERFERING SIGNALS

8001y

Fipure 3-3, Network Analyzer Is a Tuned Receiver
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inte the passband of the IF. To measure the phase
of this signal, we must have a reference to com- REFERENCE TEST
pare it with. If the phase of a signal is 30 degrees, SIGNAL PHASE SIGNAI
it is 90 degrees different from the reference sig- "l DETECTOR
nal (Figure 3-4). The network analyzer would
read thig as 90, since the test signal is delsyed
by 80" with respect to the reference signal. _{m SPUTTER
LONGER |
PHASE MEASUREMENT (ENGTH)
e *
i ; 360014
N
(U\} AEFERENCE Figure 3-6. Split Signal Where a Length of Line
; Replaces the DUT
i
—_— Assume that we are making a measurement at
SIGNAL 1GHz and that the difference in path-length be-
tween the twe signals is exactly 1 wavelength.
TME— sstots This means that test signal is lagging the
reference signal by 360 degrees (Figure 3-7). We

Figure 3-4, Bignals with a 80° Phase Difference

This phase reference can be obtained by splitting
off some of the microwave signal before the
measurement {Figure 3-5). The phase of the
microwave signal after it has passed through the
device under test (DUT) is then compared with
the reference signal. A network analyzer test set
automatically samples the reference signal, so no
external hardware is needed.

AEFERENCE gfsséa
SIGNAL PHASE L
pevecton |°
MICROWAVE
SOURCE
®_,.,_,{ :,:,:; SPLITTER
m
DUT
M

360013

Figure 3-5, Splitting the Microwave Signal

Let us consider for a moment that you remove the
DUT and substitute a length of transmission line
{Figure 3-6), Note that the path length of the test

signal is longer than that of the reference signal. -

Now let us see how this affects our measurement,

360 OM

cannot really tell the difference between one sine
wave maxima and the next (they are all identi-
caly, so the network analyzer would measure a
phage difference of 0 degrees.

Q=

TEST
BIGHAL

REFERENCE

SIGNAL PHASE

"1 DETECTOR

SPLITTER

LONGER BY

ONE WAVELENGTH
LENGTH (360 dagross}

e s e i i e 4

e e

360015

Figure 3-7, Split Signal Where Path Length Differs
by Exactly One Wavelength

Now consider that we make this same measure-
ment at 1.1GHz. The frequency is higher by
10 percent so therefore the wavelength is shorter
by 10 percent. The test signal path length is now
0.1 wavelength longer than that of the reference
signal (Figure 3-8). This test signal is
1.1 X 360 = 396 degrees.

This is 36 degrees different from the phase
measurement at 1(GHz The network analvzer
will display this phase difference as --36 degrees.
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SPLITTER
SAME PATH
LENGTH -BUT -

REFERENCE Efégﬁ
SIGNAL PHASE
BETECTOR

WAVELENGTH
IS NOW SHORTER

LT——

rd

1.1 WAVELENGTHS = 396 degrees

bR

Figure 3-8, Split Signal Where Path Length Differs
by Exactly One Wavelength

Thetest signal at 1.1 GHz is delayed by 36 degrees
more than the test signal at 1GHz.

You can see that if the measurement frequency is
1.2 GHz we will get a reading of -72 degrees,
-108 degrees for 1.3 GHz, ete (Figure 3-9). There
is an electrical delay between the reference and
test signals. For this delay we will use the com-
mon industry term of reference delay. You may
also hear it referred to as phase delay. In older
network analyzers you had to equalize the length
of the reference arm with that of the test arm in
order to make an appropriate measurement of
phase vs frequency.

MEASURED PHASE

+180° —+
+90n~w‘-
112 13 14
0° ——t— FREQUENCY, GH4
80 ° -
-180 ° ~-
36001¥

Figure 3-9, Electrical Dslay

To measure phase on & DUT, we want to remove
this phase-change-vs-frequency-due-to changes
in the electrical length. This will allow us to view
the actual phase characteristics. These charac-
teristics may be much smaller than the phase-
change-dus-to-electrical-length difference.

There are two ways of accomplishing this. The
most sbvious way is to insert a length of line into
the reference signal path to make both paths of
equal length (Figure 3-10). With perfect trans-
mission lines and a perfect splitter, we would
then measure a congtant phase as we change the
frequency. The problem using this appreach is
that we must change the line length with each
measurement setup.

REFERENGE TEST
SIGNAL PHASE SIGNAL
Bt
DETECTOR
MICROWAVE
SOURCE '
@ % SPLITTER
BOTH LINE
LENGTHS
NOW EGUAL
BO01E

Figure 3-10. Split Signal Where the Paths are of
Equal Length

Another approach is io handle the path length
difference in software. Figure 3-11 displays the
phase-vs-frequency of a device. This device has
different effects on the output phase at different
frequencies. Because of these differences, we do
not have g perfectly linear phase response. We
can easily detect this phase deviation by compen-
sating for the linear phase. The size of the phase
difference increases linearly with frequency so
we can modify the phase display to eliminate this
delay.

ws +180° 4

(73

g +50°

= 1112 13 14

g o frodo T FREQUENGY, GHz

@ 00°

§ T 4 SUBTRACT LINEAR

. PHASE FROM

180 - WMEASURED PHASE

0019

Figure 3-11. Phese Difference Increases Linearly
with Changesin Frequency
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The 360 offers automatic reference delay com-
pensation with the push of a button. Figure 3-12
shows the resultant measurement when we com-
pensate path length. In a system application you
can usually correct for length differences;
however, the residual phase characteristics are
critical.

+2 G
Th¥
2 +1°_L
Tz 1.1 1.3 14
% 0° It et —— FREQUENCY, GH
;__:_}l el 1.2
2
: S

350020

Second, we can measure the forward and reverse
transmission characteristics, However, instead
of saying “forward”, “reverse”, “reflection”, and
“tranemission” all of the time, we use a short-
hand. That is all that S-Parameters are, a short~
hand! The “S” stands for scattering. The first
number is the port that the signal is being in-
jected into, while the second is the port that the
signal is leaving. 511, therefore, is the signal
being injected into port 1 relative to the signal
leaving port 1. The four scatlering parameters
(Figure 3-14):

« 511 Forward Reflection

# 521 Forward Transmission

s 522 Reverse Reflection

& 512 Reverse Transmission

Figure 3.12. Resultant Phase With Path Length
Compensation In Place

¢. Network Analyzer Measuremenis

Now let us consider measuring the DUT. Con-
sider & two port device; that is, a device with a
connector on each end. What measurements
would be of interest?

First, we could measure the reflection charae-
teristics at either end with the other end ter-
minated into 50 chms. If we designate one end
as the normal place for the input, that gives a
reference. We can then define the reflection
characteristics from the reference end as for-
ward reflection, and those from the other end as
reverse reflection (Figure 3-13).

PORT 1 PORT 2

FORWARD REVERSE
REFLECTION REFLECTION

350021

521 FORWARD TRANSMISSION

PORT § PORT2

$11 FORWARD 522 REVERSE
HEFLECTION REFLECTION

12 REVERSE TRANSMISSION

Figure 3-13, Forward and Raverse Measurements

380 OM

Figure 3-14. 8-Parameters

5-Parameters can be displayed in many ways.
An S-parameter consists of a magnitude and a
phase. We can display the magnitude in dB, just
like a scalar network analyzer. We often call this
term log magnitude.

We can display phase as “linear phase” (Figure
3-15). As discussed earlier, we can’t tell the dif-
ference between one cycle and the nexi. There-
fore, after going through 360 degrees we are
back to where we began. We can display the
measurement from —180 to +180 degrees. The —
180 to +180 approach ig more common, Ii keeps
the display discontinuity removed from the im-
portant 0 degree area used as the phase
reference,

3-1
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+180°
o
b 0°
I
&

-180 ©

FREQUENCY

M3

Figure 3-15. Linear Phase-With-Frequency
Waveform

There are several ways in which all the informa-
tion can be displayed on one trace. One method is
a polar display (Figure 3-16). The radial
parameter {distance from the center) is mag-
nitude. The rotation around the circle is phase.
We sometimes use polar displays to view trans-
mission measurements, especially on cascaded
devices (devices in series). The transmission
result is the addition of the phase and log mag-
nitude (dB) information of each device’s polar dis-
play.

Joaned

Figure 3-16. Polar DHaplay

As we have discussed, the signal reflected from a
DUT has hoth magnitude and phase. This is be-
cause the impedance of the device has both a
resistive and a reactive term of the form r+jx. We
refer to the “v” as the reaf or resistive term, while
we ¢all “x” the imaginary or reactive term. The"J",
which we sometimes denote as “i,” is an imagi-
nary number. If is the square root of ~1. If x ia
posgitive, the impedance is inductive, ifx is nega-
Live the impedance is capacitive.

! CONTROL PANEL OPERATION

The size and polarity of the reactive component x
is important in impedance matching. The best
match to a complex impedarnce is the complex con-
Jugate. This complex-sounding term simply
means an impedance with the same value of r and
x, but with x of opposite polarity. This term is best
analyzed using a Smith Chart (Figure 3-17),
which is a plot of r and x. We will discuss Smith
Charts in greater detail in paragraph 3-14.

SMITH CHARY

i R TIE

CARACATY

IOO4

Figure 3-17. Smith Chart

To display all the information on a single S-
parameter requires one or two traces, depending
upon format we want, A very common require.
ment is to view forward reflection on a Smith
Chart (one trace) while observing forward trans-
mission in Log Magnitude and Phase {two
traces). Let us see how to accomplish this on the
360,

The 360 has four channels. Each channel can dis-
play a complete S-Parameter in any format on
either one or two traces. All four S-Parameters
can be seen simultaneously in any desired for-
mat. A total of eight traces can be viewed at the
same time, While this is a lot of information to
digest, the 360’s large color display makes recog-
nizing and analyzing the data surprisingly easy.

Another important parameler we can measare
when phase information is available is group
delay. In linear devices, the phase change
through the DUT is linear-with-frequency. Thus,
doubling the frequeney also doubles the phase
change. An important measurement, especially
for communications system users, is the rate of
change of phase-vse-frequency (group delay). If
the rate of phase-change-ve-frequency is not con-
stant, the DUT is nonlinear. This nonlinearity
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ean create distortion in communications systems,
We will discuss this in greater detail in
paragraph 3-17.

Measurement Error Correction
Since we can measure microwave signals in both
magnitude and phase, it is possible to correct for
8ix major error terms:

# Source Test Port Match

# Load Test Port Match

& Direetivity

& Isolation

* Transmission Frequency Response

# Reflection Frequency Response

We can correct for each of these six error terms
in both the forward and reverse directions, hence
the name 12-term error correction. Since 12-term
error correction requires both forward and
reverse measurement information, the test set
must be reversing. “Reversing” means that it
must be able to apply the measurement signal in
either the forward or reverse direction.

To accomplish this error correction, we measure
the magnitude and phase of each error signal
{(Figure 3-18). Magnitude and phase information
appear as avector that is mathematically applied
to the measurement signal. This process is
termed vector error correction. We will discuss
this concept in greater detail in paragraph 3-12,

Test Sets. We will see how well they meet our
measurement needs.

The basic WILTRON Test. Set is called a “Revers-
ing Test Set” (Figure 3-19). It contains an inter-
nal switch to select the direction of the microwave
signal. Each port has a directional device. Any S-
Parameter can be measured and 12-term error
correction can be applied automatically. In fact,
we can mesure all four S-Parameters simul-
taneously and apply a 12-term error correction
to each. Also, with the dedicated synthesized
source, we update the display rapidly enough to
allow real-time tuning of the DUT.

P —
FCRT
FIN DIGOE
a2 FREVERSNG FHOTORNE, G2
wave § SWITCH REV RER., S22
SMIRCS =
o] H
@ i, ] FHD REFL 811 ¥
ol REV TRANS, 812
e
l PORT
LOUPLER I
IBO004

MACGNITUCE AND PHABE OF
EACH ERROR SIGNAL I8 MEASURED

THER THE RESULTANY VECTOR S
APPLIED MATHEMATICALLY, HENCE
NECICR EREQR COBRECTION

Hooe

€.

Figure 3-18. Magnitude and Phase Measurements

Test Sets
We have now learned about reference delay. We
have discussed S-Parameters. We know whal

they are, how Lo measure them, and how to dis-

play them. We have also learned a little about
veetor error correction. Let us now turn to the 360

360 OM

Figure 3-19. WILTRON Reversing Test Sets

Note that the coupler on Port 2 is aligned dif-
ferent from the coupler on Port 1. The through-
line of the Port 2 coupler goes directly into the for-
ward transmission test sampler. There is no cou-
pling-factor loss. This design approach optimizes
the dynamic range of forward-transmission
measurements. Coupling-factor loss is the most
important requirement for large dynamic range
measuremants,

The two Reference Delay Lines (one for each port)
are internal connections, Since the Wiltron sys-
tem always uses a synthesized signal, we can ac-
curately compensate reference delay in software,
While the capability for changing the actual line
length is still present, most people will rarely
need to use it.

The Wiltron 40GHz Test Set {Model 3611) does
not contain internally accessible reference delay
loops. The additional line length would sig-
nificantly affect dynamic range at high frequen-
cies. You can change these internal line lengths.
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The Models 3620 and 3621 Active Device Test

Sets (Figure 3-20) are similar to the two revers- sTER s
ing models. The exception is a third step at- 1 ]3
tenuator located in the forward transmission line ]

Jjust ahead of the sampler. This step attenuator . e D TRANS, 821
provides for measuring devices with output aaye) BwTeH FEV REFL B2 o
powers greater than -10dBm. This additional @ e SRR T E‘
step attenuator can be used to reduce the power - FEVTRANS. 512

into the forward fransmission measurement oo sna -
sampler. Reverse transmission and output match ATTENUATORTEE e
measurements are unaffected by the step at- ey [m}_ }mm’
tenuator. The input match and attenuation of the ETI g
step attenuator is measured and stored with the a0

calibration data during the calibration process. Figure 3-20, WILTRON Active Device Test Sets
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344  GETTING STARTED

This tutorial introduces you to the 360 control panel
and three basic measurement operations. It guides
you through a typical calibration sequence and two
basic network analyzer measurements: transmission
~ and reflection.

341 General
g, Eguipment Needed

360 Network Analyzer
3610 Test Set

3605547 Source

3650 Cal Kit
3670A50-2 Through Cable

b, Initialize the System
Install the system disk and turn the power on,
The 360 automatically performs a self test and
comes on line with the same control panel set-
tings as when exited last.

¢. Backup the System Diskette

1. Remove the system diskette and install a
blank diskette in its place.

2. Press the UTILITY MENU key (Figure 3-21).

SYSTEM STATE

DEFAULT UTILITY
PROGRAR MENU

Figure 3-21. DEFAULT PROGRAM Key
3. Using the MENU cursor and ENTER keys

(Figure 3-22), select the menu options shown
below:

MENU

Figure 3-22, MENU Keys

360 OM

GETTING STARTED

4. Select GENERAL RISK UTILITIES when Menu
U1, Utility Menu appears.

B, Select INITIALIZE DISK WITH PROGRAM
when Menu U2, Disk Utilities Functions ap-
pears,

6. Follow the instructions displayed on the
screen to complete the backup procedure.

d. Load Calibration Kit Data

1. Install the data diskette from the Model 3651,
3652, or 36563 Calibration Kit,

2. Press the UTILITY MENU key.

3, Select CALIBRATION COMPONENT
UTILITIES when Menu UL, Utilities Menu ap-
pears.

4. Select INSTALL CALIBRATION COMPONENT
INFORMATION FROM DISK when Menu 114,
Calibration Component Utilities appears.

5. To ensure that correct calibration data has
been loaded, select DISPLAY INSTALLED
CALIBRAYION COMPONENTY INFORMATION
on Menu U4,

6. Select the appropriate component type
(SMAIM], SMAIF], K-CONNIM], etc.) when
Menu U5, Display Installed Calibration Com-
ponents Information appears,

7. When the Readout Text associated with Menu
U8 appears in the display area of the CRT,
check that the serial number of your Open or
Short device is correct for the component in
your kit

3-42 Full 12 Term Calibration, Precision
Broadband Termination

WILTRON's precision broadband terminations are
the ideal impedance reference for calibrating net-
work analyzers. They are easier to use, more
repeatable, and less expensive than sliding loads.
However, sliding loads , when correctly used and per-
fectly aligned can be more accurate.

a. Connect the Thruline
Install the thru cable, PN 3870A50, to Port 2 on
the Test Set. We will refer to the unterminated
end of this ecable as Port 2 for all calibration and
measurement steps,

3-11
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b. Begin the Calibration
1. Press the DEFAULT PROGRAM key (Figure

3-21).

2. Press the BEGIN CAL key (Figure 3-23),

NOTE
Selecting these menu options
automatically calls the next menu in
the listed sequence,

CALIBRATION

FULL
W 12 TERM

M1 PATH
2 PORT L

W FREQUENGCY
; RESPONSE
m REFLECTION
ONLY
B NONE

APPLY

Figure 3-23. CALIBRATION Keys and Indicators

3.

4.

14,

11.

13
13

14,

3-12

Select FULL 12 TERM when Menu C5, Select
Calibration appears.

Select NORMAL when Menu Cl, Select
Calibration Data Points appears.

Set to 0.5418 GHz when Menu C2, Frequency
Range Of Calibration appears.

. Select CHANGE PORT 1 CONN when Menu

3, Confirm Calibration Parameters appears,

. Belect GPC-7 when menu C4, Select Connec-

tor Type appears.

Select CHANGE PORT 2 CONN when Meny
C3 re appears.

Select GPC-7 when menu C4 reappears.

Select CHANGE LOAD TYPE when Menu C3,
reappears.

Selest BROADBAND LOAD when Menu C8,
Select Load Type appears.

Select START CAL when Menu C3 reappears.

Follow the instructions in each of the upcom-
ing Calibration Sequence menus. Each step
allows you to view the calibration data being
taken and to retake the data if desired. This
saves you from having to repeat the complete
ealibration because of an undetected error—
such as, a poorly mated connection.

When Menu C10, Calibration Sequence Com-
pleted appears, you can choose to store the

calibration data on a disk, You should always
choose to do this; steps 15 thru 19 show you
how.

15. Press the SAVE/RECALL. MENU key (Figure

3-24).

SAVE/
RECALL
MENU

Figure 3-24. SAVE/RECALL MENU Key

15, Select SAVE when Menu SR1, Save/Recall

Front Panel Information appears.

17. Select SAVE CAL DATA AND FRONT PANEL

SETUP ON DISK, when Menu SR2, Recall or
Save appears,

18. Select CREATE NEW FILE, when the GP1-3,

Select File menu appears.

19. Enter CAL 1 and your initials using the knob,

when the Menu GP5, Select Name appears.
When finished, move to DONE and press the
ENTER key. You can assign an 8 character file
name and up to 15 additional spaces for other
information.

¢, Discussion:

During calibration, the 360 automatically

1. Sets the number of points to maximum—501
points,

2. Sets averaging to 128 while the loads are
being measured.

3. Sets the Video IF bandwidth to the REDUCED
value (1 kHz).

NOTE
The above values are default values -
that can be changed through menu
selection.

A lower noise floor can be achieved by reducing
the Video IF bandwidth and averaging several
measurements. However, the default values
have been found to be optimum for providing a
comprimise between a low noise floor and data-
taking speed. Reducing the Video IF bandwidth
eliminates unwanted noise by more closely
tracking the desired frequency. Averaging
several measurements removes random varia-
tions and effectively improves noise floor perfor-
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mance, However, redncing Video IF bandwidth 8. Press the AUTOSCALE key.
d i ing th ber of '
ANC INGTEISING Lhe Mumber of averages tauses 9. Notice the sawtooth pattern of the phase dis-

an increase in sweep time,

Smoothing is not necessary nor desireable
during calibration, since it does not affect the ac-
tual measurement data and will mask any rapid
response variations displayed. This can lead to
a sense of false confidence, both when perform-
ing the calibration and when monitoring the dis-
played calibration data for measurement errors.

8-4.3 Measuring Transmission

Now let us consider the effect of calibration on trans-
mission measurements. Press the APPLY CAL key,
to turn off the calibration. Leave the throughline
connected between Port 1 and Port 2.

Let us look only at S21 (forward transmission). Set
up the 360 for a single display with Log Mag and
Phase using channel 3 and the graph menu, as fol-

lows:

1.

Press the CHANNEL MENU key (Figure 3-25).

MAXIMUM It
SETUP DATA
[gmu] NORUAL B | pomTS
MINIMUM g
[
[ HOLD | | DOMAN Dﬁg-‘*g

ENHANCEMENT
NORKAL It
G ()

MINMUM L
e ."EEE' 5‘%‘%‘* %m

10.

11,

12,

14.

play. This represents the phase shift resulting
from the physical difference in length between
the reference arm and the Sz1 test arm.

Press the APPLY CAL key to apply the calibra-
tion.

Notice that both the magnitude and phase ap-
pear to be flat. The amplitude and phase un-
certainties have been removed from the mag-
nitude measurement. A software phase cor-
rection has been added. It makes the
reference arm and the test arm appear to be
the same length.

The test arm now incudes the same cable used
in the calibration. Therefore, any deviation
from 0 dB magnitude and 0 degree phase con-
stitute the uncertainty of the measurement,
This uncertainty results from random errors
such as connector repeatability. It is depend-
ent on the quality of both the calibration and
the ealibration components.

Press the AUTOSCALE key.

Set averaging for best performance, as fol-

lows:

(a) Press the AVG/SMOOTH MENU key.

(b) Enter 50 from the keypad for the AVERAGING
XXXX MEAS PER POINT option..

{¢) Press the X1 terminator key (Figure 3-26) .

NOTE
Fifty averages typically provide a
good balance between a smoother
waveform and its tradeoff, increased
total measurement time.

.Figure 3-25. CHANNELS, MEASUREMENT,
DISPLAY, and ENHANCEMENT Keys

2«

3.

bl

Select SINGLE DISPLAY when Menu CM,
Select Display Mode appears.

Press the CH3 key.
Press the S PARAMS key.

Select 521 FWD TRANS when Menu 8P,
Select S-Parameter appears.

Press the GRAPH TYPE key.

. Select LOG MAGNITUDE AND PHASE when

Menu GT1, Select Graph Type appears.

360 OM

MHz X1

mg lﬁm

Figure 3-26. X1 Terminator Key

{d) Press the AVERAGE key to enable the Averag-
ing Function,

344 Measuring Reflection

Now let us consider the effect of calibration on reflec.
tion measurements.

1.

Press the APPLY CAL key (Figure 3-22) to dis-
able the calibration,

3-13
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Figure 3.27. CHANNELS, MEASUREMENT,
DISPLAY, and ENHANCEMENT Keys

Remove the throughline.
Connect the broadband Ioad to Port 1,

Set the start frequency te 2 GHz, as follows:

{a) Press the SETUP MENU key .

(b} Change the START frequency to 2 GHz and
press ENTER, when Menu SUT, Sweep
Setup appears.

Set up the 360 to measure Si1 (return loss) as

follows:

(8) Press the CHANNEL MENU key.

(b) Select SINGLE DISPLAY when Menn CM,
Select Display Mode appears.

(¢} Press the S PARAMS key.

{d} Select §11 FWD REFL when Menn 5P, Select

GETTING STARTED #H CONTROL PANEL OPERATION
2. Press the AVERAGE key (Figure 3-27) to dis- S-Parameter appears.
i i (&) Press the CH1 key.
| able the Averaging Function, P the GRAPH TYPE key.
CHANNELS MEASUREMENT | (@) Select LOG MAGNITUDE when Menu GTI,

Select Graph Type appears.

. Press the AUTOSCALE key.
. Using Marker 1 and the Readout Marker fea-

ture, find the worst case return loss as fol-
lows:

MARKERS/LIMITS

Figure 3-28, Marker Keys

{a} Press the MARKER MENU key Figure 3.28,
(b} Place the cursor on MARKER 1 and press the
ENTER key, wher Menu M1, Set Markers ap-

pears.

(c) Press the READOUT MARKER key.

{(d) Choose MARKER TO MAX and press the
ENTER key, when Marker M4, Readoui
Marker appears,

. ‘This ends this tuterial. In later paragraphs,

you will be taken step-by-step through
calibration and measurement procedures.
Calibration is covered in paragraph 3-11,
while measurments start with paragraphs 3-
12.
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INSTRUMENT OPERATION—AN OVERVIEW

3-5 INSTRUMENT OPERATION-AN
OVERVIEW

3-51 Power-Up Characterxistics

When initially turned on {powered up), the 360 comes
on line with the factory-selected default settings. On
subsequent power-ups, it generally returns to the
exact status and display that it was in when powered
down last. (An exception is when the stored control
panel setup data has been lost, then it comes on with
the default settings.)

After coming on line, the 360 executes a self test. It
then attempts to load its operating software from the
installed disk, If unable to do so, it attempts to load
from an internal ROM cartridge. If neither option is
possible, it displays the message: “DISK NOT READY
- PRESS ENTER TO TRY AGAIN.” It then waits for
you to take the appropriate action.

During the self test if the program detects a system
fanlt, it shuts the system down and displays an error
message. (A system fault is one that cceurs in the 360,
the test set, or the source.) If the program detects s
fault in a peripheral deviee {such as the printer), it
does not shut the system down. It only displays an
error message.

3-8.2 Measurement Control

Measurement control is provided through selections
of start, stop, and marker frequencies, as follows:

a. Start and Stop Frequencies
Start and step frequencies must meet the follow-
ing criteria:
1. Be within the range of the frequency source
and test set.

2, Have a span that provides 100 kHz resolution
for the 3608SXX source.

3. Have a start frequency lower than the stop
frequency.

NOTE
You may change the start and stop fre-
quencies after calibration. However,
your new frequencies must fall within
the calibrated ranpe when the calibra-
tion is apphed.

360 OM

b. Marker Frequencies
Ifthere are markers at frequencies other than the
equally spaced set of ealibration frequencies, they
will be readjusted to a calibration frequency.

3.5.3 Data Enhancement

a. Vector Error Correction
The 360 provides software correction for inherent
measurement-setup error terms. Additionally,
you can select software correction for any four
measurements: Frequency Responsge, Reflection
Only, One Path-Two Port, or Full 12-Term.

b. Data Averaging

You can average measurements over time for a
more accurate readout of noisy, rapidly changing
amplitude data. In averaging, you select the
number of points for which you wish averaging
caleulated. The sweep then stops at each frequen-
¢y point and takes that number of readings. The
program then averages the amplitude readings
at that frequency point and writes the average
value on the displayed graph-type. For calibra-
tion, the averaging function defaults to 128. You
may reset it to any other vahue, however.

¢. Smaoaothing

You can smooth (amplitude only) measurement
variations over a frequency span of from 0 te 20
percent of the sweep. The smoothing proeess uses
a raised Hamming window to average the data
from a span of frequencies. For example, in
Figure 3-2¢ if the program averages all data
points from A to B to give peint X, then the
average of all points from A+1 to B+1 is X+1.

A X B

T RN YN e

W0

Figure 3-29.  Example of Smoothing

d. Normalization (Trace Memory)
Normalization means taking data from a stand-
ard component {filter or attenuator, for example),
then later comparing it with another like item. To
normalize data means to add, subtract, multiply,
or divide it by standard dafa taken earlier and
stored in memory. When the measured data
taken from the two components are the same, the

3-1H
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360 displays a straight line. If they differ,
however, it displays the degree of departureofthe
new data from the stored data.

3-5.4 Human Interface

The 360 interfaces with the user through a system of
informative menus coordinated with confrol panel
keys. You are always prompted by the menus to com-
plete an action by pressing one or more keys. If the
key is one of the menu-allowed choices, then the 360
responds in one of the following ways:

# It displays a different menu.

# Tt enters a numeric value,

« It allows a choice in the current menu,
If the key is not one of the above choices, the 360
beeps.

a. Channel Concept
The 360 has four measurement channels that you can
display simultaneously, individually, or in pairs. You
can display a different S-Parameter on each channel.
Or, you can display the same 8-Parameter on one or
more channels. You can control the four channels
separately for some functions and parameters, while
sthers must be the same for all channels. The
parameters that can be different for the different
channels are as follows:

& Graph-Type (Hectilinear, Polar, Or Smith

Chart)

& Amplitade Scales

# Reference Delay Setting

s Normalization Memory

¢ S.Parameters
The parameters that must be the same for all four
channels are as follows:

» Start and Stop Frequencies

¢ Error Correction Type

® Calibration Type And Range

¢ Averaging )

s IF Bandwidth

* Smoothing

# Marker Frequencies, Times, Distances
b, Bisplay of Messages

The 360 displays on-screen text giving error and

sther messages, This text concisely states the

condition causing the message, specifies an ac-

tion needed, or both.

¢, Active Parameter
The active parameter is the only one that you can
change using the Data Entry keys or knob. We
define a parameter as a frequency, time, degree,
distance, or other numeric value that you can
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enter. (You enter a parameter using the keypad
or knob and end it using one of the Terminator
keys [Figure 3-39, Index 111). You open such a
parameter for modification by pointing a menu
cursor at it. That makes it active. You close a
parameter by moving the cursor away from it, Or,
alternatively, you erase or replace the menu.

3.5.5 Stored Daia

The 360 can store conbrol panel setups along with nor-
malization, measurement, and calibration data. The
following is a list of the items saved. (The 360 saves
these parameters for all active channels.)

a, Display Parameters
* Offset
® Resolution
¢ Reference Line
¢ Limits (Enabled, On/Off/Values)
¢ Minimum and Maximum Values
& Sclected S-Parameter
& Display Type
# Active Channel
¢ Display Mode
¢ S-Parameter For Each Channel
« Blank Frequency Display Active, Color Planse
# Reference Delay
& Dielectric Used
# Dislectric Constant
* Normalize Mode
b. Measurement Parameters
& Start of Sweep
* End of Sweep
® Source Power and Attenuator Settings
# Frequency Resolution
® Device-Under-Test ID
¢. Enhancement
e Smoothing Enabled
* Averaging Enabled
* Smoothing % of Sweep
& Number of Points Averaged
s 1F Bandwidth
d. Output
& Type of Cutput
# Options Enabled (Model, Device 1D, Date,
Operator)
® Hesolution
e. Cualibrgtion
* Size
# Prequencies
» Port Connector Types
# Calibration Type
# Correction Type

360 CM




i} CONTROL PANEL OPERATION

f-

i

® Load Type

¢ Capacitance Coefficient for Connector

¢ Connector Offset Length for Each Port
Miscellaneous

¢ Markers (Enabled, On/Off, Values)

¢ Delta Reference Mode

® Marker Frequencies, Times, Distances

# GPIB Addresses and Termination Unit

Disk Identification

¢ Calibration File Name

Conirol Panel Setups

You can store the instrument state (measure-
ment parameters and operating modes) in inter-
nal non-volatile memory or on the installed disk.
You select the storage media using the
SAVE/RECALL MENU key and its related menus.
You can save up to four control panel setups,
along with calibration data, in internal memory
and more on the disk. Additionally, the 360 saves
certain parameters each time you turn it off. It
automatically saves (1) the current control panel
setup, (2) all measurement, display, calibration,
and other parameters and functions. This allows
it to return to its exact same state when powered
up next.

Normalization Memory

The 380 can store up to four channels of nor-
malization data (8-Parameter measurements) in
volatile RAM. To prevent the less of this data
when you turn the system off, you may also save
it to the disk.

Measured Data

You ean also save measured data on the disk. The
360 stores it as ASCl-encoded fext. The format
is the same as that used for the tabular printout.
This feature lets you make a computfer analysis
of the measured data, provided your computer
has a compatible disk drive.

Calibration Data

The 12-term error correction coefficients for each
data point covered by the calibration being saved
are stored as 12 single precision (32-bit real, 32.
bit imaginary) complex numbers. This resultsin
96 bytes per point, or 48 KBytes for a 501 point
calibration.
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External and Peripheral Interfaces

a. Microfioppy Disks

c‘

The 360 employs an integrally mounted disk
drive for 3-1/2 inch microfloppy disks.

GPIB Interface

The 360 has two GPIB interfaces: Source Control
(Master} and System Control (Slave). You can
program each of these interfaces for address,
delimiting character, etc. using a menu. The 360
provides GPIB status in 2 menu.

GPIB Specifications are as follows:

* Interface:

- IEEE-488 standard GPIB.

& Systemn Interfacer IEEE-488 port used ex-
clusively by the 360 to control and extract in-
formation from a Model 3608S3XX frequency
source.

- Addressing: Controller is address = 0 and
source is address = 5. Address are settable
by menu ; for the 3608SXX, it is also settable
from the rear panel.

- Speed: 200 us/bus cycle (device dependent).

- Interface Function codes: SHY, AH1, T8,
TED, L4, LEQ, SR0, RLo, PP, DT0, DCO, C1,
C2, C3, C27.

& 360 GPIB (System Conirol or Slave):

— Interfoce: IEEE-488 standard GPIB.

- System Interface: IEEE-488 portby which an
external controller may take control of the
360. The controller can perform all control
panel operations.

~ Addressing: Defaults to address 6, settable
by menu control.

Parallel Printer Porit

The printer port is compatible with a standard
“Centronics” interface. The 360 has the capability
for an exact pixel-by-pixel dump of the CRT
screen, when used with the WILTRON model
2225C inkjet printer. The output can be any of the
following.

1. Afull-screen dump.

2. Adata-display dump that does not reproduce
the menu.

3. A tabulated listing of the data.
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d. Test Set Control Interface
The Power and Data interfaces use 37-pin “D”
subminiature connectors. The Signal and RF in-
terfaces use 17-pin, 7 coaxial “D” subminiature
connectors.

e. Video Interface
The 360 provides two video ontputs, as follows:

1.

3-18

Composite Monochrome Output. This output
has rear-panel serewdriver adjustments for
relative mix levels of red, green, and blue, You
can adjust the mix to display shades of gray
on an external monitor.

2. Separate R-G-B, TTL Level Outputs. You con-

trol the level using the same adjustment as for
1, above. Additionally, the 360 has positive-
true and negative-true horizontal and vertical
drive signals available. All videos signals are
nominally either TTL levels or 1-volt, zero-to-
peak-into-76-chm levels. The signals appear
on a dedicated 15-pin “D” subminiature cen-
nector mounted on the rear panel. The com-
posite videe is also available on an RCA-type
phono connector.
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MODEL 360 CONTROL PANEL CONTROLS

The 360 control panel controls are shown and described in Figure 3-30.
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LINE ONVOFF: Turns the 360 on and off. When
pressed to ON, the program runs a self test then
recalls the parameters and functions in effect when
powered down last.

GPIB Indicators

REMOTE: Lights when the 380 goes under GPIB
control. K remains lit until the unit returns to local con-
trol.

TALK: Lights when you address the 360 to talk and
remains lit until unaddressed.

LISTEN: Lights when you address the 360 to listen
and remains lit until unaddressed.

SRQ: Lights when the 360 requests service from the
controller (sends out a SRQ). The LED remains it
until the 360 receives a serial poll or until the control-
ler resets the SRQ function.

©

LOCAL LOCKOUT: Lights when a local lockout
message is received. The LED remains it until the
message is rescinded. When lit, you cannot return
the 360 to local control via the front panel.

SAVE/RECALL MENU: Displays the first of three-
menus that let you save the current calibration or
control panel setup or recall a previously saved
calibration or setup.

BEGIN CAL: Calls up the first in a sequence of
menus that guide you through a measurement
calibration. Refer 1o paragraph 3-8.1 for a detailed
discussion of the calibration keys, indicators, and
menus.

CALIBRATION Indicators: Shows the calibration
state of the 360.

APPLY CAL: Turns on and off the applied error cor-
rection displayed by the calibration indicators.

Figure 3-30. Model 360 Control Panel Controls (Sheet 1 of 4)
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MENU: The T key maves the menu cursor up and
the | key moves it down to select batween entries
appearing in the manu area of the CRT.

ENTER: Imploments the menu selection chosen
using tha MENU arrow keys.

ROTARY KNOB: Used to alter measuremsnt
valuss for the active parameter (Start Frequency,
Stop Frequency, Offset, elc).

DISPLAY Keys

GRAPH TYPE: Displays either of two menus that let
you choose the type of display and its s-paramster
that appears for tha active channel,

SET SCALE: Displays the appropriate scaling
meny, based on the type of graph and its 5-
parameter being displayed for the active channel.

AUTO SCALE: Automatically scales the active
channei for optimum viawing.

SASEEENS e ea TR NG SR et et 0N, YNt

W ®@W®

S PARAMS: Displays Menu SP, which lets you
choose between Sy, S12, 821, or Spz. You may dis-
piay the same parameter on two or mora channels,

REF DELAY: Displays the first of two maenus that Ist
you enter a reference-delay In time or distance. For
acorrect distanca readout, you must set the dislectric
constant o the correct value. Refar to the discussion
in Manu RD2 (Figure 3-82).

TRACE MEMORY: Displays amenuthatiets you do
one of the following. {1) Store the measured data in
memery. {2} View the storid data, [3) Add, sublract,
multiply, or divide the measured data from the stored
data {(normalize 1o the stored mamory). (4) View both
the measured and the stored data simultanecusly on
the active channel, Four memories exist—one for
sach channe!. This lats you normalize the data in
each channel independently, The LED on this button
lights only when the active channei is displaying
meastirerneont data normalized 1o mamory,

3-20

Figure 3-30, Model 880 Control Panel Controls {(Bheet 2 of 4)
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@ KEYPAD: Providaes for entering values for the active DISK DRIVE: Provides a drive forthe 3-1/2inch flop-
paramaster. The active paramaeter is the one to which py disk used io store both the operating system and

the menu cursor is pointing. the selected front panel setups and calibrations.

Refer to paragraph 3-6 for a detailed description.
ENHANCEMENT Keys and LED

IF BW: Cycles between NORMAL, REDUCED, and @ QUTPUT Keys
MINIMUM intermediate frequency {IF) bandwidths, ~ MENLU: Displays option menus that let vou define

The appropriate indicator lights to display the what will happen each time you press the START
selected value.

AYG/SMOOTH MENU: Displays a menu that lets
you enter values for AVERAGING and SMOOTH-
ING.

GPTION MENU: Displays a menu showing the
choice of options inslalled. (This Key i8 not active un-
less you have options other than Time Domain in-
stalled)

TRACE SMOOQTH: Turns the trace smoothing fune-
tion on and off.

AVERAGE: Turns the averaging function on and off.

@ Terminator Keys
GHz/10%us/m: Torminates a value antered on the

keypad in the units shown—that is; gigahenz for fre-
guency, 1X1 o° power for dimensionless or argle
entries, microseconds for time, of msters for length.
MHz/X1/ns/em: Terminates a value entered on the
keypad in the units shawn-that is; megahenz forfre-
gquency, unity for dimensionless or angls sntrips,
nanoseconds for tims, or centimeters for length.
KHz/107% ps/mm: Terminates a value entared on
the keypad in the units shown—ithat is; kiloheriz for
fraguency, 1X10~° powar for dimansioniass or angle
antries, picoseconds for tima, or millimeters for
length,

CLEAR/RET LOC:

a. Local (Non-GPIB) Modea: (1) The key clears

antries not yet terminated by one of the terminator
keys above, which allows the previously dis-
played values to redisplay. Or {2) the key turns
off the displayed menu, if you have not made any
kaypad eniries needing termination.
GPIB Mods: The key returns the instrument to
local (control panal) contrel, untess the controller
has sent a local lockout message {(LLO) aver the
bus.

PRINT key. The displayed menu also selecls disk
0 operations,

START PRINT;: Tells tha printer or plotterto start out-
put based on the current salactions or plofting.

STOP PRINT: Immoedialely stops printing the data,
clears the print bufier, and sends a torm-eed com-
mand to the printer. However, il the printer is not then
printing data, the key only sends a form-{eed com-
mand,

MEASUREMENT Keys and LED
SETUP MENU: Displays the first of three menyus that
let you enter start/stop frequencies, source power,
and aftenuation valuss.

DEVICE 1D: Displays a menu asking you to name
the test device.

DATA POINTS: Cycles betwoon maximurn, rormal,
and minimum resclution values. The appropriate
MAXIMUM, NORMAL, or MINIMUM switch indicator
lights to display the selected value.

DOMAIN: Displays the firet of the menus that lstyou
set the Time Domain display parameters, (This key
is only active if you have the Time Domain option.)

(1) If already in the DOMAIN menus, pressing this
key will return 1o the first menu in the sequancs,

(2) 1 in the DOMAIN menus and another (non-lime
domain) menu is displayed by pushing a manu
key, the last displayed time domain menu
redisplays whan the DOMAIN key is next
pressed,

HOLD: Toggies the instrument in and out of the hold
maoda or triggers a sweep, depending on the function
sslected in menu SU4,

Figure 3-30. Model 360 Control Panel Controls (Bheet 3 of 4)
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calibration setup data, unless they have been
saved fo disk,
UTILITY MENU: Displays the first in a series of
menus that let you perform diskette and other ulility-
iype functions and operations.

MARKERS/LIMITS Keys
MARKER MENU: Displays the first in a series of

menus that let you set and manipulate marker fre-
quencies, times, and distances.

HEADOUT MARKER: Displays a menu that lists all
of the active markers. § no markers are active, the
massage ‘NO ACTIVE MARKERS" displays for four
saconds in the message area of the screen.

e e S e

H @O OO0 O O B

SYSTEM STATE Keys
< DEFAULT PROGRAM: Resets the control pans! to
the factory-preset state and displays Menu SUH{.

LEMITS: Displays one of the menus that let you
manipulate the Limit 1 and Limit 2 lines displayed on
the CRT.

CHANNELS Keys
CHANNEL MENU:Displays a menu that lets vou dis-
play format for the channels,

CH 1:Makes Channel 1 the astive channel. The ac-
fiva channel is the one acted on by the keys in the
DISPLAY section. Only one channel can be active af
any one timea.

CH 2: Makes Channsl 2 the active channgl,

©H 3; Makes Channel 3 the active channel.

CH 4: Makes Channel 4 the active channel.

CHT Display: Displays any or all of the four
measurement channsls.

Figure 3-30. Model 360 Control Panel Controls (Sheet 4 of 4)
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CALIBRATION KEY AND MENUS

3-6.1 CALIBRATION Keys and Indicators

(Figure 3-31)

CALIBRATION

FULL
W12 TERM
1 PATH

®
BEGIN ®2 PORT APPLY

FREQUENCY
CAL M RESPONSE CAL

m REFLECTION
ONLY

W NONE

Figure 3-31. CALIBRATION Keys and Indicators

BEGIN CAL Key

This key displays a menu that lets you initiate
the calibration sequence. That is, to begin a se-
quence of steps that corrects for errors inherent
in a 2-port measurement setup.

APPLY CAL Key

This key turns on and off the error correction that
you may apply to the displayed channel(s) using
the currently valid error-correction indicator.

CALIBRATION Indicators

FULL 12 TERM: You have corrected for all twelve
error terms associated with a two-port measure-
ment (Figure 3-32).

360 OM

NOTE

Choosingthis calibration in Menu C5
corrects for all possible measurement
error terms.

1 PATH, 2 PORT: You have corrected for the four
forward-direction error terms (Epr, Esr, ERF,
and ETr).

FREQ RESPONSE: You have corrected for one or
both of the forward-direction error terms as-
sociated with a measurement of 811 and Sz21, This
is a subset of the 12-term calibration.

REFLECTION ONLY: You have corrected for the
three error terms associated with an Siu1
measurement (EpF, EsF, and ErF). This is a sub-
set of the 12-term calibration.

NONE: No calibration data currently exists.

3-6.2 Calibration Menus

Measurement calibration is aided by the step-by-step
procedures contained in the calibration menus.
Figure 3-33 provides a flowchart describing the
calibration sequence. Figures 3-34 thru 3-52 describe
the calibration menus.
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Figure 3-32. Error Models
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CALIBRATION KEY AND MENUS
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MENU DESCRIPTION
SELECT
CALIBRATION
DATA POINTS
NORMAL Selects the standard calibration from a start to a stop frequency that
{501 POINTS provides for up to 501 equally spaced{except the last ) points of data for
MAXIMUM} the defined frequency range. A flowchart of the calibration sequence is
shown in Figure 3-40.
CW. Selects the single frequency (C.W.) calibration sequence that provides
{1 POINT) for 1 data point at a selected frequency.
N-DISCRETE Selects the discrete frequency calibration mode that lets you input a hst
FREQUENCIES of up to 501 individual data point frequencies.
(2 TO 501
POINTS)
TIME DOMAIN Selects the calibration mode for low-pass time-domain processing.
{HARMONIC)
PRESS <ENTER> Pressing the ENTER key implements your selection.
TO SELECT

360 OM

Figure 3.34. Menu Cl, Select Calibration Dats Peints
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MENU
FREGQ RANGE OF
CALIBRATION
START Enter the sweep-start frequency for calibration. If you desire, you can
XX XXXXGHz change this frequency for your meaurement when you reach Menu SU1,
which follows the final calibration menu. The only restriction is that
your start measurement frequency be greater than or equal to your start
calibration frequency.
ETOP Enter the sweep-stop frequency for calibration. Like the start frequen-
XX KKKXK GHz ¢y, this too can be changed for your measurement, The stop frequency
must be lower than or equal to your stop calibration frequency. In other
words, your measurement frequency span must be equal to or smaller
than your ealibration frequency span.
XXX DATA PTS The program automatically sets the step size, based on the selected start
USING ABOVE and stop frequencies. The step size will be the smallesat possible (largest
START AND STOP number of points up to a mazimum of 501), based on the chosen
XAX X MHz frequency span.
STEP SIZE
NEXT CAL STEP Displays the next menu in the calibration sequence.
PRESS «ENTER> Pressing the ENTER key implements your menu selection.
TO SELECT

Figure 3-38. Menu €2, Frequency Range of Calibration
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MENU DESCRIPTION
INSERT
INDIVIDUAL
FREQUENCIES
INPUT A FREQ
PRESS <ENTER>
TO INSERT
NEXT FREQ. Move the cursor here and enter the next frequency for which you wish
KA IO XKNK GHz calibration data taken, If the AUTQ INCR option is ON, pressing ENTER
automatically inecrements the calibration frequency by the interval in
GHz that appears the option,
XXX FREQS. Shows the number of frequencies that you have entered and reports the
ENTERED, value of the last frequency entered.
LAST FREQ WAS

XXX XXK GHz

AUTO INCR ON (OFF) | Move the cursor here and press ENTER to switeh the Auto-Increment

WA XXAKXXK GHz mode on or off. If AUTO INCR is on, you may enter the frequency spac-
ing.
PREVIOUS MENU Digplays C2D Menu.,
PRESS <ENTER»> Pressing ENTER will cause actions as described above.
TO SELECT
OR TURN ON/OFF

Figure 3-36. Menu C24, Insert Individual Frequencies
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MENU DESCRIPTION

SINGLE POINT
CALIBRATION

C.W. FREG Move cursor here and enter the frequency for which calibration is to be
XHXXXXAX GHz done.

FINISHED Move cursor here ang press ENTER when finished.
ENTRY, NEXT

CAL STEP

INPUT FREQ AND Input the frequency value and press the ENTER key
PRESS <ENTER>

TO SELECT

Figure 3-37, Menu C2B, Single Point Cslibration

MENU DESCRIPTION

CALIBRATION
RANGE

HARMONIC CAL
FOR
TIME DOMAIN

START (STEPR) Move cursor here to enter the desired start frequency. This frequency
XX XXAXKK GHz also will be used as the frequency increment,

APPROX STCP Move the cursor here to enter the approximate desired stop frequency.
XX XXXXKX GHz The frequency will be adjusted to the nearest harmonic multiple of the
. start frequency.

USING ABOVE The program automatically indicates the number of data points and the
START AND STOP true tharmonic) stop frequency,
WILL RESULT IN
XXX DATA
POINTS AND

XX XLXKKXX GHz
TRUE STOP

NEXT CAL STEP Move the cursor here and press ENTER when finished.

PRESS <ENTER>
TG SELECT

Figure 3-38, Menu C2C, Calibration Range—Harmaonic Cal for Time Damain

3-28 360 OM




i CONTROL PANEL OPERATION CALIBRATION KEY AND MERUS
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MENU DESCRIPTION

FILL. FREQUENCY
RANGES

INPUT START, This menu is used to create one or more ranges of discrete equally
INCR, POINTS, spaced frequency poinis for calibration.

THEN SELECT
“FILL. RANGE™

START FREQ Enter the first frequency of the range.
0.5000 GHz

INCREMENT Enter the increment (step size) between one frequency and the next.
0.1004GHz

NUM OF PTS Enter the number of frequency peints in the range.
82 POINTS

STOP FREQ
XX XXXX GHz

FILL RANGE Moving the cursor here and pressing ENTER fills the range and shows
(ENTERED} the number of frequencies selected (in NUM OF PTS above),
82 FREQS

INSERT Calls Menu C2A, which allows you to set the individual frequencies,
INDIVIDUAL

FREQUENCIES

FINISHED Calls Menu €3, the next menu in the calibration sequence,
ENTRIES, NEXT

CAL STEP

PRESS <ENTER> Pressing the ENTER key implements your menu selection.
TO SELECT

Figure 3-39, Menu C2D, Fill Frequency Ranges
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MENU DESCRIPTION
CONFIRM

CALIBRATION

PARAMETERS
PORT 1 CONN: Displays the connector type for which the calibration is set to correct.
SMA{M) This should agree with the connector type that both your calibration

components and the test device mate with, ,
PORT 2 CONN :
SMA (F)
LOAD TYPE Displays the type of load (termination} that vou will use in the ealibra-
{(BROADBAND) tion. If you wish a different type, press the ENTER key to display Menu
C4).
CHANGE Move cursor to appropriate line and press ENTER {0 change connector
PORT 1 CONN type.
CHANGE Move eursor to appropriate line and press ENTER to change connector
PORT 2 CONN type.
CHANGE Move cursor to appropriate line and press ENTER to change load type.
LOAD TYPE
START CAL Starts the calibration sequence.
FRESS «ENTER: Pressing the ENTER key implements your menu selection.
TO SELECT

3-30

Figure 3-40. Menu C3, Confirm Calibration Parameters
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MENU DESCRIPTION
CONFIRM Used with Offset Short Coaxial Calibration.
CALIBRATION
PARAMETERS
LOAD TYPE: Displays the type of load {termination) that you will use in the
HAXOHAXKX calibration.
CHANGE Allows you te change the type of load that you will use for the
LOAD TYPE measurement.
CHANGE Allows you to change the offset lengths of the shorts for offset short
OFFSET calibration.
LENGTHS
{SHORTS)
START CAL Starts the calibration sequence.
PRESS <ENTER> Pressing the ENTER key implements your menu selection.
TO SELECT

360 OM

ﬁigure 8-40A. Menu C3A, Confirm Calibration Parameters 1
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MENU DESCRIPTION
CONFIRM Used with Waveguide Cal.

CALIBRATION

PARAMETERS
WAVEGUIDE Move cursor to this line and enter the cutoff frequency of the type of
CUTOFF FREG waveguide in use.
XA XXXX GHz
CUTOFF MUST
BE LESS THAN
CALIBRATION
START FREQ
LOAD TYPE: Displays the type of load {(termination) that you will use in the
XXXKXXKXK calibration.
CHANGE Allows you to change the type of load that you will use for the
LCAD TYPE measurement.
CHANGE Move the cursor to this line and press ENTER to change the offset
OFFSET lengths of the shorts used for waveguide calibration.
LENGTHS
{SHORTS)
START CAL Starts the calibration sequence.
PRESS <ENTER> Pressing the ENTER key implements your menu selection,

TO SELECT

3-30B

Figure 3-40B. Menu C3B, Confirm Calibration Paramsters 2
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MENU DESCRIPTION
CONFIRM Used with Microstrip Calibration
CALIBRATION
PARAMETERS
LOAD TYPE: Displays the type of load {termination) that you will use in the
HOGOXKX calibration.
CHANGE ‘ Allows you to change the type of load that you will use for the
LOAD TYPE measurement.
CHANGE Move cursor to this line and press ENTER to change microstrip
MICROSTRIP parameters,
PARAMETERS
CHANGE Move the cursor to this line and press ENTER to change the offset
OFFSET lengths of the shorts used for microstrip calibration.
LENGTHS
{SHORTS)
START CAL Starts the calibration sequence,
PRESS <ENTER> Pressing the ENTER key implements your menu selection,
TO SELECT

Figure 3-40C. Menu C3C, Confirm Calibration Parameters 8

360 OM 3.30C




CALIBRATION KEYS & MENUS

I CONTROL PANEL OPERATION

MENU DESCRIPTION
CONFIRM Used for Microstrip Calibration

CALIBRATION

PARAMETERS
PORT 1 CONN. Displays the connector type for which the calibration is set to correct.

b 49,4944 This should agree with the connector type that both your calibration

components and the test device mate with, .

PORT 2 CONN. Same as sbove.

KAKAKX
LOAD TYPE: Displays the type of load {termination) that you will use in the
XIOAXXAX calibration.
CHANGE Allows you to change the Port 1 connector type.
PORT 1 CONN
CHANGE Allows you to change the Port 2 connector type.
PORT 2 CONN
CHANGE Allows you to change the type of load that you will use for the
LOAD TYPE measurement,
CHANGE Allows you to change microstrip parameters.
MICROSTRIP
PARAMETERS
START CAL Starts the calibration sequence.
PRESS <ENTEH: Pressing the ENTER key implements your menu selection.

TO SELECT

3-30D

Figure 3-40D. Menu C3D, Confirm Calibration Parameters 4
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CALIBRATION KEY AND MENUS

K-GONNECTOR (M}
K-CONNECTOR (F)

MENU DESCRIPTION
SELECT PORTtor2
CONNECTOR TYPE
SMA (M) Applies the four capacitance-coefficient values to the Open that are
SMA (R needed to correct for an SMA ¢connector being installed on the test device,

Refer to paragraph 3-11.4, “Using Calibration Standards,” for a discus-
sion on this topic.

Same as above, except for K Connector.

TYPE N (M) Same as above, except for Type-N connector,
TYPE N (F)
GPC-7 Same as above, except for GPC-7 connector.
OTHER Calls Menu C12, which allow you to specify the connector coefficients.
PRESS <ENTER> Pressing the ENTER key implements your menu selection.
TO SELECT
Figure 3-41. Menu C4, Select Connector Type
MENU DESCRIPTION
SELECT
CALIBRATION
TYPE

KEEP EXISTING Keeps the existing calibration data, then exits the calibration sequence
CAL DATA by calling up Menu C13.

FULL 12-TERM

Correets for error terms ETF, ETR, ERF, ERR, EDF, EDR, EXF, EXR,
ESF, ESR, ELF, and ELR (Figure 3-39), which are all of the error-terms
associated with a two-port measurement. Refer to paragraph 3-11.1,
“Explaining Measurement Accuracy,” for a detailed decussion of these
error terms,

1 PATH Corrects for forward-direction error terms ETFE, ERF, EDF, and ESF.

2 PORT

FREGUENCY Corrects for forward-direction error ferms ERF, and EDF. These provide
RESPONSE ONLY a frequency-response-only correction for Port 1.

REFLECTION Corrects for forward-direction error terms ERF, EDF, and ESF. These

ONLY (PORT 1)

PRESS <ENTER>
TO SELECT

provide a reflection-only correction for Porf 1,

Pressing the ENTER key implements your menu selection.

Figure 3-42, Menu C5, Select Calibration Type
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MENU DESCRIPTION
SELECT
FREQUENCY
RESPONSE TYPE
TRANSMISSION For the calibration-correction of the fransmission-only frequency-
response error ferm.
REFLECTION For the calibration-correction of the reflection-only frequency-response
error term.
BOTH For the calibration-correction of both transmission and reflection fre-
guency-response error terms.
PRESS <ENTER> Pressing the ENTER key implements your selection.
TO SELECT

Figure 3-43. Menu C5A, Select Frequency Response Type

MENU DESCRIPTION

SELECT
TYPE OF LOAD

BROADBAND Selects calibration based on the broadband load being used.
FIXED LOAD

SLIDING LOAD Selects calibration based on the sliding load being used. If your low-end

(FREQS BELOW frequency is below 2 GHz, a fixed broadband load is also required.
2 GHz ALSO

REQUIRE FIXED
BROADBAND LOAD)

PRESS <ENTER> Pressing the ENTER key implements your menu selection.
TO SELECT

Figure 3-44. Menu C8, Select Load Type
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MENU DESCRIPTION

CALIBRATION
SEQUENCE

CONNECT
CALIBRATION
DEVICES:

PORT 1: Connect the required component to Port 1.
) $.6.0.0.6.0.60.6.0.04

PORT 2: Connect the required component to Port 2.
TOCXKHAAXAX KX

Figure 3-45, Menu C7-Series, Begin Calibration Sequence

MENU DESCRIPTION
CALIBRATION
SEQUENCE
SLIDE LOAD Slide the load to the next position, then press the ENTER key. Moving
TO POSITION X the slide to six different positions provides sufficient data for the

program to accurately calculate the effective directivity of the system

Figure 3-46. Menu C8, Slide Load to Position X
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Tha Calibration Sequence consists of several menus, similar in structure but ditferent in content. The con-
tert differs only in the type of device {load, open, or short]) the menus say fo connect to poris 1 and 2. The
menus automatically appsar in a sequence basad on choices made elsewhers In the calibration-menu series,
For purposes of this discussion, we will call the menus C7A thru L. Each menu will specify a type of device
to be connected to ports t and 2 (Table A), and sach will provide a procedural message {one of the three

typas shown in Table B).

Table A
MENY PORT 1 DEVICE PORT 2 DEVICE
GC74A BROADRAND LOAD BROADBAND LOAD
G7B SLIDING LOCAD BROADBAND LOCAD
Cc7¢C SLIDING LGAD INACTIVE
C7D BROADBAND LOAD INACTIVE
C7E BROADBAND LOAD SLIDING LOAD
C7F BROADBAND LOAD BROADBAND LOAD
CrG OPEM SHORT
G7H SHORT OPEN
C7l BROADBAND LOAD INAGTIVE
c7J OPEN INACTIVE
C7K SHORT INACTIVE
c7L BROADBAND LOAD BROADBAND LOAD
C7M SHORT 1 SHORT 2
C7N SHORT 2 SHORT 1
c70 SHORT 1 INACTIVE
C7F SHORT 2 INACTIVE
Table B
MESSAGE A MESSAGE B MESSAGE C
PRESS <ENTER: MEASURING. | | PRESS <ENTER>
TO MEASURE FOR NEXT
DEVICE(S) PRESS <CLEAR> CAL STEP
TO RESTART O
MEASUREMENT PRESS LEARS
TG REMEASURE
Calibration Sequence Flowchart
MENU C7A NEXT
{Calibration ey DEVICE MESSAGE
Setup} SET A
SWEEP(S)
ENTER COMPLETED ENTER
{Sequence
Completed) + MESSAGE MESSAGE
G B
CLEAR CLEAR
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Figare 347, Calibration Sequence Messages and Flowchart
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MENU DESCRIPTION

CALIBRATION
SEQUENCE

CONNECT Connect Ports 1 and 2 together using the Throughline cable
THROUGHLINE
BETWEEN
TEST PORTS

Figure 3-48. Menu C9, Connect Throughline

MENU DESCRIPTION
CALIBRATION
SEQUENCE
COMPLETED
PRESS Pressing the SAVE/RECALL MENU Key displays Menu SR that lets you
<SAVE/RECALL> save your calibration data onto a disk or recall previously saved calibra-
TO STORE CAL tion data from a disk. While this menu provides a convenient point at
DATA ON DISK which to save the calibration data, it is not the only point allowed. You
can use the SAVE/RECALL MENU key at any point in the measurment
OR program.
PRESS <ENTER> Pressing the ENTER key implements your menu selection.
TO PROCEED

Figure 3-49. Menu C10, Calibration Sequence Completed
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CALIBRATION KEYS & MENUS

i CONTROL PANEL OPERATION

MENU DESCRIFTION
BEGIN CAL
KEEP EXISTING Keeps the existing calibration data.
CAL DATA
REPEAT Repeats the previous calibration,
PREVIOUS CAL
CAL METHOD: Displays the calibration method that you have selected (12-term; 1-path,
HAHRXX 2 port; frequency response; reflection only.
TRANSMISSION Indicates type of transmission line currently selected, e.g. coaxial,
LINE TYPE: waveguide, microstrip.
OOOXKXX
CHANGE Allows you to change the calibration method.
CAL METHOD
CHANGE Allows you to change the transmission line type.
TRANSMISSION
LINE TYPE
NEXT CAL STEP Selects the next calibration step.
PRESS <ENTER> Pressing the ENTER key implements your menu selection,
TO SELECT

3-36

ﬁigum 8-49A. Menu €11, ﬁagm Calibration
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MENU DESCRIPTION
SELECT
TRANSMISSION
LINE TYPE
COAXIAL Selects coaxial cable as the transmission type.
WAVEGUIDE Selects waveguide as the transmission type.
MICROSTRIFP Selects microstrip as the transmission type.
PRESS <ENTER>» Pressing the ENTER key implements your menu selection.
TO SELECT

T*‘ignre 3-40B. Menu C114, Select Transmission Line ’T‘ype

MENU BESCRIPTION
f‘,—_\
SELECT
CAL METHQD
STANDARD [ ] This eption and the ones below allow you to select the method {proce-
{NOT USED FOR dure} to be used to calibrate. This metheod is independent of the calibra-
WAVEGUIDE) tion type, which may be 12 term, reflection only ete.
OFFSET SHORT
LRL CAL
PRESS <ENTER» Pressing the ENTER key implements your menu seleetion,
TO SELECT
Figure 3-49C. Menu C11B, Select Calibration Method
—
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MENU DESCRIPTION
SELECT
WAVEGUIDE
KITTO USE
- INSTALLED - The lines below indicate the characteristics of the installed waveguide

calibration kit, if applicable.

IDENTIFIER: Displays the type of waveguide used.

KEXX
CUTOFF FREQ: Displays the entoff frequency of the waveguide.

XX XXK mm
SHORT 1 Displays the length of the first calibration short.

XXX XXX mm
SHORTY 2. Displays the length of the second calibration short.

KA XXX mm

USE INSTALLED Move the cursor to this line and press ENTER fo use the displayed kit.

KIT
OTHER Move the cursor to this line and press ENTER to modify the parameters.
PRESS <ENTER= Pressing the ENTER key implements your menu selection.
TO SELECT

Figure 3-49I). Menu C11C, Select Waveguide Kit to Use
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MENU DESCRIPTION

OPEN DEVICE device.

ENTER THE
CAPACITANCE
COEFFICIENTS

TERM 1-CH Enter the term 1 ecefficient value.
+ XXX XXXe- 15

TERM 2-C1 Enter the term 2 coefficient value.
+ XUX XXX e - 27

TERM 3-C2 Enter the term 3 coefficient value.
XX XXK & - 36

TERM 3-C3 Enter the term 3 coefficient value,
HXAA XX g - 45

ENTER THE Enter the offset length value needed to correct for your Open device
OFFSET LENGTH

OFFSET LENGTH
EXAXXX mm

PRESS <ENTER> Pressing the ENTER key implements your menu selection
WHEN COMPLETE

PORT10R 2 Enter the capacitance-coefficient values needed to correct for your Open

Figure 3-530, Menu C12, Enster the Capacitance Coefficients for Open Devices

MENU . DESCRIPTION

PORT 2
SHORT DEVICE

ENTER THE Enter the length that the Short is offset from the reference plane.
OFFSET LENGTH

OFFSET LENGTH
T XXX XXX mm

PRESS <ENTER»> Pressing the ENTER key implements your menu selection.
WHEN COMPLETE

Figure 3-51. Menu C12A, Enter the Offset Length

360 OM
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MENU DESCRIPTION
EXISTING Retaing the existing calibration data in memory. At the end of three
CALIBRATION saconds, the appropriate measurement setup menu appears,
KEPT

Figare 3-52. Menu C13, Existing Calibration Kept

MENU DESCRIPTION

ENTER
OFFSET LENGTHS
(SHORTS)

-PORT 1 -

SHORT 1 Enter the length that Short 1 is offset from the reference plane.
XXXXKXX mm

SHORT 2 Enter the length that Short 2 is offset from the reference plane.
XXHXXX mm

IF USING ONLY
TWO SHORTS
PORT 2 OFFSETS
SHOULD EQUAL
PORT 1 QFFSETS

PRESS <ENTER> Pressing the ENTER key implements your menu selection.
WHEN COMPLETE

W 3-52A. Menu 514, Enter Offset Lengths (Shorts)

=

3-38 360 OM




il CONTROL PANEL OPERATION CALIBRATION KEYS & MENUS
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MENU DESCRIPTION
ENTER
WAVEGUIDE
PARAMETERS
WAVEGUIDE Move the cursor to this line and enter the cutoff frequency of the
CUTOFF FREQ waveguide you are using.
XX XXXX GHz
OFFSET LENGTH Move the cursor to this line and enter the offset length of Short 1.
OF SHORT 1
XXX XXX mim
OFFSET LENGTH Move the cursor to this line and enter the offset length of Short 2,
OF SHORT2
XXX XXX mm
PHESS <ENTER> Pressing the ENTER key implements your menu selection.
WHEN COMPLETE
Figure 8.52B. Menu C15, Enter Waveguide Parameters
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MENU DESCRIPTION
ENTER
MICROSTRIP
PARAMETERS
WIDTH OF Move the cursor to this line and enter the width of the microstrip you
3TRIP are using.
XAXXXX mm
THICKNESS OF Move the cursor to this line and enter the thickness of the substrate you
SUBSTRATE are using.
XXK XXX mm
SUBSTRATE Move the cursor to this line and enter the dielectric type of the substrate
DIELECTRIC you are using.
XXXRXX
EFFECTIVE Displays the dielectric constant of the microstrip.
DIELECTRIC
XAXHKXX
ZC Displays the characteristic impedance of the microstrip.
XXKXXX 2
PRESS <ENTER> Pressing the ENTER key implements yvour menu selection.
WHEN COMPLETE

Figure 3.521. Menu C1 6, Fnter Microstrip Parameters
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SAVE/RECALL KEY AND MENUS

3.6.3 SAVE/RECALL MENU Key And Menus
(Figure 3-53)

Pressing this buiton displays the first of four menus
(Figures 3-54 and 3-57) that allow you te save or
reeall control panel setups and ealibration data.

SAVE/
RECALL
MENU

Figure 3-53, SAVE/RECALL MENU Key

MENU TEXT DESCRIPTION
SAVE/RECALL
FRONT PANEL
INFORMATION
SAVE Displays Menu SR2, which asks you to select a storage location—inter-
RECALL nal memory or disk.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The memu
TO SELECT remains on the screen until another menu is selected for display or until
FUNCTION the CLEAR/RET LOC key is pressed.
Figure 3-54. Menu 5R1, Save/Recall Front Panel Information
MENU TEXT DESCRIPTION
RECALL {or SAVE)
FRONT PANEL Calls Menu SKE3, which lets you save the control panel setupinto or recalls
SETUP IN it from internal memory.
INTERNAL
MEMORY
CAL DATA Saves the cahbration data and control panel setup onto the disk or recalls
AND FRONT them from the disk. This selection displays Menu DSK9(recall) or DSK11,
PANEL SETUP and GP1-3(save) which asks you to select a disk file.
ON DISK
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed,

360 OM

Figure 3-55. Menu 8R2, Recall or Save
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i CONTROL PANEL OPERATION

MENU DESCRIPTICN
SAVE TO
INTERNAL
MEMORY
MEMORY 1 Causes the current control (front) panel setup to be saved to memory loca-
tion 1,
MEMORY 2 Same as above, except the setup saves to memory location 2,
MEMORY 3 Same as above, except the setup saves to memory location 3
MEMORY 4 Same as above, except the setup saves to memory location 4
PRESS <ENTER> You may press the ENTER key or use the keypad to implement your menu
TG SELECT selection. The menu remains on the screenuntil another menu is selected
OR for display or until the CLEAR/RET LOC key is pressed.
USE KEYPAD
Figure 3-56. Menu SR3, Save to Internal Memory
MENU DESCRIPTION
WARNING
INTERNAL ‘Warns that the setup you are attempting to recall is not compatible with
MEMORY the calibration data stored in memory.
DOES NOT
MATCH
CURRENT
CAL SETUP
CONTINUING Recalling the setup in question will desiroy the calibration data stored in
RECALLWILL memory,
DESTROY
CURRENT CAL
PRESS <ENTER> Pressing the ENTER key recalls the selected setup, while pressing the
TO RECALL CLEAR key aborts the selection.
CR
PRESS <CLEAR>
TO ABORT

3-40

Figure 3-37. Menu 8R4, Warning—Interns! Memory Does Not Match Current Cal Setup
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MEASUREMENT KEYS AND MENUS

3-84 MEASUREMENT Keys and Menus
(Figure 3-58)

— MAXIMUM [] _
SETUP DATA
MENU NoAMAL [] POINTS

MINIMUM []

.
[ msmj [{)OM,&EN] DE?;C&

Figure 3-58. MEASUREMENT Keys

a. SETUFP Key
Pressing this key calls Sweep Setup Menu SUL
(80U3). Depending upon which menu items you
select, additional menus SU2 thru SUS may also
be called. Figures 3-59 thru 3-64. describe the six
menus.

b, DEVICE ID Key
Pressing this key calls a menu that lets you to
name the test device, This key has the same ef-
fect as selecting “Device ID” in the PM2 mepu.

e. HOLD Key
If the instrument is sweeping, pressing this key
results in the immediate halt of the sweep at the
current data point. The LED on the button lights,
indicating that the Hold Mode is active.

The instrument may be taken out of the hold
mode as follows:

1. By using any of the options described in Menu
504, Select Function for Hold Button,

2. By pressing the Default Program button. This
causes the 360 to revert to a predefined state.

3. By pressing the Begin Cal button. This causes

360 OM

the 360 to resume sweeping and begin the
Calibration Menu sequence.

NOTE
See Figure 3-69 (Menu SU4) for a
deseription of the interaction between
the Hold Mode and the selection of
“Single Sweep” or “Restart Sweep”

Ifyou restart the sweep after performing any disk
operations in the Hold Mode (sweep stopped at
some data point), the sweep restarts from the
beginning. ‘

d. DATAPQINTS Key

Pressing this key toggles between MAXIMUM, NOR-
MAL, and MINIMUM resclution, lighting the ap-
propriate LED. If MAXIMUM resclution is X data
points, MINIMUM resolution will be approximately
X/6 data points and NORMAL resolution will be ap-
proximately X/3 data points. The nominal values are
X=501, X/3=167 and X/10=85,

e. DOMAIN Key

See Figure 3-30 for a full deseription. Additionally, if
the Time Domain option is installed, making a selec-
tion other than “Frequency Domain” lets vou display
measured data in the time domain. It also calls a fur-
ther sequence of Time Domain Menus. Menu TD1
and all other time domain menus, along with a dis-
cussion of the time domain measurement, are
provided in paragraph 3-18, “Time Domain Measure-
ments.”
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MENU DESCRIPTION

SWEEP SETUP
START Enter the sweep-start frequency in GHz. The start frequency must be
XX XXXXXX GHz lower than the stop frequency.
STOP Enter the sweep-stop frequency in GHz. The stop frequency must be
XX KAXAXA GHz higher than the start frequency.
XXX DATAPTS Displays the number of frequency points and the spacing between peoints
USING ABOVE for the start and stop frequencies selected above. The number of points
START AND STOP shown provides the finest frequency resclution possible, based on your
XXX X MH2 DATA POINTS key MAXIMUM-NORMAL- MINIMUM selection.
STEP SIZE

C.W. MODE ON Move cursor here and press ENTER to enable the CW mode, Enter CW
XX KXXAXXX GHZ frequency for measurements.
MARKER SWEEP Maove cursor here and press ENTER to set the start and stop frequencies

{(8U5) or the CW frequency (SU6) to the values of any marker
HOLD BUTTON Displays Menu SU4, which lets you set the action of the HOLD key.
FUNCTION
REDUGED TEST Displays Menu SU2, which lets you set the source power and the values
SIGNALS for the attenuators in the Model 3620 Series Test Set.
PRESS <ENTER»> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until

OR TURN ON/QFF

the CLEAR/RET LOC kay is pressed,
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Figure 2-58. Menu SU1, Sweep Setup 1
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MENU DESCRIPTION
SWEEP SETUP
REDUCED

TEST SIGNALS
SQURCE POWER Enter the output-power level for the sweep generator (frequency source)
+XX . XdBm in dBm.
FPORT 1 SOURCE Attenuates the microwave source power from 0 to 70 dB, in 10 dB steps.
X0 dB (0-70) The power is attenuated before being applied to Port 1 for aforward trans.

mission or reflection test (821 or S:1, respectively).

PORT 2 SOURCE Attenusates the microwave source power from 0 to 70 dB, in 10 dB steps.
X0 dB {0-70) The power is attenuated before being applied to Port 2 for a reverse trans-

mission or reflection test (51 or S22, respectively).

PORT 2 TEST Attenuates from 010 40 dB (10dB steps) the microwave power being input
X0 4B (0-40) to Port 2 from the device-under-test (DUT),

{THIS REDUCES
SIGNAL FROM
AMPLIFIER
UNDER TEST)

Figure 3-80. Menu SU2, Sweep Setup 2
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MENU DESCRIPTION
SINGLE POINT
MEASUREMENT
SETUR

C.W. FREQ Enter the measurement frequency in GHz for continuous wave (CW)
XX KXAKXK GHz operation.
HOLD BUTTON Displays Menu SU4, which lets you set the action of the HOLD key.
FUNCTION
REDUCED TEST Displays Menu 8112, which lets you set values for the source power and
SIGNALS attenuators in the Model 3620 Series Test Set.
BETURNTO Move cursor here and press ENTER to return to the F1-F2 sweep
SWEEP MODE mode. Menu §U1L)

PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.

Figure 8-61. Menu SU3, Single-Point Messurement Setup

MENU DESCRIPTION
SELECT FUNCTION
FOR
HOLD BUTTON

HOLD/CONTINUE Causes the hold key (button) to stop and start the sweep.

HOLD/RESTART Causes the hold key to stop and restart the sweep.

SINGLE SWEEP Causes the hold key to trigger a single sweep and hold when finished.

AND HOLD (Two sweeps, one from Port 1 to 2 and another from Port 2 to 1, are ac-
complished for a 12-Term measurement.)

PRESS <ENTER= Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the sereen until another menu is selected for display or until

the CLEAR/RET LOC key is pressed.

Figure 3-82. Menu 5U4, Select Function for Hold Buiton
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MENU DESCRIPTION

FREQUENCY
MARKER SWEEP
START SWEEP Pressing a number on the keypad causes the associated marker to be the
MARKER (n) start frequency of the sweep.
WX GHz
STOR SWEEP Pressing a number on the keypad causes the associated marker to be the
MARKER (n) stop frequency of the sweep.
XX XXXX GHz

USE KEYPAD Use the keypad to select markers 1, 2, 3, 4, 5, or 6.

TO SELECT
MARKER (1 - 6)

Figure 3-63. Menu 8US, Frequency Marker Sweep

MENU DESCRIPTION

FREQUENCY
MARKER C.W.

C.W. FREQ Pressing a number on the keypad causes the associated marker to be the
MARKER (n) C.W. frequency.
XKAXKXK GHz

USE KEYPAD Use the keypad to select markers 1,2, 3, 4, 5,0r 6.
TO SELECT
MARKER {1 - 6)

Figure 3-64. Meny SUE, Frequency Marker C.W,
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3-85 CHANNEL Keys and Menu

(Figure 3-65) CHANNEL] [® ( )
a. CH 1-4 Keys ( CH1 ] CHz
Thesge keys define the active channel. One (and . f

only one} must always be active as indicated by
the associated LED. Pressing a button makes the o ‘e \
indicated channel active. If it is already the ac- CH3 CH4
tive channel, pressing the key has no effect.

The active channel will be the channel acted upon

by the 8 PARAMS, GRAPH TYPE, REF DELAY, -

TRACE MEMORY, SET SCALE, AUTO SCALE and Figure 3-65. CHANNEL Keys

DOMAIN keys. When in the single channel dis.

play mode, the active channel will be the one dis- b. CHANNEL Menu )

played. Pressing this key calls menu CM (Figure 3-66),
Here, you select the number of channels to be dis-
played. When in the single display mode, only the
active channel will be displayed.

MENU DESCRIPTION

SELECT
DISPLAY MODE
SINGLE Selects a single channel for display, which can be log magnitude, phase,
DISPLAY log magnitude and phase, or Smith chart. You select the type of display
in Menu GT.
DUIAL Selects Channels 1 and 3 for display. You select the type of display in
DISPLAY Menu GT.
CHANNEL 1 -3
DUAL Selects Channels 2 and 4 for display. You select the type of display in
DISPLAY Menu GT.
CHANNEL 2-4
ALLFQUR Selects all four channels for display. You select the type of display in
CHANNELS Menu GT.
PRESS <ENTER» Pressing the ENTER key implements your menu selection. The menu
TO SELECT remaing on the screen until another menu 15 selected for display or until
the CLEAR/RET LOC key is pressed.

Figure 3-66. Menu CM, Select Display Mode
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DISPLAY KEYS AND MENUS

3-8.1

DISPLAY Keys and Menus
(Figure 3-87)
GRAPH SEY AUTO
TYPE SCALE SCALE
s 1 REF l : l
PARAMS TRACE

ei

d‘

Figure 3-67. DISPLAY Keys

S PARAMS Key

Pressing this key calls menu SP. This menu al-
lows vou to select the S-Parameter to be dis-
played by the active channel for the selected
s-parameter.

GRAPH TYPE Key

Pressing this key calls menu GT1 or GT2. These
menus let you select the type of display to ap-
pear on the active channel for the selected
s-pararmeter.

SET SCALE Key

Pressing this key calls the appropriate scaling
menu (88n) depending upon the graph type
being displayed on the active channel for the
selected s-parameter,

REF DELAY Key

Pressing this key calls menu RD1. This menu
lets you input the reference delay in time or dis-
tance. You do this by selecting the appropriate
menu item. For a correct distance readout, the
dielectric constant must be set to the correct
value, This is accomplished by selecting "SET
DIELECTRICY, which calls menu RD2.

On menu RD1, selecting "AUTO" and pressing
ENTER automatically adjusts the reference
delay to unwind the phase. The values for time
and distance turn red for one second when you
gctivate “AUTO.”

366 OM

The 360 unwinds the phase as follows;

1. First, it sums the phase increments between each pair
of measured dara points, then it takes the average
“Pdelia” over the entire set of points,

2. Next, it corrects the phase data by applying the fol-
lowing formula:
Peorrect = Pmeasured - NxPdelta
{where Pmeasured is the measured phase of the Nih
data point).

Assuming there are fewer than 360 degrees of
phase rofation between each data peint, the
above-discribed operation removes any net
phase offset. The endpoints of the phase display
then fall at the same phase value.

AUTO SCALE Key

Pressing this key autoscales the trace or traces
of the active channel. When in one of the scaling
menus, the 360 indicates this is happening by
turning the menu entries red for 1 second. The
new ecaling values are then displayed on the
menu and graticule, The resolution will be
selected from the normal sequence of values you
have available using the knob. When the active
channel has a Real- and Imaginary -type display,
the larger of the two signals will be used to
autoscale both the real and imaginary graphs.
Both graphs will be displayed at the same
resolution.

TRACE MEMORY Key

Pressing this key brings up menu NO1, This
menu—which relates to the active channel—al-
lows you to store data to memory, view memory,
perform operations with the stored memory, and
view both data and memory simultaneocusly.
Four memories exist, one for each channel. This
allows each channel to be stored and normalized
independent of the other channels, Data from
the trace memory may be stored on the disk or
recalled from it.

DISPLAY Menus

Figures 3-68 thru 3-756 show the menus ag-
sociated with the GRAPH TYPE, § PARAMS, and
REF DELAY keys. Figures 3-83 and 3-84 show
two menus that are representative of the twelve
associated with the SET SCALE key.
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MENU DESCRIPTION
SELECT
S - PARAMETER
S21 Selects the Sz parameter to be displayed on the active channel. The
FWD TRANS parameter can be displayed in any of the available formats,
511 Selects the 811 parameter to be displayed on the active channel. The
FWD REFL parameter can be displayed in any of the available formats,
S12 Belects the 817 parameter to be displayed on the active channel, The
REY TRANS parameter can be displayed in any of the available formats.
822 Selects the 822 parameter to be displayed on the active channel. The
REV REFL parameter can be displayed in any of the available formats.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until
the CLEAR/LOC key is pressed.
Figure 3-68. Menn 5P, Belect 5 Paramater
MENU DESCRIPTION
SELECT
GRAPH TYPE
LOG Selects a log magnitude graph for display on the active channel’s selected
MAGNITUDE s-parameter. The active channel is indicated by its key (CH1, CH2, CH2,
CH4} being Lit.
PHASE Selects a phase graph for display on the active channel.
LOG MAGNITUDE Selects log magnitude and phase graphs for display on the
AND PHASE active channel
SMITH CHART Selects a Smith chart for display on the active channel.
{(IMPEDANCES)
SWR Selects an SWR display for the active channel.
GROUP DELAY Selects a Group Delay display for the active channel.
MORE Takes you to additional graph type selections on Menu GT2.
PRESS <ENTER:> Pressing the ENTER key implements your menu selection and resumes
TO SELECT AND the calibration from where it left off, if iin the calibration mode. The menu
RESUME remaing on the screen until another menu is selected for display or until
CALIBRATION the CLEAR/RET LOC key is pressed.

Figore 3-69. Menu GT1, Select Graph Type
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MENU DESCRIPTION
SELECT
GRAPH TYPE
ADMITTANCE Selects an Admittance Smith chart for display on the active channel’s
SMITH CHART s-parameter.
LINEAR POLAR Selects a Linear Polar graph for display on the active channel's
s-parameter,
LOG POLAR Selects a Log Polar graph for display on the active channel’s
s-parameter.
LINEAR MAG Seleets a Linear Magnitude graph for display on the active channel’s
s-parameter.
LINEAR MAG Selects Linear Magnitude and Phase graphs for display on the channel’s
AND PHASE s-parameter.
REAL Selects Real data for display on the active channel’s s-parameter.
IMAGINARY Selects Imaginary data for display on the active channel’s s-parameter.
REAL AND Selects both Real and Imaginary data for display on the active channel’s
IMAGINARY s-parameter,
MORE Takes you to additional graph type selections
PRESS <ENTER> Pressing the ENTER key implements your menu selection and resumes
TO SELECT AND the calibration from where it left off, if in the calibration mode. The menu
RESUME remaing on the screen until another menu is selected for display or until
CALIBRATION the CLEAR/RET LOC key is pressed.

Figure 3-70. Menu GT2, Select Graph Type
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MENU DESCRIPTION

TRACE MEMORY
FUNCTIONS
VIEW DATA Displays measured data; that is, the data presently being taken,
VIEW MEMORY Dasplays stored data: that is, data that was previcusly taken and stored

1IN memory.

VIEW DATA Displays measured data superimposed over stored data.
AND MEMORY
VIEW DATA + Displays measured data divided by stored data.
MEMORY
SELECT Takes you to Menu NO2 for selection of the type of math operation to be
TRACE MATH performed.
STORE DATA Steres the measured data to internal memory.
TO MEMORY
DISK Brings up Menu NO3, which allows data to be stored to or recalled from
FUNCTIONS the disk.
MEMORY DATA Indicates the reference delay applied to the memory databeing displayed.
REF, DELAY
XXX XXX CM

PRESS <ENTER> Pressing the ENTER key implements your menu selection, The menu

TO SELECT remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
Figure 3-71. Menu NO1, Trace Memory Functions
MENU DESCRIPTION
SELECT

TRACE MATH
ADD {(+) Selects DATA + MEMORY as the math function,

SUBTRACT (-}
MULTIPLY (X)
DIVIDE (+)

PRESS <ENTER:>
TO SELECT

Selects DATA — MEMORY as the math function.
Selects DATA X MEMORY as the math funetion,
Selects DATA + MEMORY as the math function,

Pressing the ENTER key implements your menu selection. The menu
returns to the NO1 menu,
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Figure 3-72, Menu NO2, Select Trace Math
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MENU DESCRIPTION

TRACE MEMORY

DISK FUNCTIONS

CHANNEL X Indicaies the channel to be used (active channel}.

STORE TO DISK Digplays GP1-3 or DSK11 menu to select file to store data from selected
channel on disk

RECALL FROM Displays DSK9 menu to select file to recall from disk.

DISK

PRESS <ENTER> Pressing the ENTER key implements your mena selection. The menu

TO SELECT remaing on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
Figure 3-73. Menu NO3, Trace Memory Disk Functions
MENU DESCRIPTION
SET
REFERENCE
DELAY

AUTO Auntomatically sets the reference delay so that the cumulative phase
shift is zero. This selection unwinds the phase in a Smith chart display
or reduces the phase revolutions in a rectilinear display io less than ene.

DISTANCE Electrically repositions the measurement reference plane, as displayed

XXX XXX mm on the active channel, by a distance value entered in millimeters. This
selection lets you compensate for the phase reversals inherent in a
length of transmission line connected between the fest set’s Port 1 con-
nector and the device-under-test (DUT),

TIME Electrically repositions the measurement reference plane by a distance

XXX XXX ms value that corresponds to the time in milliseconds.

SET Displays Menu RD2, which lets you enter & value for the dielectric con-

DIELECTRIC stant of your transmission line. The active dielectric, which was selected

in menu RDZ, displays in blue.

Pressing the ENTER key implements your menu selection. The menu
remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
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Figure 8-74. Menu RD1, Set Reference Delay
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ME NU E SCH P ON
SET
DIELECTRIC
CONSTANT
AR Calculates reference delay based on dielectric constant of air (1).
(1.00)
POLYETHYLENE Calculates reference delay based on the dielectric constant of
(2.26) polyethylene (2.26).
TEFLON Calenlates reference delay based on the dielectric constant of teflon
{2.10} (2.1).
MICROPOROUS Calculates reference delay based on the dielectric constant of
TEFLON microporous teflon {1.69).
{1.69)
OTHER Calculates reference delay based on the value you enter. Terminate your
b 9,69 894 entry using any terminator and select with the ENTER key.
PRESS <ENTER> Pressing the ENTER key implements your menu selectionand returns
TO SELECT you to the RD1 menu.

Figure 3-75, Menu RD1, Set Dielectric Constant
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MENU

DESCRIPTION

SET SCALING
OR PRESS
<AUTOSCALE>

—LOG MAG-

RESCLUTION
XX XXX dB/DV

REF VALUE
XXX XXX dB

REFERENCE
LINE

~PHASE-
RESOLUTION
XX.XX DEG/DIV

REF VALUE
XXX XX DEG

REFERENCE
LINE

Sets the resolution for the vertical axis of the active channel's displayed
log magnitude graph. Hesolution can by set incrementally using the
keypad or rotary knob., For the linear polar graph, the center is fixed at

0 units; therefore, changing the resolution also changes the reference
value and vice versa

Sets the value by which the active channel's amplitude measurement is

offset on the log-magnitude graph. The offset can be sef in increments of
0.001 dB using the keypad or rotary knob.

Sets the reference line for the active channel’s amplitude measurement
on the log-magnitude graph. This is the line about which the amplitude
expands with different resolution values. The reference line can be set to
any vertical division using the rotary knob.

Sets the resolution for the vertical axis of the active channel’s displayed

phase graph. Resolution can by set incrementally using the keypad or
rotary knob.,

Sets the value by which the active channel's phase measurement is offset
on the phase graph. The offset can be set in increments of 0.01 degrees
using the keypad or rotary knob.

Sets the reference line for the active chanmel's phase measurement on the
phase graph. This is the line about which the phase expands with dif-
ferent regolution values. The reference line can be set to any vertical
division using the rotary knob.

Figure 3-76. Menu 851, Set Scaling 1
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MENU DESCRIPTION
SET SCALING
OR PRESS
<AUTOSCALE>
IMPEDANCE Seales an Impedance Smith chart for display in the active channel.
(ADMITTANCE)
SMITH CHART
NORMAL SMITH Selects a normal Smith chart for display in the active channel,
(REFL = 1.000
FULL SCALE)
EXPAND 10 dB Selects a 10 dB expansion of the Smith chart being displayed for the ac-
(REFL = 0.316 tive channel,
FULL SCALE)
EXPAND 20 dB Selects a 20 dB expansion of the Smith chart being displayed for the ac-
{REFL « (0,088 tive channel.
FULL SCALE)
EXPAND 30 dB Selects a 30 dB expansion of the Smith chart being displayed for the ac.
{REFL = 0.031 tive channel.
FULL SCALE)
COMPRESS 3 dB Selects a 3 dB compression of the Smith Chart being displayed for the ac-
(REFL =1.413 tive channel.
FULL S8CALE)
PRESS <ENTER> Pressing the ENTER key implements your menu selection and resumes
TO SELECT AND the calibration from where it left off, if in the calibration mode.. The menu
RESUME CALIBRATION remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.

Eipure 3-77. Menu 853, Set Scaling 3
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367 ENHANCEMENT Keys and Menus

. b, AVG/SMOOTH MENU Key
(Figure 3-78) Pressing this key brings ap the EM Menu (Figure
3-79), When pressed during the calibration se-
quence, it brings up the EM Cal Menu (Figure 3-
r— NORMAL [] 80} instead.
05;;%“ REDUCED [] I;;’,
MINIMUM [] c. TRACE SMOOTH and AVERAGE Keys
' e The AVERAGE and TRACE SMOOTH keys select
o 6 their respective functions on and off with the ap-
. Sgg% FRACE AVERAGE zzfggaie LED indicating when the function is
MENU SMOCTH '
d. F BW Key
Prossing this key cycles between three different
Figure 3-78. ENHANCEMENT Keys IF bandwidths. The applicable NORMAL,
REDUCED, or MINIMUM LED lights to indicate
&, GPTK)& MENU K&ry 5ele¢tign'
This key is reserved for future options.
MENU DESCRIPTION
DATA
ENHANCEMENT
AVERAGING Averages the measured data over time, as follows:
XXAX MEAS, 1. The sweep stops at the first frequency point and fakes a number of
PER POINT readings, based on the selected number of points.
2. The program averages the readings and writes the average value for
that frequency point in the displayed graph.
3. The sweep then advances te the next sequential frequency point and
repeats the process,
SMOOTHING Smootheg the measured data over frequency, as follows:
XXX PERCENT 1. The program divides the overall sweep into smaller segments, based
OF SPAN

on the selected percent-of-span. (Refer to paragraphs 3-5.3 and Figure 3-
29 for a description and example of smoothing.)

2. It takes a data reading at each frequency point within that percent-of-
span segment.

3. It averages the readings with a raised Hamming window and writes
that magnitude value at the mid-frequency point of the segment in the
displayed graph or Smith chart.

4. It then advances the percent-of-span segment to encompass the next
sequential group of frequency points and repeats the process.

360 OM

Figure 3-79. Menu EM, Enhancement Menu
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MENU DESCRIPTION
DATA
ENHANMCEMENT
AVERAGING Averages the measured data over time, as follows:
XXXX MEAS. 1. The sweep stops at the first frequency point and takes a number of
PER POINT readings, based on the selected number of points.

2. The program averages the readings and writes the average value for
that frequency peoint in the displayed graph.

3. The sweep then advances to the next sequential frequency point and
repeats the process,

SMOQTHING Smoothes the measured data over frequency, as follows:
XXX PERCENT 1, The program divides the gverall sweep into smaller segments, based
QF SPAN on the selected percent-of-span. (Refer to paragraphs 3-5.3 and Figure 3-

29 for a description and example of smoothing.)

2, It takes a data reading at each frequency point within that percent-of-
span segment.

3. It averages the readings with a raised Hamming window and writes
that magnitude value at the mid-frequency point of the segment in the
displayed graph or Smith chart.

4. It then advances the percent-of-span segment to encompass the next
sequential group of frequency points and repeats the process.

Figure 3-80. Meanu EMCal, Enhancement Menu for Calibration
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OUTPUT KEYS AND MENUS

3-6.8 OUTPUT Keys and Menus

{Figure B1)

OUTPUT

Y
START STOP
[ MENU ] [ FRINT ] [ PRINT J

Figure 3-81. QUTPUT Keys

. MENU Key

Pressing this key brings up menu PMI1. This
menu allows you to define what will happen every
time you press the START PRINT key. Figures 3-
82 thru 3-85 describe the menu options.

START PRINT Key

Pressing this key starts cutpuiting the measured
data as defined by the setup defined by the
selected MENU key

360 OM

STOP PRINT Key

Pressing this key can result in any of the follow-

ing actions if the printer is selected

& If the 360 is not outputting data, the key
sends a form feed command to the printer.

# Ifthe printer is active, the key aborts the print-
ing and sends a form feed command to the
printer. Aborting the printing clears the print
buffer,

# Pressing this key if the printer is not selected
and another Torm of output is active, the key
aborts it but does not send a form feed to the
printer.

d. Plotling Functions

The 360 can plot an image of either the entire
sereen or subsets of it. Plots can be either full size
or they can be quarter size and located in any of
the four quadrants. You can select different pens
for plotting different parts of the screen, You can-
not, however, plot tabular data. The menus for
selecting ploiter funetions are shown in Figures
3-86 thru 3-88,
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MENU DESCRIPTION
SELECT OUTPUT
DEVICE

PRINTER Selects the printer as your output device,
PLOTTER Selects the plotter as your output device,

SELECT PRINTER

CUTPUT TYPE
FULL SCREEN Prints full-screen data, including the menu entries.
GRAPH ONLY Prints only the graph or Smith chart, including any and all data it con-
tains.

TABULAR DATA Prints a tabulation of the measured data.
QUTPUT QPTIONS
SET UP QUTPUT Calls Menu PM2, which allows you to enter the header information.
HEADERS
DISK Calls Menu PM4, which allows you to select disk operations.
OPERATION
PLOT QPTIONS Calls Menu PL1, which allows you to select between several plot options,

PRESS <ENTER> Pressing the ENTER key implements yvour menu selection. The menu

TO SELECT remains on the screen until another menu is selected for display or until

the CLEAR/RET LOC key 15 pressed,

Figure 3-82. Menu PML, Select Data Qutput Type
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QUTPUT KEYS AND MENUS

MENU

DESCRIPTION

DATA QUTPUT
HEADERS

MODEL  ON (OFF)
XXXXIOOOXHKXX KX

DEVICE ID ON (OFF)
XXRKAAAXKXKX

DATE ON {OFF)
XX XXX

OPERATOR ON {OFF)

Selecting <1>displays Menu GP5, which lets you select the letters andfor
numbers in your model identifier,

Selecting <1»displays Menu GPS, which lets you select the letters and/or
numbers in your Device LD. identifier.

Selecting <1>displays Menu GP5, which lets you select the letters and/or
numbers in the date,

Selecting «1> displays Menu GPS, which lets you select the letters

SOOOHKXXXAXAKXX identifying the operator.
PRESS <ENTER> Pressing the ENTER key selects between menu selections. Pressing the
TO TURN ON/QFF CLEAR/RET LOC key lets you change thebetween ON and OFF states
OR
PRESS < 1 » Pressing «<1> lets you enter the desired label in Menu GP5,
TO CHANGE
Figure 3-83. Menu PMZ, Data Output Headers
MENU DESCRIPTION
TABULAR QUTPUT
FORMAT

MARKER ON (OFF)
DATA

SWEEP ON (OFF)
DATA

Provides for the printing or not of markers,

Provides for the printing or not of frequency sweep data, If you elect to
print the sweep data, you can choose how many frequency points to print
out.

XX POINTS Outputs one point every X points
PRESS «<ENTER> Pressing the ENTER key implements your menu selection. The menu
T TURN ON/OFF remaing on the screen until another menu is selected for display or until
OR the CLEAR/RET LOC key is pressed,
TURN KNOB TO
CHANGE NUMBER Turning the knob on number of points changes the value of X to define
OF POINTS the number of points printed.
Figure 3-84. Menu PM3, Tabular Output Fermat
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MENU DESCRIPTION
DISK QUTPUT
COPERATICNS
TABULAR DATA QOutputs tabular data to the disk and takes you to GP1-3 or DSK 11 for
TO DISK selection of a file name,
TABULAR DATA Brings up DSK9 for selection of 2 measurement data file o be output to
FROM DISK the printer.
TO PRINTER
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.

Figure 3-85, Menu PM4, Disk Output Operations
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MENU DESCRIPTION
PLOT OPTIONS
PLOT
FULL PLOT The plotter will plot everything displayed on the screen (data traces,
graticule, menu text) when START PRINT is pressed.
OPTIONS
HEADER ON (OFF) The plot will include an information header if this option is on and START

MENLU ON (OFF)
MARKERS ON (OFF)
AND LIMITS

GRATICULE ON {OFF)

DATA ON (OFF)

PRINT is pressed.

The plot will include the menu text if this opfion is on and START PRINT
is pressed.

The plot will include any marker or limit lines if this option is on and
START PRINT is pressed.

The plot will include the graticule and annotation if this option is on and
START PRINT is pressed.The plotter plots the graticule.

The plot will include the data if this optien is on and START PRINT is

TRAGE(S) pressed. The plotter plots the graticule.
FORMAT
PLOT SIZE Calls Menu PL2, which lets you select the size and location of the plot.
PEN COLORS Calls Menu PL3, which lets you select pen colors for the various elements
of the plot: graticule, data traces, menu text and header. Also lets you
select the relative pen speed.
PRESS <ENTER:~ Pressing the ENTER key implements your menu selection, The menu
TO SELECT remains on the screen until another menu is selected for display or until
OR TURN ON/OFF the CLEAR/RET LOC key is pressed.
Figure 3-88, Menu PL1, Plot Options
360 OM
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MENU DESCRIPTION
SELECT
PLOT SIZE
FULL SIZE Selects a full size (page) plot.
-QUARTER
SIZEPLOTS-
UPPER LEFT Selects a quarter-gize plot, upper-left quadrant.,
UPPER RIGHT Selects a quarter-size plot, upper-right quadrant.
LOWER LEFT Belects a quarter-size plot, lower-left quadrant.
LOWER RIGHT Selects a quarter-size plot, lower-right quadrant.
PRESS <ENTER> Pressing the ENTER key implements your menu selection, The menu
TO SELECT remains on the screen until another menu is selected for display or until

the CLEAR/RET LOGC key is pressed.
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Figure 3-87. Menu PL2, Select Plot Size
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MENU DESCRIPTION
SELECT
PEN COLORS
DATA PEN Selects the color in which the data will be plotted. The number of the pen

n

GRATICLE PEN
n

MARKERS AND
LIMITS PEN
n

HEADER PEN
n

PEN SPEED
100 PERCENT
OF MAXIMUM

PREVIOUS MENU

displays where the “n” is shown.

Selects the color in which the graticule will be plotted. The number of the
pen displays where the “n” is shown.

Selects the color in which the markers and limits will be plotted. The
number of the pen displays where the “n” is shown.
Selects the color in which the header information will be plotted. The

number of the pen displays where the “n” is shown.

Selects the pen’s speed as a percentage of the plotter's maximum speed.
(Used to optimize plots on transparancies or with worn pens.)

Recalls Menu PL1.

PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until
the CLEAR/RET LOGC key is pressed.
Figure 3-88. Menu PL3, Select Pen Colors
360 OM 3-63
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3-89 SYSTEM STATE Keys and Menus
(Figure 3-89)

a. DEFAULT PROGRAM Key

SYSTEM STATE

DEFAULT UTILITY
ROGRAM MENU

Figure 3-89. SYSTEM STATE Kays

Pressing this key brings up the default menu. If
pressed again, it recalls the factory selected de-
fault values for the control panel controls. The
valnes are defined in Table 3.3,

-------------

aaaaaaaaaaaaa

Use of this key will destroy control panel
and calibration setup data, unless they
have been saved to disk,

b. UTILITY MENU Key

Pressing this key calls menu Ul, This menu
accesses subordinate menus to perform system,
disk, and service utilities, as described by the
flowchart in Figure 3-97. The only functions per-
formed directly frem the 171 Menn are “Blank
Frequency Information.” and “Alternate Third
Color Pen” (blue or ¢yan).

¢. UTILITY MENU Key Menus
Figures 3-88 thru 3-102 describe the UTILITY
MENU Key menus.

Press B
UTILITY MENU
Key

Menue Ut

Select
Saleat Belect Solact *CALIBRATION
"DISK UTIL" GPIR TSP STATE™ COMPONENT
UTILITES®
-+ b 3 » ¥
sdon L2 Many GP7 Mo L3 Menu U4
=ikn]

Figure 3-90, UTILITY MENUS EKeay Flowchart
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Table 3-1. Default Settings

Functlion

Datault Setting

INSTRUMENT
STATE

Measurement Satup Menu Displayed

MEASUREMENT

Maximum swaep range of source and test set
Source Power: 0.0 dBm
Resolution: Normal

CHANNEL

Cuad {four-channe!) display
Channel 1 active

DISPLAY

Channel 1: 841, 1.1 Smith Chart

Channsl 2: S12, Log Magnitude and Phase
Channe! 3: 521, Log Magnitude and Phase
Channel 4: S22, 1,1 Smith Chart

Seale. 10 dB/Division or 90" Mivision
Offsetr 0.000dB or 0.00 degree

Heforence Position: Midscale

Efactrical Delay: 0.00 seconds

Dialectric: 1,00 {air)

Normalization: Off

Normalization Sets; Unchanged

o ENHANCEMENT

Video IF Bandwidth: Reduced
Averaging: O
Smoothing: Of

CALIBRATION

Correction; Off
Connecior: SMA
Load: Broadband

MARKERS/ALIMITS

Markers On/OH: Al oft
Markers Enablecd/Disabled: Al enabled

Marker Frequerncy: All el 10 the stan-sweep frequency (or start -lime distance
aRaference. Off

SYSTEM STATE

Limirs: Al set 1o reference position value (all off ,all anabled)
GPIB Addresses and Terminators; Unchanged

Frequency Blanking : Disengaged,

Error(s): Al cleared

Measursment; Hestarted

ouTPUT

Cuiput Type: Printer (lull screen, dear hoadors)
Marker and Sweep Data: Enabled

360 OM
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MENU DESCRIPTION
SELECT UTILITY
FUNCTION TYPE
GENERAL DISK Calls Menu U2, which lets vou select between several disk utilities,
UTILITIES
CALIBRATION Calls Menu U4, which lets you select between several calibration-com-
COMPONENT ponent utilities,
UTILITIES
GPIB Displays the current GPIB addresses of the various system instruments.
ADDRESSES
DISPLAY Calls menu U3, which lets you display the various instrument state
INSTRUMENT parameters,
STATE
BLANK Blanks all frequency-identifier information from the 360 displays, if such
FREQUENCY information ig presently being displayed.
INFORMATION
ALTERNATE 3RD Switches between blue and ¢yan colors
COLOR PLANE
PRESS <ENTER:» Switches between blue and eyan colorsPressing the ENTER key imple-
TO SELECT ments your menu selection, The menu remains on the screen until
another menu is selected for display or until the CLEAR/RETLOC kev is
pressed.

Figure 3-81, Menu Ul, Utility Menu
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MENU DESCRIPTION
DISK UTILITY
FUNCTIONS
RESTORE DISPLAY
DISPLAY DISK Displays disk directory in data area
DIRECTORY
DELETE FILES Calls Menu DEK2, which lets you delete files from the disk.
FROM DISK
LOAD PROGRAM Reloads the operating program from the disk,
FROM DISK
TO 360 e -
CAUTION,

Choosing the above option may destroy all of the data in memory.
INITIALIZE Prepares (formats or initializes) the disk for use with the 360, including
DISK WiTH the operating program.
PROGRAM
INITIALIZE Prepares the disk for use with the 360 but does nof copy the operating
DATA - ONLY program to the disk
DISK T -

iCAUTION;

Choosing either of the two options above will destroy ali of the data

on the disk
COPY DISK Lets you copy one disk to another.
TO DISK

Figare 3-92, Menu U2, Disk Utility Functions
360 OM
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MENU DESCRIPTION
DISPLAY
INSTRUMENT
STATE
RESTORE Restores the normal data display.
DISPLAY
A SYSTEM Displays all of the system parameters (Readout Text U4 a thru e, Figure
PARAMETERS 3101}
B CALIBRATION Displays the calibration parameters,
PARAMETERS
C  GLOBAL Diaplays the global operating parameters.
OPERATING
PARAMETERS
D CHANNEL1-2 Displays the Channel 1-2 operating parameters,
QOPERATING
PARAMETERS
E CHANNEL3-4 Displays the Channel 3-4 operating parameters.
OPERATING
PARAMETERS
NEXT PAGE Allernately displays Readout Text U4 a thru e,
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until
the CLEAR/RET LOC kev is pressed.

Figure 3-93, Menu U3, Display Instrument State
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Readout Text U3a, Global Operating Paramelers

Readout Text U3d, System Parameters

Parameter Display Format Parameter Display Format
Number of Points Xxx JEC GPIB
Source Power xax.x dBm Addrass XX
Port 1 Source x0 4B Terminator AXXXXANX
Part 2 Source x0 dB Primary SRC Mask XXXNXNX
Reference x0 dB} Secondary SHCQ Mask HAXXAXK
20 50 Ohm
Averaging xxMoas/Pts Systam Bus
O/On Instrumeant Addrass £33
Smoothing xx.x % SPAN Source Address 0
Oftion Plotter Addrass xX
Terminator XXXXXXX
Sottware
Varsion AR A
Serial Number AKX XK
Readout Text U3b and Ule, Operating Parametere
Display Format
Channel 1.3 Channal 2-4
S-Parameters XXX XXX
Relerence Delay XXX XXX PS$ XA XAX 4§
HOEXXKEAX XXXXXAXX
Time Domain Mode p 4694040644 1 0.0.4.4.9.0.¢.9.4 4
Start KA XXX 1S XXX, XXX P
Stop XXX XXX NS NXXXAK PSS
Window Type XAXOOXAAXK HOO0XNXRE
Gata Start XXX NS XXX X 018
Gate Stop XL XA NS XXX XXX 118
Gate Shape XXXAXXOKK BOOXOCERR

Figure 3-94, Readout Text, Menus UBa thru e, Global, System, and Operating Parametors (Sheet 1 of 2)
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Readout Text U3e, Calibration Parameiers

Parameter Display Format
Number Of Points XXX
Source Powaer XXX dBm
Cal Type XXXX
Start Frequency XX XXX GHz
Stop Frequency XX O GHz
Load Type $9.9.9.¢.0.4.0.¢
Connector -PORT 1~ —PORT 2
JOORXXXX KX AKX
Opan Devica *NOT INSTALLED *NOT INSTALLED
GO {a—15) —3XXX XXX XXX XXX
Ct {27} XXX XXX -XXX. XXX
C2 {o~38} XXX XX, =XXHXKXK
C3 {a—45) XK XK, XXX XXX
Offset Length ~KAX XXX ram: —XXX XXX mm
*
Serial Number XAXKKKXAX, OO0 XXX
Short Device *NOT INSTALLED *NOT INSTALLED
Offset Length =X XX XXX mm XXX XXX mm
Sarial Number HXXKMAXKX XAOOKXXXX
Aften Settings
Source XXdB XX.dB
Tost XX dB

* If not installed, displays “NOT INSTALLED”
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MENU DESCRIPTION
CALIBRATION
GCOMPONENT
UTILITIES
INSTALL Reads into memory the coefficient data from the calibration-components
CALIBRATION dizk supplied with the calibration kits,
COMPONENT
INFORMATION
FROM DISK
DISPLAY Calls Menu US, which lets you display the connector information for the
INSTALLED various connectors supported.
CALIBRATION
COMPONENT
INFORMATION
PRESS <ENTER> Pressing the ENTER key implements your menu selection, The menu
TO SELECT remains on the sereen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.

Figure 3-95. Menu U4, Calibration Component Utilities
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MENU DESCRIPTION
DISPLAY This menu lets you view coefficient data on the components listed (Figure
INSTALLED 3-104). The data appears in the display area of the screen.
CALIBRATION
COMPONENT
INFORMATION
SMA (M) Select coefficient data to display for the SMA male components.
SMA (F) Select coefficient data to display for the SMA female components.
K—CONN (M) Select coefficient data to display for the K Connector™ male components.
K~CGNN(F) Select coefficient data to display for the K Connector fe male components.
TYPE N {M) Select cocfficient data to display for the Type N male components,
TYPE N {F} Select coefficient data to display for the Type N female components.
GPC -7 Select coefficient data to display for the sexless GPC-7 components.
NEXT Cyeles through selections SMA (M) to GPGT.
COMPONENT
PREVIOUS MENU Displays menu U4.
PHESS <ENTER>» Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
Figure 3-96. Menn U5, Display Installed Calibration Comporents Information
Parameter Display Format
Connactor Type "NOT INSTALLED
Open Devica
CO {e-15) —XXX.XXXe—15
C1 (e-27) XXX XXX e~27
C2 (6-38) ~X XK XXX e-36
C3 (e-45) «KXX XXX a45
Offset Length =X XX XXX mm
Sevrial Number KXXXXXXHX
Short Davice *NOTINSTALLED
Offset Length XXX XXX mm
Serial Number XAHXXEXKXX

* if not Installed from disk, "NOT INSTALLED”

is dis layed

Figure 3-97, Rendout Text Associated With Menu US
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MENU DESCRIPTION
SELECT TYPE OF
COMPONENT
INFORMATION
TO DISPLAY
COAXIAL Selects the values for couxial line to be displayed.
WAVEGUIDE Selects the values for waveguide to be displayed.
PREVIOUS MENU Returng you to the previous menu.
PRESS <ENTER> Pressing the ENTER key implements your menu selection,
TO SELECT

Figure 3-97A. Menu Us, Select Type of Component Information to Display
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3-6.10 Diisk Storage Interfnce and Genernl
Purpose Menus

a, Disk Characteristics

The 360 has an integrally mounted disk drive of the
3.1/2 inch removable media type. The format, files,
and directory are compatible with PC(MS)-DOS, Ver-
sion 3.2.

1. Disk Format . Disks are MS-DOS compatible.
The 360 formats them to have 80 data tracks
per side on 2 sides, with 8 sectors of 512 bytes
per sector. This yields a total of 720 KBytes
per disk. Any of the following file types, in any
combination may be stored on the disk. Table
3.2 shows these file extensions.

Table 3-2, File Extensions
File Typo Flie Extension
Calibration, Normal CAL
Trace Memory MNRM
Measured Data .DAT
Program .PAG

2. Disk Files. You may find any of the following
file-types on the 360 disk.

{a) Program Files. These are binary files used
to load the operating program. Applica-
tion-type programs cannot read them.

(b} Calibration Data Files: These are binary
files used to store and retrieve calibration
and other data. Application-type programs
cannot read them. File size depends on
calibration type. For example, 58 KBytes
for 12 term and 501 points.

Measured Data Files. These are ASCII
files used to store actual meagurement
data. They ean be read by application-type

(c)

360 0M

programs. File size dependson selected op-
tions. For example, 28,8 KBytes for 501
points and 1 S-Parameter,

(d) Trace Memory Files, These are data stored
in a display, rather than in a floating-point
format. Application-type programs cannot
read them. You use them to perform trace
math operations on data. File size is 4
KBytes.

b, Disk User Interface

A disk is capable of holding up to 720K bytes of data,
Using the data size assumptions above, a disk would
be capable of holding:

12-Plus Calibration and Front Panel Setups
or

1860 Sets of Normalization Data

or

28-Plus Bets of Measurement Data

You can also store a downloaded operating program
on the disk, However, this reduces the number of the
above items that you could store, The disk format im-
poses a limitation of 112 on the total number of data
items, This means the full 360 sets of normalization
data could not be stored on the disk.

¢. Disk and General Purpose Menus

1. Digk Menus. A set of DSK menus used to im-
plement the disks functions are provided in
Figures3-98 thru 3-103.

2. General Purpose Menus, The menus shown in
Figures 3-104 thru 3-106 appear as a result of
choices made in certain of the Disk and Print
menus,
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DISK MENUS
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MENU DESCRIPTION
NO ROOM FOR

NEW DATAFILES
OVERWRITE Allows you to overwrite an existing file on the current data disk,
EXISTING
FILES
DELETE Allows you to delete an existing file on the current data disk.
EXISTING
FILES
PRESS <ENTER> Pressing ENTER implements your menu selecetion. You will be returned

TS SELECT to the previous menu when your selection is made.

Figure 3-98. Menu DSK3R, No Room for New Data Files
MENU DESCRIPTICN

DISK UTILITY

FUNCTIONS
DELETE CAL & Allows you to delete specific calibration and contrel (front) panel setup
FRONT PANEL files from the current data disk.
SETUPS FROM
DISK
DELETE Allows you to delete specific normalization {trace memory) files from the
NORMALIZATION current data disk,
FILES FROM
DISK
DELETE Allows you to delete specific measurement data files from the cwrrent
MEASUREMENT data disk.
FILES FROM
DISK

PREVIQUS MENU

PRESS <ENTER>
TO SELECT

Returns you to the previcus menu

Pressing the ENTER key implements your menu selection. The menu
remains on the screen until ancther menu is selected for display or until
the CLEARE/LOC key is pressed.

Figure 3-99. Menu DSK4, Disk Utility Functions
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DISK STORAGE AND GENERAL PURPOSE MENUS

MENU DESCRIPTION
SELECTCAL &
FRONT PANEL
SETUPTO
DELETE
FILENAME 2 Selects the file named on this line to be deleted. (The actual name of the
file, not “FILENAME 2” will appear.)
FILENAME 3 Same as for Filename 2 above.
FILENAME 4 Same as for Filename 2 rbove.
FILENAME S Same as for Filename 2 ahove,
FILENAME & Same as for Filename 2 above.
FILENAME 7 Same as for Filename 2 above.
FILENAKME 8 Same as for Filename 2 above.
FILENAME & Same as for Filename 2 above.
MORE The “More” option only displays if there are more than nine files.
PREVIOUS MENU Returns to the previous menu in this series.
PRESS <ENTER:» Pressing the ENTER key implemenis your menu selection. You are
TO SELECT returned to the previous menu.

Figure 3.100. Menu DSKE, Select Cal & Front Panel SEetup To Delete
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MENU DESCRIPTION
SELECT
NORMALIZATION
FILE TO
DELETE
FILENAME 1 Selects the file named on this line to be deleted. (The actual name of the
file, not “FILENAME 1" will appear.)
FILENAME 2 Same as for Filename 1 above.
FILENAME 3 Same asg for Filename 1 above.
FILENAME 4 Same as for Filename 1 above,
FILENAME 5 Same as for Filename 1 above.
FILENAME 6 Bame as for Filename 1 above.
FILENAME 7 Same as for Filename 1 above.
FILENAME 8 Same as for Filename 1 above.
MORE The “More” option only displays if there are more than nine files.
PREVIOUS MENU Returns to the previous menu in this series.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. You are
TOQSELECT returned to the previous menu.

Figure 3-161. Menu DSKS6, Select Normalization File Tt Delete
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MENU DESCRIPTION

SELECT
MEASUREMENT

FILE TO

DELETE
FILENAME 1 Selects the file named on this line to be deleted, (The actual name of the

file, not “FILENAME 17 will appear.)
FILENAME 2 Same as for Filename 1 ghove.
FILENAME 3 Same as for Filename 1 ahove,
FILENAME 4 Same as for Filename 1 above.
FILENAME 5 Same as for Filename 1 above,
FILENAME & Same as for Filename 1 above,
FILENAME 7 Same as for Filename 1 above.
FILENAME 8 Same as for Filename 1 above.
MORE The “More” option only displays if there are more than nine files.
PREVIOUS MENU Returns to the previous menu in this series.
PRESS <ENTER:» Pressing the ENTER key implements your menu selection. You are
TO SELECT returned to the previous menu

Figure 3-102, Menu DSK?, Select Measurement File To Delete
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— 000000ttt

Ht CONTROL PANEL OPERATION

MENU DESCRIPTION
SELECT FILE
TC READ
FILENAME 1 Selects the file named on this line to be read. (The actual name of the file,
not "FILENAME 1" will appear.)

FILENAME 2 Same as for Filename 1 above.
FILENAME 3 Same as for Filename 1 above.
FILENAME 4 Same as for Filename 1 above.
FILENAME 5 Same as for Filename 1 above.
FILENAME 6 Same as for Filename 1 above.
FiLENAME 7 Same as for Filename 1 above.
FILENAME 8 Same as for Filename 1 above.
MORE The “More” option only displays if there are more than nine files.
PREVIOUS MENU Returns to the previous menu in this series
PRESS <ENTER: Pressing the ENTER key implements your menu selection. You are

TO SELECT returned to the previous menu
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DISK STORAGE AND GENERAL PURPOSE MENUS

- MENU DESCRIPTION
SELECTFILE
TO OVERWRITE
CR
CREATE NEW
FILE
FILENAME 1 Selacts disk File 1 for storing the calibration data or front {conteol) panel
setup. Name the file using Menu GPS5.
FILENAME 2 Selects disk File 2 for storage of data.
FILENAME 3 Selects disk File 3 for storage of data.
FILENAME 4 Selects disk File 4 for storage of data.
FILENAME 5 Selects disk File 5 for storage of data.
FILENAME & Selects disk File 6 for storage of data.
FILENAME 7 Selects disk File 7 for storage of data.
FILENAME 8 Selects disk File 8 for storage of data.
MORE Displays additional menus.
/.nnw\,
PREVIOUS MENU Displays the previous menu.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until ancther menu is selected for display or until
the CLEAR/RET LOC key is pressed.
Figure 3-104, Manu GP1.-3, Select File to Overwrite or Create New File
e
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MENU DESCRIPTION
SELECT NAME Name your file using the rotary knob to select letters, numbers, or both.
-------- A letter or number turns red to indicate that the lettar/mnumber has been
ABCDEFGHIKLM chosen for selection. Pressing the ENTER key selects the letter or num-
ber. The name you spell out displays in the area below “SELECT NAME.”
NOPQRSTUVWXYZ You are allowed up to eight characters for a file name and twelve charac-
ters for a label.
0123456789-/#
DEL CLEAR DONE Selecting “DEL” deletes the last letter in the name displayed above,

Selecting “CLEAR” deletes the entire name.
Selecting “DONE" signals that you have finished writing the name.

TURN KNOB Use the rotary knob to indicate the letter or number you wish to select.

TO INDICATE You can use the up-arrow and down-arrow keys to move between rows.

CHARACTER CR

FUNCTION

PRESS <ENTER» Pressing the ENTER key implements your menu selection. The menu
TO MAKE SELECTION remains on the screen until another menu is selected for display or until

the CLEAR/RET LOC key is pressed.

NUMBERS MAY You may also select numbers using the keypad.

ALSO BE

SELECTED

USING KEYPAD

Figure 3-105, Menu GP5, Select Name
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MENU DESCRIPTION
GPIB SETUP

~360 GPIB—

CR/CR-LF Selects either the CR (carriage return) character or the CR-LF (Carriage
Return-Line Feed) characters as the data terminator for GPIB transmis-
5i0Ns,

ADDRESS: Selects the GPIB address for the 360 analyzer. The 360 is sef to address

6 6 before leaving the factory,

~-SYSTEM BUS-

CR/CR-LF Selects either the CR (carriage return) character or the CR-LF (Carriage
Return-Line Feed) characters as the data terminator for System Bus
transmissions.

INSTR ADDR Selects the address for the System Bus coniroller, This is the address the

0 360 uses to address the Source. The 380 is set to address 0 before leav-
ing the factory.

SOURCE ADDR Selects the address for the Source. The Source is set to address 5 before

L3 leaving the factory.

PLOTTER ADDR Selects the address for g compatible plotter.

7

PRESS <ENTER: Pressing the ENTER key implements your menu selection. The menu

TOSELECT remains on the screen until another menu is selected for displayor until
the CLEAR/RET LOC key is pressed.

Figure 3-106. Menu GP7, Display GPIB Status
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MARKERS/LIMITS KEYS AND MENUS

3-8.11 MARKERS/LIMITS Keys and Menus

(Figure 3-107).

MARKERS/LIMITS

MARKER READOUT

a.

Figure 3.147. MARKERS/LIMITS Keys

MARKER MENU Key

Pressing the MARKER MENU key calls Menu
M1). This menu lets you toggle markers on and
off and set marker freguencies, times, or
distances.

MARKER READOUT Key

1. Pressing this key calls menu M3 under the

following conditions.
{a) If the A Reference mode is off and

(13there is no selected marker, or

(2)the selected marker i8 not in the sweep range.
(b} If the A Reference mode is on and

(1)the A Reference marker is not in the sweep

range, or
(2ino Delta ref marker has been selected.

2. Pressing this key calls menu M4 if the
AReference mode is off and the selected
marker is in the current sweep range (or
time/distance).

3-82
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3. Pressing this key calls menu M5 if the
AReference mode and marker are both on and
and the AReference marker is in the selected
sweep range (or time/distance).

MARKERS Keys Menus
The menus associated with the twoe MARKERS
keys are described in Figures 3-108 thru 3-112,

. Limit Frequency Readaut Function

The 360 i3 equipped with a Limit-Frequency
Readout function. This function allows dB values
to be read at a specified point {such as the 3 dB
point) on the data trace. This function is only
available for certain rectilinear graph-types.
These graph-types are listed below.

1. Log Magnitude

2. Log Magnitude And Phase

3. Phase

4. Linear Magnitude And Phase
5. SWR

6. Group Delay

Figure 3-113 shows an example of a Limit Fre-
quency (LF) Menu.

. LIMITS Key

Pressing this key calls ths appropriate Limit (Ln}
menu. The Limit menus are deseribed in Figures
3-114 thru 3-123.

360 OM




it CONTROL PANEL OPERATION MARKERS/LIMITS KEYS AND MENUS

MENU DESCRIPTION
SET MARKERS
MARKER 1 ON {OFF) Turns Marker 1 on or off (activates or deactivates). When on (active), the
HHAOXXX GHz2 frequency, time, or distance may be set using the keypad or rotary knob.
NOTE
In this text, markers will be referred to as being active and as
being selected. Any marker that has been turned on and as-
signed a frequency is considered to be active. The marker to
which the cursor presently points is considered to be selected.
The selected marker is the only one for which you can change
the frequency.
MARKER 2 AREF
XX XHKXXXX GHz
MARKER 3 ON {OFF) Turns Marker 3 on or off (activates or deactivates}. When on (active), the
FR XXX GHz frequency, time, or distance may be set using the keypad or rotary knob.
MARKER 40N (QFF) Turns Marker 4 on or off (activates or deactivates). When on (active), the
frequency, time, or distance may be set using the keypad or rotary knoh.
MARKER 50N {OFF) Turns Marker b on or off (activates or deactivates). When on {active), the
frequency, time, or distance may be set using the keypad or rotary knob.
MARKER 60N (OFF) Turns Marker 6 on or off (activates or deactivates). When on (active), the
XL XAXXXNK GHz frequency, time, or distance may be set using the keypad or rotary knob.
MARKERS Disables all markers.
DISABLED
AREF MODE ON {OFF) Selects and deselects the AReference Mode
SELECT AREF Calis Menu M2, which lets you select the AREF Marker.
MARKER
PHRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
OR TURN ON/OFF remains on the sereen until another menu is selected for display or until
TO SELECT the CLEAR/RET LOC key is pressed.

Figure 3-108. Menu M1, Set Markers
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MENLU DESCRIPTION
SELECT
AREF MARKER
MABKER 1 Marker 1 only appears if it has been activated in Menu M1. Placing the
XAXXAXXNX GHz cursor on Marker 1 and pressing the ENTER key here selects it as the
AREF marker. The AREF marker is the one from which the other active
markers are compared and their difference frequency measured and dig-
played in Menu M3. The marker frequency may be set using the keypad
or rotary knob.
MARKER 3 Same as above, but for Marker 3
XX KA XA GHz
MARKER 4 Same as above, but for Marker 4
XX XXXXXX GHz
PRESS <ENTER> Presging the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
Figure 3-109, Menu M2, Selact AREF Marker
MENU DESCRIPTION
SELECT
READOUT MARKER
MARKER 1 Displays the frequency and 5-Parameter value(s) of Marker 1 on all CRT-
KA XXKAKXX GHz displayed graphs and Smith Charts. The frequency of Marker 1 also dis-
plays here. If Marker 1 was activated in Menu M2 as the REF marker,
REF appears as shown for Marker M5 below.
MARKER 2 Same as for above, but for Marker 2.
XL XK GHz
MARKER 5 Same as for above, but for Marker 5,
X000 GH2
AREF MODE Indicates the status of the AREF mode,
ISON
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT

remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed. ‘

Figure 3-110. Menu M3, Select Readout Marker
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MARKERS/LIMITS KEYS AND MENUS

MENU

DESCRIPTION

CH1-3811
XX XXX PS DLY

MARKER 1
XOCXXXXKX GHz
XX XXX dB

XXX XXX DEG

MARKER TO MAX

MARKER TO MIN

2 XXXXXX GHz
XX XXX dB
XXX XXX DEG

3 XXXXXX GHz
KA XXX dB
XXX XXX DEG

4 XXXXXX GHz
XX XXX dB
XXX XXX DEG

5 KAXKXX GHz
XA XXX (B
XXX XXX DEG

6 XXXXXX GHz

Selects channel for readout

The selected marker—that is, the one to which the cursor points in Menu
Ml—and its frequency, time, or distance display here, This could be any
one of the six available markers; Marker 1 thru Marker 6.

Causes the active marker to go to the frequency with the greafest S-
Parameter value on the active channel.

Causes the selected marker to go to the frequency with the smallest S-
Parameter value on the active channel.

Displays the frequency, magnitude, and phase of the active 8 Parameter
at marker 2, if the marker is enabled.

Displays the frequency, magnitude, and phase of the active 8§ Parameter
at marker 3, if the marker is enabled.

Displays the frequency, magnitude, and phase of the active 8 Parameter
at marker 4, if the marker is enabled.

Displays the frequency, magnitude, and phase of the active 8 Parameter
at marker 5, if the marker is enabled.

Displays the frequency, magnitude, and phase of the active 8 Parameter

KAXXX dB at marker 6, if the marker is enabled.
XXX XXX DEG
Figure 3-111. Menu M4, Readout Marker
360 OM
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MENU

DESCRIPTION

CH1-811
XXX XXX ns DLY

MARKER 1 AREF
XX XKXXXX GHz
MARKER 7O MAX
MARKER TO MIN

A{1-2)
XX.XXXXX GHz
XX XXX dB
(XXX.XX DEG)

Al1-3)

XX XXXXX GHz
XX XXK dB
(XXX XX DEG)

A1 - 4)
XX XXXXX GHz
XX. XXX dB
(XXX.XX DEG)

A{1-5)
XX.XXXXX GHz
XX.XXX dB
(XXX.XX DEG)

a1 - 6)
XX.XXXXX GHz
XX XXX dB
(XXX.XX DEG)

The REF marker, as activated in Menu M2, its frequency, its reference
delay, and the channel on which it appears display here. The REF marker
could be any one of the six available markers: M1-M86. The frequency of
the REF marker can be changed using the keypad or rotary knob,

The marker numbers of the REF marker and the next lowest-numbered
active marker appear between the parentheses. This example assumes
Marker 1 as the Ref marker and Marker 2 as the next lowest-numbered
active marker, The lines below display the difference frequency, (or
time/distance )} and trace value(s) between these two markers on the ac-
tive channel.

The marker numbers of the REF marker and the next lowest-numbered
active marker appear between the parentheses. This example assumes
Marker 1 as the Ref marker and Marker 3 as the next lowest-numbered
active marker, The lines below display the difference frequency, (or
time/distance ) and trace value(s) between these two markers on the ac-
tive channel.

The marker numbers of the REF marker and the next lowest-numbered
active marker appear between the parentheses. This example assumes
Marker 1 as the Ref marker and Marker 4 as the next lowest-nombaersd
active marker. The lines below display the difference frequency, (or
time/distance ) and trace value{s) between these two markers on the ac-
tive channel.

The marker numbers of the REF marker and the next lowest-numbered
active marker appear between the parentheses. This example assumes
Marker 1 as the Ref marker and MarkerS as the next lowest-numbered
active marker, The lines below display the difference frequency, (or
time/distance ) and trace value(s) between these two markers on the ac-
tive channel,

The marker numbers of the REF marker and the next lowest-numbered
active marker appear between the parentheses. This example assumes
Marker 1 2s the Ref marker and Marker § as the next lowest-numberad
active marker. The lines below display the difference frequency, (or
time/distance ) and trace value{s) befween these two markers on the ac-
tive channel.

Figure 3-112. Menu M5, Set AREF Marker Readout

360 OM




H CONTROL PANEL OPERATION MARKERS/LIMITS KEYS AND MENUS

MENU DESCRIPTION

READOUT LIMIT This menu shows all of the frequencies where the active S-Parameter
FREQUENCIES value is equal to either Limit 1 or Limit 2.

~L.OG MAG-

LIMIT 1 (REF) Displays the value of Limit 1.
x.xxx B

LIMIT 2 Displays the value of Limit 2.
x.xxx dB

LIMIT A{1/2) Displays the difference in value between Limit 1 and Limit 2,
x.00x (B

FREQUENCIES Displays all points where the S Parameter is equal to Limit 2.
AT LIMIT2

29843 GHz
57210 GHz
74412 GHz
9.8764 GHz
103801 GHz
155648 GHz

Figure 3-113, Menu LFX, Readout Limit Frequencies

NOTE

There are five "Readout Limit Frequencies" menus. All are essentially identical, except for the
graph type.

# Menu LF1 is as shown,

¢ Menu LF2 is for a “Phase” graph type.

#® Menu LF3 is for a "Group Delay” graph type.

# Menu LF4 is for a “Linear Mag” graph type.

# Menu LF5 is for an “SWR” graph type.
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MENU

DESCRIPTION

SETLIMITS
~LOG MAG~
LIMIT 1 ON (OFF)

Turns the Limit 1 line on or off for the active channel. For your con-

XX XXX dB venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your log-magnitude graph beyond which the measured values are
unacceptable.

LIMIT 2 ON {(OFF) Turns the Limit 2 line on or off for the active channel on the log-mag-

XXH XXX 4B nitude graph.

READQUT LIMIT

Displays Menu LF1, which shows all points where the current

FREGQUENCIES s-parameter equals the limit values.

~PHASE~

LIMIT 1 ON (OFF) Tums the Limit 1 line on or off for the active channel on the phase graph.
XXX XX DEG

LIMIT 2 ON (OFF) Turns the Limit 2 line on or off for the active channel on the phase graph.
XXX XX DEG

READQUT LIMIT
FREQUENCIES

Displays Menu LF1, which shows all points where the current
s-parameter equals the limit values.

LIMITS Enables both limit lines for the active channel on both the log-magnitude

ENABLED and phase graphs.

(DISABLED)

PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until

OR TURN ON/OFF the CLEAR/RET LOC key is pressed.

Figure 3-114. Menu L1, Set Limits—Magnitude and Phase
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MENU DESCRIPTION
SETLIMITS

~LINEAR POLAR-
(~SMITH CHART-)

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel, For your con-
KA XX my venience, the arbitrarily set limit lines allow you to delineate a go/no go

line on your Smith chart or polar display beyond which the measured
values are unacceptable.

LIMIT 2 ON {GFF) Turns the Limit 2 line on or off for the active channel on your Smith chart

XXX mV or polar display.

LIMITS Enables both previcusly set limit lines to appear for the active channel

ENABLED an your Smith chart or polar display.

PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remaing on the sereen until another menu is selected for display or until

CR TURN ON/OFF the CLEAR/RET LOC key is pressed.

Figure 3-115. Menu L3, Set Limits—Linear Polar/Smith Chart
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gy

MENU

DESCRIPTION

SET LIMITS
—LOG MAG~

LIMIT 1 ON (OFF)
XXX XXX dB

LIMIT 2 ON {OFF}
XXXXXX dB

READQUT LIMIT
FREQUENCIES

LIMITS
ENABLED

PRESS <ENTER>
TO SELECT
OR TURN ON/OFF

Turns the Limit 1 line on or off for the active channel. For your con-
venience, the arbitrarily set limit lines allow you to delineate a go/no go

line on your Log Mag display beyond which the measured values are un-
acceptable. :

Turns the Limit 2 line on or off for the active channel on your Log Mag
display.

Displays Menu LF1, which shows all points where the current
s-parametar squals the limit values,

Enables both previously set limit lines to appear for the active channel
on your Log Mag display.

Pressing the ENTER key implements your menu selection, The menu
remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
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Figure 3-116, Menu L4, Set Limits—Log Magnitude
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MARKERS/LIMITS KEYS AND MENUS

MENU DESCRIPTION
SET LIMITS
~PHASE~
LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel on the phase graph.
XXX XX DEG
LIMIT 2 ON (OFF} Turns the Limit 2 line on or off for the active channel on the phase graph.
XXX XX DEG
READOUT LIMIT Displays Menu LF1, which shows all points where the current
FREQUENCIES s-parameter equals the Bmit values,
LIMITS Enables both limit lines for the active channel on a phase graph.
ENABLED
PRESS <ENTER Pressing the ENTER key implements your menu selection. The menu
TO ELECT remains on the screen until another menu is selected for display or until
OR TURN QN/OFF the CLEAR/RET LOGC key is pressed,
Figure 3-117. Menu L5, Set Limits—Phase
MENU DESCRIPTION
SETLIMITS
~1.0G POLAR~-

LIMIT 1 ON (OFF)

Turns the Limit 1 line on or off for the active channel. For your con-

XXX XXX dB venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Log Polar display beyond which the measured values are un.
acceptable.

LIMIT 2 ON (OFF) Tums the Limit 2 line on or off for the active channel on your Log Polar

WX XXX dB display.

LIMITS Ensbles both previously set limit lines to appear for the active channel

ENABLED on your Log Polar display.

PRESS <ENTER:>» Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the screen until another menu is selected for display or until
OR TURN ON/OFF the CLEAR/RET LOC key is pressed.
Figure 3-118. Menu L6, Set Limits—Log Polar
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MENU DESCRIPTION
SET LIMITS

~GROUP DELAY-

LIMIT 1 ON (OFF) Turns the Limif 1 line on or off for the active channel. For your con-

XXX XXX dB venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Group Delay display beyond which the measured values are
unacceptable.

LIMIT 2 ON {OFF} Turns the Limit 2 line on or off for the active channel on your Group Delay

KA XXX dB display.

READOUT LIMIT
FREQUENCIES

LIMITS
ENABLED

PRESS <ENTER>»
TO SELECT
OR TURN ON/OFF

Displays Menu LF1, which shows all points where the current
s-parameter equals the limit values,

Enables both previously set limit lines to appear for the active channel
on your Group Delay display.

Pressing the ENTER key implements your menu selection. The menu
remains on the screen until another menu is selected for display or until
the CLEARVRET LOC key is pressed.

382

Figure 3-119. Menu L7, Set Limits—Group Delay
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MENU DESCRIPTION
SETLIMITS
~-LINEAR MAG-
LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con-
OGN dB venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Linear Mag display beyond which the measured values are
unacceptable,
LIMIT 2 ON {OFF) Turns the Limit 2 line on or off for the active channel on your Linear Mag
XXX XXX dB8 display.
READOUT LIMIT Displays Menu LF1, which shows all points where the current
FREQUENCIES s-parameter equals the limit values.
LIMITS Enables both previously set limit lines to appear for the active channel
ENABLED on your Linear Mag display.
PRESS «<ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT

OR TURN ON/OFF

remains on the sereen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.

360 OM

Figure 3-120. Menu L8, Set Limits—Linear Magnituda
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MENU

DESCRIPTION

SET LIMITS
-LINEAR MAG~

LIMIT 1 ON (OFF)
XXX XXX dB

LIMIT 2 ON (OFF)
XXX.XXX dB

READOUT LIMIT
FREQUENCY

-PHASE-

LIMIT 1 ON (OFF)
XXX XXX dB

LIMIT 2 ON (OFF)
XXK XXX dB

READOUT LIMIT
FREQUENCIES

LIMITS
ENABLED

PRESS <ENTER»
TO SELECT
OR TURN ON/OFF

Turns the Limit 1 Hne on or off for the active channel. For your con-
venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Linear Mag display beyond which the measured values are
unacceptable,

Turns the Limit 2 line on or off for the active channel on your Linear Mag
display.

Displays Menu LF1, which shows all points where the current
s-arameter equals the limit values.

Turns the Limit 1 line on or off for the active channel. For your con-
venience, the arbitrarily set limit lines allow you to delineate a go/no go

line on your Phase display beyond which the measured values are unae-
ceptable.

Turns the Limit 2 line on or off for the active channel on your Phase dis-
play.

Displays Menu LF1, which shows all peoints where the current
s-parameter equals the limit values.

Enables both previously set limit lines to appear for the active channel
on your Phase display.

Pressing the ENTER key implements your menu selection, The menu
remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
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Figure 3-121. Menu L9, Set Limits—Linear Magnitude and Phase
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MENU DESCRIPTION
SETLIMITS
~REAL~
LIMIT 1 ON(OFF) Turne the Limit 1 line on or off for the active channel. For your con-
SOOLXXX pU venience, the arbitrarily set limit lines allow you to delineate 2 go/no go
line on your Real values display beyond which the measured values are
unacceptable.
LIMIT 2 ON {OFF) Turns the Limit 2 line on or off for the active channel on your Real values
XX XXX pU display.
LIMITS Enables both previously set limit lines to appear for the active channel
ENABLED on your Real values display.
PRESS <ENTER:» Pressing the ENTER key implements your menu selection. The menu
TO SELECT remaing on the screen until another menu is selected for display or until
OR TURN ON/OFF the CLEAR/RET LOC key is pressed.
Figure 3.122. Menu L10, Set Limits-Real Valuea
MENU DESCRIPTION
SETLIMITS
—MAGINARY~

LIMIT 1 ON (OFF)

Turns the Limit 1 line on or off for the active channel. For your con-

XXX XXK mU venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Imaginary values display beyond which the measured values
are unacceptable.

LIMIT 2 ON (OFF) Turns the Limit 2 line on or off for the active channel on your Imaginary

KXUXXEX ml values display. -

LIMITS Enables both previously set limit lines to appear for the active channel

ENABLED on your Imaginary values display.

PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the screen until ancther menu is selected for display or until
OR TURN ON/QFF the CLEAR/RET LOC key is pressed.

Figure 3-123. Menu L1, Set Limits—Imaginary Values
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MENU DESCRIPTION
SETLIMITS
~REAL-
LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con-
XAXXAX mU venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Real values display beyond which the measured values are
unacceptable,
LIMIT 2 ON (OFF) Tuarns the Limit 2 line on or off for the active channel on your Real values
XXX XXX mU display.
~{MAGINARY-
LIMIT 1 ON {(OFF) Turns the Limit 1 line on or off for the active channel. For your con-
XOXLXXX pU venience, the arbitrarily set limit lines allow you to delineate a go/no go
line on your Imaginiary values display beyond which the measured values
are unacceptable.
LIMIT 2 ON {OFF) Turns the Limit 2 line on or off for the active channel on your Imaginiary
XAXXXX pU values display.
LIMITS Enables both previcusly set limit lines to appear for the active channel
ENABLED on your Imaginiary values display.
PRESS Pressing the ENTER key implemenis your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until
OR TURN ON/OFF

the C/!;EAH!RET LOC key is pressed.
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Figure 3-124. Menu L12, Set Limits—Resal and Imaginary Values
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ERROR AND STATUS MESSAGES

3¥ ERRBROR AND STATUS MESSAGES

Error and stafus messages are described below.

3-1.1 Message Types

The basic types of messages are categorized by the
first digit of their code number, as follows:

150-169 Peripheral Related

200-299  Front Panel Operations
300-398  Measurement Related
400492 GPIB

3-7.2 Fatal Errors

Some errors are “fatal” in that they cause the ingtru.

000-099 gggvgigﬂ.‘?s?lf Diagnostic ment to terminate operations until you correct the
- amn #2 e . .
020-039 Main #1 cqnéltmn causing the error. Thezs&“errors are listed
040-049 10 Proc with an “X” in the column marked “FATAL.
050-099 Analog Hardware .
100199  System Status 3-7.3 Message Definitions
100-109 Program Load Table 3-3 provides a listing of error message
110-129  Program Initialization definitions.
130-149 Disk Related
Table 3-3. Error Codes and Status Messages {1 of 4}
CODE MESSAGE TEXT FATAL. MEANING
Sulf Test, Maln Microprocassor #2
ooo FIFO RESET FAILURE X FiFQ failed to reset, PCB A12
002 PROM CHECKSUM FAILURE #2 X Prom failure, PCB A12
Co3 BATTERY BACKED RAM FAILURE X Nan volitile RAM failure, PCB A12
004 EXTENDED MEMORY FAILURE X Failura in the extended memory, PCB A12
0es DYNAMIC RAM FAILURE #2 X Dynamic RAM failure, PCB A12
008 TIMER FAILURE #2 X Programmable timer failure, PCB A12
007 INTERRUPT CONTROLLER FAILURE #2 X Interrupt comiroller failure PCB, A12
008 NUMERIC PROCESSOR FAILURE #2 X Numaric processor {ailura, PCB A12
a0s FRONT PANEL INTERFACE FAILURE X interface failure , front panel, PCB A12
10 PRINTER INTERFACE FAILURE X Printer or interface failure PCB A12
Self Test, Main Microprocessor #1
020 FIFOTO # 2 FAILED RESET X intarface failure with FIFG, PCB A12
o22 FIFO TO /O FAILED RESET Intarface failure with FIFO PCB A13
023 PROM CHECKSUM FAILURE #1 X Checksum error, PROMPCB A13
024 DYNAMIC RAM FAILURE #1 X Dynamic RAM tailure , PCB A13
025 TIMER FAILURE #1 X Programmable timer failure PCB A13
026 INTERRUPT CONTROLLER FAILURE #1 X Interrupt controller failure PCB A13
027 MSK DRIVE CONTROLLER FAILURE Disk drive controller failure ,PCB A13
028 DISK DRIVE FAILURE Disk driva SEEK failure, PCB A13
029 NUMERIC PROCESSOR FAILURE #1 X 8087 math coprocessor failurg
030 PROM CARTRIDGEE CHECKSUM ERROR PROM cartridge failure PCB A13
031 DISK DRIVE NOT READY FOR TEST Disketie is not in disk drive
Salf Test, VO Processor
040 PROM CHECKSUM FAILURE 1O X PACM ftailure, PCB A1
041 RAM FAILURE 1O X HAM taiture, PCB AT1
042 TIMERYINTERRUPT LOOPBACK FAILURE X Programmable timer failure, PCB A11
D43 GPIB INTERFAGE FAILURE 1O GPIB tailure , PCB A11
044 FIFC FAILURE 11O X FIFO failure, PCB A11
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Table 3-3. Eyror Codes and Status Messages {2 of 4)

CODE MESSAGE TEXT FATAL MEANING

050 A1 COMMUNICATIONS FAILURE LO 1 Phase Lock PGB Error

051 AZ COMMUNICATIONS FAILURE LO 2 Phase Lock PCB Fallure

052 A3 COMMUNICATIONS FAILURE Cal/Third Local O scillator PCB Failure

053 A4 COMMUNICATIOONS FAILURE Analog to digital PCB failure

054 A5 COMMUNICATICONS FAILURE 10Mhz Reference PCB failure

055 A6 COMMUNICATIONS FAILURE Source lock PCB failure

056 A10 COMMUNICATIONS FAILURE Bandswitch blank/sync PCB

057 8 BIT AD CONVERTER FAILURE Faillure AD PCB Ad

058 STEERING DAC FAILURE Failure AD PCB A4

059 12 BIT A/D OR STEERING DAC FAILURE Failure VD PCB A4

060 TEST SET NROT GONNECTED OR NOT
WORKING Ganeral faillure of test sat

081 TEST SET CHAN A CAL PHASING FAILURE Test et CHAN A failure

082 TEST SET CHAN ACAL LEVEL FAILURE Test sot GHAN Afailure

063 TESTSET CHAN A GAIN FAILURE Test set CHAN A failurs

064 TEST SET CHAN A PHASE RANGING FAILURE Test set CHAN A fallure

065 TEST SET CHAN B CAL PHASING FAILURE Tastset CHAN B failure

067 TEST SETCHAN B GAIN FAILURE Testset CHAN B fallure

068 TEST SET CHAN B PHASE RANGING FAILURE Test set CHAN B fallure

068 TEST SET REF CHAN CAL PHASING FAILURE Test sat REF CHAN failure

070 TEST SET HEF CHAN CAL LEVEL FAILURE Test sel AEF CHAN fallure

o7 TEST SET REF CHAN GAIN FAILURE Test set REF CHAN failure

o7z TEST SET REF CHAN PHASE RANGING Test set REF CHAN failure
Systern Slatus, Program Load

100 DISK DRIVE NOT READY X Program failed to load from disk, {disk installed?)

101 PROGRAM DATA ERROR X Program failed to load from disk,

102 PROGRAM FILE MISSING Loader could not find system files

103 Disk ERROR The 360 is unable to read the diskette

104 UNKNOWN DISK ERROR Loader failed a consistency check

105 PROGRAM DATAERROR QN # 2 Program for processor #2 failed to load
Prograrm Initialization

110 SCURCE ID FAILLIRE No sweepar ID on GPIB; sweepsr may

not be connected.

111 TEST SETNOT CONNECTED X injtialization detects a descrepancy.

112 TEST SET FREQ. RANGE X Initialization detecis a descrepancy.
DOES NOT MATCH SOURCE

113 CAL DATA NOT FOUND: CHANGE File not found on disk with name matching
DISK AND PRESS <ENTER» that in battery backed RAM.

114 PROGHAM ERROR X Program cotrupted,

115 PROCESSOH COM ERROR X FIFC Synch problem Disk Related,
Program inltialization, Disk Related

131 DISK READ ERROR Hard arror seading from disk.

132 DISK WRITE ERRCH Hard error wiiting 1o disk,

133 FILE DELETION ERROR Write protect tab is in “read only” position,

134 DISK NOT READY Disk not in unit or not formatied

135 DISK WRITE PROTECTED Write protect tab is in "read only™ position,
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Table 3-3. Error Codes and Status Messages (3 of 4)

CODE MESSAGE TEXT FATAL MEARING
136 QUT OF DISK SPACE Disk file space full
137 FILE 1S INCOMPATIBLE Fiie is not a 360 data or program file.
138 NO SPACE FOR NEW DATAFILE Disk file spaca full.
139 FILE MARKED BEAD ONLY Read-only atiribute set on file.
140 NO FILES REMAIN TO OVERWRITE All files of the type have boon deleted.
141 NO FILES REMAIN TODELETE All files of the type have boen doleted.
Program Inftialization, Peripharsl
170 PRINTER NOT READY Printer “off line” or not connected.
171 PLOTTER NOT READY Plotier “off line” or not connected.
Control Panel
200 SELECTED FREQUENCY OUT OF CAL RANGE Cal. range does not Include selectad frequency.
201 MARKERS SELECTED FOR READOUT NOT
ACTIVE IN SWEEP RANGE Sweap range does ndot include selscted fraquancy.
208 OUT OF RANGE Attempted to anfer an oub-cl-range parameter.
208 START GREATER THAN STOP Attemptad 10 a set start frequency that was
greater than the stop frequency.
219 QUT OF RANGE 20 PERCENT MAX Attempted to enter a smoothing or group delay factor
that was greater than 20%.
213 OUT OF HW RANGE Attempted to anter a frequency that is outside of
the system hardware range.
216 TGO MANY POINTS, Attempled to set ioo many discrate
501 MAXIMUM fraquency points.
217 TOO FEW POINTS, Attempted to set 1o few discrate frequency points.
2 MINIMUM
218 DISCRETE FREQS LOST Setup changed in N-discrete frequency mode.
220 QUT OF SWEEP RANGE Attempl fo set marker ouiside sweep range.
221 QOPTION NOT INSTALLED The selected apltion is not installed
222 MEAS. DATANOT AVAILABLE No measured data on channel o be stored,
FOR STORAGE
223 NO STORED MEMORY DATA No data available in memory for channel,
224 SYSTEM BUS ADDRESSES Attempt fo set GPIB addresses to same value,
MUST BE UNIQUE
225 SYSTEM UNCALIBRATED ne cal exists,
228 MEMORY LOCATION Saved state dats Is Invalld,
CORRUPTED
227 SETUP INCONSISTENT Saved state not compatible with hardware or
RECALL ABORTED software version
228 WINDOW TOO SMALL Atternpt to set start greater than or equal to stop.
229 OUT OF WINDOW RANGE Aitempt to set marker cuiside start 10 stop range.
230 ATTENUATOR UNAVAILABLE Selected attenuators not availabla in test set
231 START MUST BE LESS THAN Attempt to set start greater than or equai fo stop
STOP in marker sweeap
232 LLEGAL IN CW MODE Attempt to readout limit frequancy.
233 LLEGAL IN TIME DOMAIN Attempt 1o readout limit frequency,
284 BOTH LIMITS MUSTBE OR Attempt 1o readout limit frequency.
235 Stop is Over Range Discrete fill parameters cause $iop 10 go over
hardware range
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‘Table 3-3. Error Codes and Status Mesanges (4 of 4)

CODE MESSAGE TEXT FATAL MEANING
238 Qut of Ramge 10 % Minimum Attemnpt to sel pen spoed to below 10%
270 UNCALIBRATED Channel has 8 parameter for which
calibration does not exist,
271 PRINTER NGT READY Printer not connacied or paper out.
272 TOO MUCH PRINT DATA Print buffer is full. Reduce number of channels
or data points.
273 PLOTTER NOT READY Piotter not connscted,
280 CAL INVALID Calibreation is incorract for S paramelasr displayed.
281 TIME DOMAIN INVALID Tima domain cannot bs used
in currant setup
282  GROUP DELAY INVALID Group delay cannot ba used
in currant seiup
. 283 GATE MUST BEON Attempt to select Frequency With
Time Gate with gate off.
284 SMOOTHING INVALID Attempt to use smoothing while
in C.W. mode.
285 MEMORY DATA INVALID Setup has changed since data was stored.
Measurement Related
360 LOWIF Insufficient signal level detacted:
Davice under test may not be connecied.
301 LOCK FAILURE RF source failed 1o lock to reference
osciiiator in 360 lestsel.
302 A/D FAILURE Analog to Digital converior not
functioning in 360 mainframe.
33 RE OVERLOAD Test signal lavel is too high: reduce
source level or add attenvation.
310 SWPR 1) FAILURE Communications iost with RF scurce,
311 SWPR SELF TEST FAILURE RF source failed power on
seff test program.
312 NOTESTSET Test set not connacied . Reconnect and cycle
power 1o clear
4PIB Related
400 GPIB ERRCR Data transmission error on GPIB
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3-8 DATADISPLAYS

3-8.1 Display Modes and Examples

The 360 displays measurement data using a “Chan-
nel Concept.” This means that each channel can dis-
play a different 8-Parameter and a different graph
type for each S Parameter. As you select each chan-
nel the pgraph type, scaling, reference delay, S-
Parameter, ete. associated with that channel appear
on the screen. You can display the same S-Parameter
on two or more channels. Figure 3-125 showsthe pos-
sible displays. Figures 3-126 thru 3-129 show ex-
amples of each display format.

3-8.2 Graph Types

Several graph-types are possible: polar, rectilinear,
Smith chart . The rectilinear graph-type may be mag-
nitude, phase, magnitude and phase, SWR, group
delay, real, imaginary, and real and imaginary. The
Smith chart graph-type is one specifically designed
to plot complex impedances.

DATA DISPLAYS

«. Graph Data Types

The data types (real, imaginary, magnitude,
phase) used in the displayed graph-types reflect
the possible ways in which 8-Parameter data can
be represented in polar, Smith, or rectilinear
graphs, For example: Complex data—that is,
data in which both phase and magnitude are
graphed—may be represented and displayed in
any of the ways shown below.

1. Complex Impedance; displayed on a Smith
chart graph.

2. Real and imaginary; displayed on areal and
imaginary graph.

3. Phase and magnitude components; displayed
on a rectilinear {Cartesian) or polar graph.

In addition to the above, the 360 can display the
data as a group delay plot, In this graph-type, the
group-delay measurement units are time. Those

of the associated aperture are frequency and
SWR.

Single Channel Display

Channel 1, 2, 3, or 4. You sslect this dispiay typo by choos-
ing “single display” on menu CM {Figure 3-73). Possible
graph-typas are eoither single Smith, polar, or ractiinear or
dual rectilinear (rmagnitude and phase),

Dual Channel Display

CH1 orCH2

CH3 or CH4

Channels 1 and 3 or 2 and 4. If you have chosen to display
magnilude and phase, the affected area of the CRT screen
Is subdivided inlo two smaller portions. You select this dis-
play type by choosing "Dual Display” in Menu CM.

Four Channel Display

CH1 CHz

CH3 CH4

Channels 1, 2, 3 and 4. From four-to-eighl graph-types are
displayed. In each guadrant, the graph-type can be any of
the possible choices fisted in the GT menus (Figure 3-78
and 3-77} . i you have chosen o display magnitude and
phase for a channel, the quadrant displaying that channe
is further subdivided as described above. You selact this
display typa by choosing “All Four Channals” in renu CM,

Figure 3-125. Types of Displays

360 OM
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Figure 3-126. Single Display

Figure 3-128. Dual Display
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Figure 3-127, Single Display, Log Magnitude
and Phase

The quantity group delay is displayed using a
modified rectilinear-magnitude format. In this
format the vertical scale is in linear units of time
(ps-ns-us). With one exception, the reference-
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Figure 3-129. Four Channel Display

value and -line functions operate the same as
they do with a normal magnitude display. The ex-
ception is that they appear in units of time in-
stead of magnitude.
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b. Graph Type Examples 3-8.3 Frequency Markers
F;gu;ez 3-130 thru 3-135 show examples of each a. Marker Annotation
graph-iype. Figure 3-136 shows how the 360 annotates
markers for the different graph-types. Each
S22 MEV AEFL  SREF-B.000U 1.000U/DTV 821 FORWARD TRANSMISSION

LINEAR MAB. SREMmABC . GUOU A0. 000U/ oIV

<}
45
i
e T AR I
L 3 T < LAY u i =2
. 5000 BHz 16,0000
130‘ } o
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WPEVEN L PWY WAV VA AT AL
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- i Y fM
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¥

i
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Figure 3-130, Linear Polar Graticule Figure 3-132. Dual Channel Ractilinsar
Graticule
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Figure 3.131. Log Polar Graticule Figure 3-133. Normal Smith Chart
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THPEOANGE
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Fipore 3-1234, 3 dB Compressed Smith Chart

marker is identified with its own number. When
a marker reaches the top of its graticule, it will
flip over and its number will appear helow the

Figure 3135, 20 dB Expanded Smith Chart

When markers approach the same frequency,
they will overlap. Their number will appear as

close to the marker as possible without overlap-

symbol. ping.
s12 LOGEMER
-0, 000dB 20.00008/
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Figure 3-136. Marker Annotation
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b, Marker Designation

Depending on menu selection, you may designate
a marker as the “active” or the “delta reference”
marker. If you choose a marker to be active—in-
dicated by its number being enclosed in a square
box--you may change its frequency or time {dis-
tance) with the Data Entry keypad or knob. If you
have chosen it to be the delta-reference marker,
a delta symbol (A} appears one character space
above the marker number (or one character space
below a “flipped™ marker). If the marker is both
active and the delia reference marker, the num-
ber and the delta symbol appear above {below)
the marker. The delta symbol appears above
{below) the number,

3-8.4

Limit lines function as settable mazimum and mini-
mum indicators for the value of displayed data. These
lines are settable in the basic units of the measure-
ment on a channel-by-channel basis. If the display is
rescaled the limit line(s) will move automatically and
thereby maintain their correct value(s).

Limits

Each channel has two limit lines (four for dua) dis-
plays), each of which may take on any value. Limit
lines are either harizontal lines in rectilinear displays
or concentric circles around the origin in Smith and
polar displays.

3-8.5 Status Display

In addition to the graticules, data, markers, and
marker annotation, the 360 displays certain instru-
ment status information in the data display area.
This information is described below.

a. Reference Position Marker
The Reference Position Marker indicates the
location of the reference value. It is displayed at
the left edge of each rectilinear graph-type. It con-
sists of a triangular symbol identical to the cur-
sor displayed in the menu area. You can center
this symbol on one of the vertical graticule
divisions and move it up or down using the
“Reference Position” option. When you do this,
the data trace will follow this marker. If you also
select the value option, the marker will remain
stationary and the trace will move with the max-
imum allowable resclution. When changing from

a full-screen display to half- or quarter-screen .

360 OM

display, the marker will stay as close to the same
position as possible.

b. Analog Instrument Status
The 360 displays analog-instrument-status mes-
sages (in red when appropriate)} in the upper right
corner of the data-display area (Figure 3-137).
They appear at the same vertical position as line
2 of the menu area. If more than one message ap-
pears, they stack up on below that line.

DATA DISPLAY AREA MENU AREA

Sweep Indicator Marker

PN P L R Y T R e N T Y T Y I Y]

Figure 3.137. Display Screen Showing the Dats-Dis-
play and Menu Areas and Sweep Indicator Marker

¢. Measurement Status
The 360 displays measurement-status messages
(in red when appropriate) in the upper-right
corner of the praticule (channel) to which they
apply.

d. Sweep indicator Marker
The sweep indicator marker (Figure 3-137) indi-
cates the progress of the current sweep. When
measuring quiet data—that is, data having few
or no perturbations-—this indicator assures that
the ingtrament is indeed sweeping.

The indicator—a bhre horizontal line segment
15 pixels long by 1 pixel high—appears along the
bottom edge of the data display area. Its position
is proportional to the number of data points
measured in the current sweep. When this sweep
completes, the line segment will have traveled
the full width of the data display area. If the
sweep should stop for some reason, the position
of the indicator will stop changing until the sweep
resumes.
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Figure 3-138, Active Channel Algorithm

386 Data Display Control

a. Active Channel Selection
Figure 3-138 shows the algorithm that the 360 uses
to display the active channel

b, S-Parameter Selection

If you select & new S-Parameter using Menu SP
(Figure 3-71), it appears on the then-active chan-
nel in the same graph-type it was displayed-in
last. Table 3-4 shows the displayable 8.
Parameters based on the type of correction you
have in place. If you attempt to display other S-
Parameters, an error message displays. In cases
when there is no last-displayed S-Parameter
stored, the display will default as shown in the
Table 3-4,

&,

If you select an S.Parameter {or if the 360
defaults to one) for which there was no last-dis-
played graph-type, the display defaults to the fol-
lowing:

821 and S12: Log Magnitude and Phase

811 and Sg22: Smith,

Data Display Update

When you change a control panel parameter that
affects the appearance of the display, the entire
display changes immediately to reflect that
change. For example, if you press AUTOSCALE,
the entire display rescales immediately. You do
not have to wait for the next sweep to see the
resulis of the change. The following parameters
are supperted for this feature:

Table 3-4. Display Types and Defaulis by Correction Type

Displayable Defaults
Corraction Type S.Paramaters CH1 CH2 CH3 CHa4
None Alf Siq S Sas Soz
Frequerncy Response
Transmission 521 Sx Sy 8z 82
Reflection 51 511 S S S
Both 511, 21 81 S Sz Ba1
1-Path Z2-Port 811, 521 814 814 821 St
12-Term All "By Sz Sz 8oz
Reflection Only S S By 81 Sy
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Reference Delay, Offset, Scaling, Auto Scale,
Auto Reference Delay, Trace Math, IF BW, and
Smoothing, In the case of Averaging, the sweep
restarts.

If the knob is used to vary any of the above para-
meters, the change occurs as the measurement
progresses—that is, the continuing trace will re-
flect the new setting(s).

When you change a marker frequency or time
{distance), the readout parameters will change.
The changes reflect by the marker’s new fre-
quency, using data stored from the previous
sweep.

. Display of Markers

Once you have selected a marker to display, it
will always display. It does not matter what
resolution you have selected. When you set a
marker to another calibrated frequency, then
lower the resolution, that frequency and the
marker will continue to display. It will display
even if its frequency is not consistent with the
data points in the lower-resolution sweep.

Hard Copy and Disk Oulput
In addition to the CRT display, the Model 360 is
capable of outputting measured data as a

1. tabular printout,

2. screen-image printout,

3. pen plot,

4, disk image of the tabular data values.

The selection and initiation of this output is con-
trolled by the OUTPUT keys.

Tabular Printout
Tables 3-5 thru 3-7 contain examples of the prin-
tout formats. These formats are used as follows:

1. Tabular Printout Format: Used when printing
three or four channels.

360 OM

2. Alternate Data Format: Used when printing
one or two channels.

In tabular printouts, the 360 shifts the data
columns to the left when an S-Parameter is
omitted. Leading zeroes are always suppressed.
The heading (Model, Device 1/0, Date, Operator,
Page) appears on each page. When using the
360SS sweeper, frequencies are in the format
KX XXXX." When using the WILTRON Model
2225C Ink Jet printer, place all of the rear panel
MODE SELECT switches in the down (OFF)
POSITION.

Screen-Image Printout

In a Screen-Image Printout, the exact data dis-
played on the screen is dumped to the printer.
The dump is in the graphics mode, on a pixel by
pixel basis. A header (Table 3-7) prints before the
screen data prints,

. Plotter Ouitput

The protocol used to control plotters is “HP-GL”
(Hewlett-Packard Graphics Language). HP-GL
contains a comprehensive set of “vector
graphics” type commands. These commands are
explained in the Interfacing and Programming
Manual for any current model Hewlett-Packard
plotter, such as the T470A.

When the plotter is selected as the output device,
it is capable of drawing the graph shown on the
screen or of drawing only the data trace(s), so
that multiple traces may be drawn on a single
sheet of paper (in different colors, if needed).

Disk Oulput

The 360 can write-to or read-from the disk all
measured data. This data is stored as an ASCII
file in the exact same format as that shown in
the Table 3-5. If read back from the disk, the
data is output to the printer. There, it prints as
tabular data.
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Table 3-5. Example of a Tabular Printout

CHILTROD
360 HETHORK ARALYZER
WeEL:  TEST DEVICE PATE:  §/RA Pagp 1
[EVICE ID: 12345679 OPERATOR: ROY STEMRRT
SEEP DAIR
STAeT:  G.5000 G BATE START: - gt ool o
STOP:  YB.0000 Mz BAIL ST0P: - RUCRAEING:  t PIS
SR 350.0 Mz BRIE: - TF BNDUDTH:  REORCED
HENDR: .
(- ~£H2 ---(H3 - e mmmmmse
S-PARRETER: i 52 51 §22
HORMRLE2ATI0N: i OFF BFF o
REF OELAY: 0008 gy .08 s 0.000 s 0.0 s
AOOTHING: 9.0 PERITHT 0.0 PREEN 8.0 PERCYMI 0.0 PERCEW
DELAY APERTURE: - - - -
HARKERS:
MR FREQ RESISTARCE RERCTANCE HRGRI THRE PHASE HREKITUNE PHRSE RESTSTACE REATTRACE
: BHz ) ;1] dd Deg 4 Deg 15 L 5]
1 7.8500 B5.7030+80  -TL.WP0E-D0 113 -151. 6% 1200 8.7% 19825008 20, 7166400
3 1, 665D 30.3480+00 -4, 518000 .47 ~0.841 12,489 ~A. 145 B.950EH0D 340550400
£ 1480 #7950 6518 LR 5.288 11.128 -108, 404 0 6, 20664007
6 165450 38,3300 -20. 030000 1.322 .83 11,94 45,998 BAME 55, BN EB0
FREQUEACY POTRTS:
PNT  FREQ RESISTRHCE RERCTAKCE NASNITHEE PHASE PABNETUDE PHBSE RESISTRACE KERLTRNCE
I B s Gt & i3 8 {eg oS L
1 8.5000 .80 L0600 1628 He, 71 13,00 -8.95 17081000 6. 388000
2 1.3350 B3.165E+G0  -5.0360:00 4,44 -31.849 12,883 ~32.52 Q205000 15530000
3 15704 £,5080600 14080 542 166,530 12.568 &5 2.W2000 12790000
L] 2.7058 60,4800+00 13, 56%E+00 6158 -17.86% 1.3 3657 e 3.7290+00
] 14m 9.521008 7. 7830 4295 176,085 12.5% 128.759 G0.4630+06  -%.2680+00
6 4.1 £A8 12.3% -1, 085 29.015000 15016080
124,935 28507000 1.308480
A35E+00 £, 925000 . .
L3350 59, 466+00 8. 758E+08 L1556 ARAY; th
3 166700 I0.326E+08  -21,6560+00 4.389 112,38 3,%2 12.4829 Ty T v —rr O
U 66,534E.00  -31,8920400 LM 55,676 §.860 L. 1193000 20920000
5 18,000 85, 1540400 7.59830:00 3.5% 156, 557 10.68 9,061 1, 43000 40 HBEED
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Table 3-8, Example of an Alternate-Data Tabular Printout
HILTRON.
0 NETHORK AHALYZER
MODEL : TEST_DEVICE DATE: gsea/87 Page 1
DEVICE ID: 12348678 OPERATOR: ROY_STEWART
SWUEEP DATA
START: 9.5800 GHz 6ATE START: - ERROR CORR: NONE
STOP: 18,0000 6Hz BATE STOP: - AVERAGING: i PTS
STEP: 350.0 MMz BATE: - IF BNDWDTH: REDUCED
WINDOW: -
wwwwwwwwwwww CHl e e e e ] e e e
S-PARAMETER: St 82
NORMALIZATION: OFF OFF
REF DELAY: ?.000 ps Q.000 pe
SMOOTHING: 9.0 PERCENT 0.8 PERCENT
DELAY APERTURE : e -
MARKERS:
MKR FREG RESISTANCE REACTANCE MAGNITUDE PHASE
# EHz OHME OHME 4B Dag
1 7.8500 B5.821E+20 -11,990E+@8 12.985 88,881
3 4,B850 37.755E+20 ~4 . 512E+00 12,482 -21.169
g 13.485%08 41.73BE+08 -8 . S3BE+00 11,121 -185.378
8 19.5458 38.324E+00 -28. V@7E+20 11,339 45,4982
FREGQUENCY POINTS:
PNT FREQ RESISTANCE REACTANCE MAGN] TUDE PHASE
% GHz OHMS QHMS oB Deg
i 9.5000 47,.248E+00 ~14,036E+00 13.086 ~8,877
2 1.2350 B3.171E+00Q -5 . Q2ZE+00 12.874 -32.635
3 1.9700 42.523E+00 ~7.461E+00 12.557 22.233
4 2.70%0 £50.396E+00 13.54TE+QQ 12.226 13,6749
5 3.4400 39,.521E+00 ~7.TTTE+0Q 12.538 128.750
g8 4.,1750 47 .1 78E+0Q@ 6.193E+0Q 12.328 -177.098
7 4.9100 B5.105E+00 377, 203E-03 12.897 ~124.948
8 5.6458 50.254E+00Q -7.T99E+00Q 12.6827 -53.0198
9 5.32800 71.883E+Q0 26.052E+00 F2.eo1 ~-18,182
1@ 7.115@ 55.862E+00 ~1,837E+9 12,188 35,397
i 7.850@ 85.821E+008 “H.‘E}QQE+GQ 12.885 g8 681
12 8.585%0 41.437£+20 24 .50BE+00 11,976 143,947
3680 OM 3-108
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Table 3.7, Example of a Screen-Dump Header

#i CONTROL PANEL OPERATION

HILIRIN
0 HETHRK ALYTR
MEEL:  TEST DEVIE MIE:  sammr P i
(EVICE ID: RMB678 OPERATR: ROY STEWRT *
QTR oAt
START:  €.5008 fér GRYESTART: - (oo gnicool i
SHOP:  1E.B000 Bz BRIE STap: - AUfRRGIHG: 1 PIS
§TEP:  350.0 Mz BRIE: - IF BHOUDTH: WEDMLED
UTHAU: -
X RN (hz- i vasmm m =L {Bfesn
S-FRRRICIER: 5 512 il 522
NRMALTZRT LON: ur iifF {rf i1
REF DELRY: 0,080 s 8008 s 0.000 pe 0,006 ps
SOOTHING: 8.0 PERCTNT 0.0 PERLENT 1.0 PERCENT 0.0 PLRCENE
QELAY APERTURL: - - - -
sie LOGM+R
»0.0008 10.0004B -
s£214 LOGH+R
PO .000HB ;0-000&8/
3-110 366 OM
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MODEL 360 SYSTEM REAR PANEL CONNECTORS

3-9

MODEL 360 SYSTEM REAR PANEL
CONNECTORS

Figures 3-139 thru 3-146 describe the rear panel connectors
for the 360 system instruments.

PORT 1
BIAS INFUT

(i

PORT 2
BIAS INPUT

5
Hc
Hl&
o
1l

SIGNAL

=
Lol
0
2ol
o
cO|
o

380

CONTAOL

Sthial NG,

S Soocoooares o L0 N

PORT 2 BIAS INPUT: Provides for applying an ex-
ternal bias to the active device connected 1o test
port 2 without disturbing the accuracy of the 360
measurement.

360

SIGNAL: 17-pin/7-video connector that
provides signal and control lines for the com-
panion analyzer. Figure 3-143 describes the sig-
nal lines and shows the connector pinout.
CONTROL: 37-pin connector that provides sig-
nal and control lines for the companion test set,
Figure 3-145 describes the signal lines and
shows the connector pinout.

L3BO115

EXTENSION CABLE ACCESS:

Removal cover that allows for special customer
needs in which phase-compensation cables need
to be located outside of the test set.

RF INPUT: Inpu port for the RF/microwave signal
from the frequency Source.

PORT 1 BIAS INPUT: Provides for applying an ex-
ternal bias to the active device connected to test
port 1 without disturbing the accuracy of the 360
measurement.

Figure 3-139. Model 36XX Test Set Rear Panel Connectors

360 OM
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@

SEAIRCE COMPREL
BUKIER  BYBTEMRUS

SRR R R

i/

4 EAA WAK

10 34 REF o s s A3 EAT ORLY
o

@ @j St : i w‘v 5 . ::: LBE Y 154

4¢3 0 DUT S 880

Figure 3-140. Model 360 Network Analyzer Rear Panel Connectors (1 of 2)
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MODEL 360 SYSTEM REAR PANEL CONNECTORS

@ 10 MHz REF

IN: BNC connecter that allows an exiemnal
10 MHz signal (-5 to +5 dBm) to be used as the
frequency reference for phase logking the source
frequency. 500 impedanca.

QUT: BNC connector that aliows the internal
10 MHz reference to be used 1o phase lock an ex-
ternal counter or othar measuring instrument.
Levelis typically 0 dBm into 500 impedance.

360 GPIB: 24-pin connsctor that provides for
remately controlling the 380 from the IEEE-488 bus
(GPIB). Figure 3-142 provides a pinout diagram,

TESTSET:
SIGNAL: 17-pin/7-video connactor that provides
signal and control lines for the companion test set.
Figure 3-143 describes the signal lines and shows
the eonngcior pinout,
CONTHOL: 37-pin connector that provides sig-
nal and control lines for the companion test set.
Figure 3-145 describes the signaliines and shows
the gonnsctor pinout,

LINE FUSE: 3 AGfuse cartridge that protecisforan
input-overcurrent condition, The fuse should be 4A
tor line voltages between 100 and 120 Vac and 2ZA
for fing voltages betwesn 220 and 240 Vac.

LINE SELECTION: Slotied control that switches
betwean 110 and 220 Vac line voltages.

Line Voltage Module: Three-prong ac plug and
module that provides filtering for the 50/60 herz

@ OUTPUT

input-line power, The line voltage must be befween
+ 5% and -10% of the nominal, input 100-120 or 220-
240 Var value.

PRINTEHR: 36-pin connecior that provides a paral-
lel interface to the companion printer. Figure 3-144
dascribes the signal lines and shows the connecior
pinout.

COMP VIDEO: HCA phono jack that provides a
talavision composite-video signal for displaying the
360 CHT display(s) on an external black and whits
(B/W) television monitor.

EXT CRT: 15-pin connector that provides a variely
of signals for displaying the 360 CRTY display{s} on
different types of color and B/W monitors, Figure 3-
146 describaes the signal lines and shows the con-
neclor pinout.

CRT INTEN: Control that adjusts the screen inten-
sity of the external monitor.

CRT DEGAUSS: Momentary-on pushbutton that
degausas the intarmal color moniter. It has no effect
on a monochrome moniar,

SOURCE CONTROL

BANDSWITCH BLANKING, Nct presently used,
EXT FM ZLOCK QUTPUT. Provides a -6
MHz/Voit signal 1o phase lock the swesper to ths in-
tarnal {ctystal) relerence for exactfrequency control,
SYSTEM BUS: 24-pin connactor that provides for
remotaly controlling the frequency source and plot-
tar—from tha 360—via the |EEE-488 bus (GFIB).
Figure 3-142 provides a pinout diagram,

Figure 3-140. Model 360 Network Analyzer Rear Panel Conneciors (2 of 2)

360 OM
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it CONTROL PANEL OPERATICN

GPIB Interface: 24-pin connector Lhat provides
for remotely controlling the frequency source from
the [EEE-488 bus (GPIB}—via the 380 systemn
bus. Figure 3-140 provides a pinout diagram,

ADDRESS SWITCH: Provides for changing the
GPIB address. The address is setlo 5 befara leav-
ing the factory, Refer 1o Section 2, paragraph 2.8
for instructions,

EXT FM SLOCK INPUT Accepls a—6 MHz/ Volt
signal to phase lock the sweeper to the internal
{crystal) reterance for axact fraquency conlrol.

Line Selector Modula: Provides for selecting
between four international line voltages: 100,
1101120, 200, 220/240 Vac, Refer 1o Section 2,
paragraph 2-& for instructions on how to change
fo a different line vollage.

3-114

Figure 3-141, Model 36085XX Frequency Source Rear Panel Connectars
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2
11
1
-3
8
7
6
5
4
3 380G
2
1
Pinout Diagram
PIN NAME DESCRIPTION
1-4 BlO 1 thru DIC 4 Data Input/Output. Bits are HIGH with the data is logical 0 and LOW when
the data is logical 1.
5 ECI End Or ldentify. A low-true state indicates that the last byte of a multibyte
meassage has baan placed on the lina,
& DAy Data Vaiid, A low-true state indicates that the talker has {1) sensed that

NRFD is LOW, (2) placed a byte of data on the bus, and (3) waited an ap-
propriate length of time for the data to setile.

7 NAFD Not Ready For Data. A high-true state indicates that valid data has not yet
been accepted by a listener.

8 NDAC Not Data Accepted. A low-true slate indicates that the current data byte
has been accepted for internal pmcessing by a listenor,

g IFC interface Cloar. A low-rue state places all bus instruments in a known
state--such as, unaddressed o talk, unaddressed to listen, and service
raquest idle,

10 SRG Service Heoquest, A low-true state indicates that a bus instrument nesds

) service from the controlier,
11 ATN Attention. A low-trus state enables the conirolier ta respond both o its own

listendalk address and to appropriate interface messages— such as,
device clear and serial poll.

12 Shigld Ground point.
1318 DIC5thruDIOSE Data Input/Output, Bits are HIGH with the data is logical 0 and LOW whon
the data is logical 1.
17 REN Reamote Enable. A low4rue state enables bus instruments to be operated
remotely, when addressed,
18- GND Logic ground.
24

Figure 3-142, Pinout Diégram, GPIB Connector

360 OM 3115
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Pinout Diagram
PIN NAME DESCRIPTION
1 EXTAD External analog-to-digital-converter input.
Z EXT AD RTN Return for EXT AD converter input.
38 Spare
g LO2 LOCK 2nd local osciliator phase-lock arror signai.
10 LO2 LOCK RTN Retumn for 2nd LO phasa.ock arror signal,
11 LO2 DAC Local Oscillater 2 loop gain,
12 LO2 DAC RTN Raturn for LO2 DAC loep gain.
13 Spare
14 L&1 LOCK 15t local oscillator phase-lock error signal.
15 L1 LOCK RTN Return for 13t local osciflator phase-lock arror signal,
16 L1 BAC Local oscillator loop gain.
17 LO1 DAC RTN Return for LOY loop gain,
Al CHNATF Channel ASrd F.
A2 FIRST LO First local osciflator reference,
A3 SCURCE LOCK Source ock I signal,
Ad 3rd LOMCAL 3rd local osclliator/83 1/3 kHz IF cal,
AS CHN REF Reference channet, 3rd [F,
AB SECOND LO Second loca! oscillator relerance.
A7 CHNBIF Channel B 3rd IF.

3-116

Figure 3-143. Pinout Diagram, Signal Connector
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MODEL 360 SYSTEM REAR PANEL CONNECTORS
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Plnout Diagram
PIN NAME DESCRIPTION
1 STROBE Printer Strobe, A low-true pulse that tells the printer valid data has been
placed on the bus.
29 DATA1 thru DATAS Data Lines. Bits are HIGH when the data is a icgical 1 and LOW when the
data is a logicat 0.
10 ACK NLG Printer Acknowladgament. Alow-true, approximately 5 s, pulse sent back
by tha printer to acknowledge that the data has been accepted.
11 BUSY Printar Busy. High-true level sent by the printer fo indicate that il is not avail-
able. This line is HIGH at tha following times: {1} During data entry. (2}
While printing. (3) When ofi-line. {4) When a printer-error has been sig-
naled,
12 PE Printer Error. High-true level sent by the printer to indicate that #t is out of
paper.
13 SLCT Selact. A high-true kogic level.
14 AUTO FEED XT Automalic Paper Feed, A low-irue level that tells the ptinter 1o teed the
paper automatically,
18 NC No Connection
18 oV Logic GND Level
17 CHASSIS GND Ghassis ground, which is isolated from logic ground.
18 NG No Connection
19 STROBE RTN Raturn line for STROBE signal.
20-27 DATARTN Return fines for DATAY thru DATAS lines,
Figure 3-144. Pinout Diagram, Printer Connector {1 of 2)
3600M
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Pinout Diagram (Continlued)
PIN NAME DESCRIPTION

28 ACKNLG RTH Return line for ACKNLG signal.

29 BUSY RTN Return line for BUSY signal,

3o PE RTN Return line for PE signal.

a NIT Printer Initial State. A low-true pulse that tells the printer to assume #s ini
iial state and clear #ts print buffer.

32 ERROR Printer Error. Alow-true signal that indicates the printer is (1) out of papet,
{2} off Iine, or {3) in an error state,

33 GND Ground level.

34 NC No Connecticn

35 +5V +5 volt de [evel,

38 SICTIN Priniter Select Input. A low-true level that permits the printer 1o accept data.

Figure 3-144. Pinout Diegram, Printer Connector (2 of 2)
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Pinout Diagram
PIN NAME DESCRIPTION
1 Chassis ground
2 +8V ATN Raturn for the +8Y input,
3 +8V +BV input.
4 +18¥ RTN Return for the + 18V input.
8 +18¥ BTN Return for the +18Y input.
6 +18Y +18V input,
7 ~18Y +18Vinput,
8 +27V RTN Return tor the +27V input.
9 +27Y +27V input.
10 Spare
11 STATUS Alogic-low-signal level indicates that the status of the test set is not satis-
factory for the measurement of data.
i2 Spare ,
13 LLOAD RTN Raturn for the L LOAD signal.
14 TS STROBE BTN Raturn for tha Test Set STOBE signal,
15 DATA RTN Return for tha DO-D7 data/address lines.
18 M Data/Address Lings. Bits are HIGH when the data/address signal is a
Figure 3-145, Pinout Diagmﬁn, Contral Connector (1 of 23
360 OM 3119
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Pinout Diagram {Continued)
PIN NAME DESCHIPTION

17 03 Same as above,

18 0S5 Sama as ahove.

18 D7 Sama as abova,

20 Spare

22 +8V +8V input.

23 +18Y RTN Retum for the +18V input.

24 +18Y +18V input.

25 +18¥V +18V input.

26 ~18V —18V input.

27 27V RTN Return for the 27V input.

28 -27V ~27V input.

29 STATUS RTN Return for the STATUS signal input.

30 Spars

N Shield

az2 L LOAD IN A logic low signal causes all of the raquired data for the next frequency
point ta be lpaded.

33 TS STROBE TTL pulse that strobes address information into the test set on the falling
edgeand data information on the rising edge.

34 Da Data/Addrass lines. Bits are HIGH when the data/address signalis a ingie-
1 and LOW when the data/address signal is a logic-0.

3s D2 Samse as above.

38 D4 Same as ahove.

37 bs Same as above.

3-120

Figure 3-145. Pinout Diagram, Control Connector (2 of 2)
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Pinout iagram
PIN NAME DESCRIPTION

1 EXTHORIZ +/- Extarnal Horizontal Plus or Minus. Jumpaering this pin to pin 6 or changes
the polarity of the External Horizontal signal to negative-going,

2 EXT VERT +/ Extornal Vertical Plus or Minus. Jumpeting this pin to pin 8 or 7 changss
the polarity of the External Vertica! signal 1o negative- going.

3 B0 ENABLE Blus-Green Enabla. Jumperingthis pinio pin 6 o1 7 disables the blue color-
video signal and produces cyan In its place.

4 Spare

5 EXT BLUE VIDEO Externat Biue Vidso. Blue color-video signal for external color monitor,

8 VIDEO GND Video Ground.

7 VIDEG GND Video Grotnd.

8 COMP VIDED Composite Video. Provides a Composite Vidaeo signal for a B/W manitor.

g EXTHORIZ QUT External Horizontal Qut, Provides an External Herizontal signal that can
ba either positive- or negative-going, depending on whether or not pin 1
is jumperedtopin6or 7.

10 EXTVERTOUT Extornal Vertical Cut. Provides an External Vertical signal that can be
either positive- or negative-going, depending on whather or not pin 2 is
jumpered fo pinBor 7.

11 EXT COMP SYNC External Compuosite Sync. Provides a Composite Sync signal that con-
tains both Horizontai and Vertical Sync pulses and Retrace pulses.

12 Spars

13 EXT REQ vIDEO Externai Red Video. Provides a rad colorvideo signal for an external color
monitor.

14 EXT GRN VIDEG Extarnal Green Video. Provides a green colorvideo signal for an extarnal
calor monitor,

15 EXTWHT VIDEO Extarnal White Video, Provides a while signal for an external B/W monitor,
Use with EXT HORIZ OUT, EXT VERT QUT, or EXT COMP SYNC,
depending on external monitor requiremaents.

Figure 3-146. Pinout Diagram, EXT CRT Connector
360 OM 3-121/3-122
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3-10 MEASUREMENT CALIBRATION

3-10.1 Measurement Calibrution—IJiscussion

Measurements always include a degree of uncertain-
ty due to imperfections in the measurement system.
The measured value is always a combination of the
actual value plus the systematic measurement
errors. Calibration, as it applies to network analysis,
characterizes the systematic measurement errors
and subtracts them from the measured valae to
obtain the actual value.

The calibration process requires that you establish
the test ports, perform the calibration, and confirm
its quality. Let us examine each of these steps.

a. Establishing the Test Ports

The simplest approach 15 to use Port 1 as gur test
port, which is fine if it is the right connector type.
We could also use Port 2 as the second port, un-
fortunately not many devices-under-test (DUT’s)
would mate. Therefore, for two port measure-
ments we must have a cable. The end of this cable
becomes Port 2 (Figure 3-147).

| U .

Port 2

Figure 3.147. Establishing the Test Port

In many cases, you may need adapters to change
between connector types (N, SMA, GPC-7, ef¢) or
between genders (male [IM] or female (F). You
may also need two cables (Figure 3-148).

In any case, you should include a phase-equal in-
sertable (PEI) at both test ports. This insertable
minimizes the cost of replacing worn or damaged
cables and test port connectors. It also allows you
to test non-insertable devices, if needed (Figure
3-149),

360 OM

MEASUREMENT CALIBRATION
{1

M A
Port 1 Port 2 260040

Figure 3-148, Using Adspters on the Test Port

NOTE

In this and other discussions, we will
talk about “insertable” and “non-in-
sertable” devices. Insertable devices
(insertables) have precisely the same
electrical length-that is, they are
phase-equal. Insertables are typically
used to change a eonnector’s gender. A
non-insertable device has the same
gender as the devies itneeds to connect
to. Therefore, “non-insertables” can-
not be connected directly into the
measurement path without an adapt-
er.

USING THE FHASE-EQUAL INSERTABLE
{PEI}
Callbration
M F M F F ]
Test Port PEl Pl Teat Port
Measurement
R F M F F M F M
e e ™
S~ PET S BUT” 7 PEI />
Teat Port Test Port
3003

Figure 3-149, Using Phase-Equal Insertables

b. Understanding the Calibration System
Measurement errors must be reduced by a
process that uses calibration standards. The
standards most commonly used are Opens,
Shorts, and Zo (Characteristic Impedance) Loads.
In conjunction with a through connection, these
standards can correct for the major errors in a
microwave test system. These errors are Direc-

3123
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vity, Source Match, Load Match, and Frequency TRANSMISSION MEASUREMENT ERRORS
cking.
+ Source Match
* Load Maich
ERROAS REDUCED BY CALIBRATION * Tracking
+ Directivity
& Source Maltch REFLECTION MEASUREMENT ERRORS
* Load Malch * Source Match
e Frequency Sensitivity (Tracking) s Directivity
& |ntemnal System Errors ® Tracking

Calibration also corrects for many internal sys- . .

tem errors, such as RF leakage, IF leakage, and Error modeling and ﬁawgra?hs are techniques
system component interaction. used to analyze the errors in a system. Error
models describe the errors, while flowgraphs
show how these errors influence the system.

INTERNAL SYSTEM ERRORS Error models (Figure 3-150) can become quite
e RF Leakage complex. While they provide help for the cirenit
e IF Leakage

designer, they are of little importance to the

& System Interaction AVErage USeT,

Random errors such as noise, temperature, con- DIRECTIVITY, SOURCE MATCH,
nector repeatability, DUT sensitive leakages, fre- AND TRACKING ERRORS
quency repeatability, and calibration variables DISTORTED MEASUREMENT
are not completely correctable. However, some of .
them can be minimized by careful control. For in- Ep Eg S -
. 11A
stance: temperature effects can be reduced by S11m i
room temperature conirol, calibration variables
can be reduced through improved technique and .
training, and frequency errors can be virtually
eliminated by source locking. Sum=Ep+ A i&i
30042
RANDOM ERRORS " :
® Frequency Figure 3-150. Example of Error Modeling
¢ Repeaiai‘;i%sty The 360 offers a selection of calibration pos-
® Noise s sibilities depending on the user’s needs. These
¢ Connector Repeatability possibilities are Frequency Response; Reflection
. Ten}perglurelEnvimnmental Changes Only—1 Port; 1 Path, 2 Port; 12 Term—2 Port,
* Calioration Variables Both Directions. These calibration types are
described below.
We know that adapters and cables degrade the
basic directivity of the system, but these errors CALIBRATIONTYPES
are compensated by vector error correction. ® Frequency Response
« Reflection Only—1 Port
In general, transmission measurement errors are ¢ 1 Path, 2 Port o
source match, load mateh, and tracking; while & 12 Term—2 Pont, Both Directions
reflection measurement errors are source match,
directivity, and tracking,
Frequency Response: Corrects for one or both of
the forward-direction-error ferms associated —

with a measurement of So1.
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Reflection Only: Corrects for the three error terms
associated with an 811 measurement (Epy, Esp,
and Erp).

1 Path, 2 Port: Corrects for the four forward-direc-
tion error terms (EpF, Esr, Err, and ETF).

NOTE
For more information on error terms,
refer to paragraph 3-3,“Introduction to
Network Analyzers”; for information
on flowcharts, refer to paragraph 3-
€1, “CALIBRATION Keys and In-
dicators.”

Full 12 Term: Corrects for all twelve error terms
associated with a iwo-port measurement.

Measurement calibration using the 360 is
straight forward and menu directed. A short time
spent in preparation and preplanning will make
the process simple and routine. (Example: Ad-
justing the coaxial cables used in the measure-
ment setup such that insertion of the DUT causes
minimal flexing of these cables).

The sereen prompts on the 360 guide you through
the calibration process—a process that consists
of connecting and disconnecting connectors and
moving the slide on a sliding load (f one is used).

The most critical part of the calibration process
is properly seating and torquing the connectors,
Also, you will notice that the calibration takes
longer when the ports are terminated with a load.
This is intentional, It allows for more averaging
during the isolation measurement.

Calibrating for a Measurement

Let us assume that we want to correct for three
errors in the reflection measurement: source
match, directivity, and tracking. We accomplish
this using three standards.

CALIBRATING FOR A REFLECTION
MEASUREMENT USES THREE STANDARDS:
& Short
+ Open
+ Termination

360 OM
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Shorts are the easiest to visualize, They totally
reflect all of the incident RF energy output at a
precise phase. The terms zero-ohms impedance,
voltage null, and 180" phase all define an RF
Short.

Opens are similar to Shorts, but their response is
more complex, The terms voltage maximum, in-
finite impedance, and 0° phase all define a per-
fect Open. A perfect Open, however, is only a con-
cept. In reality Opens always have a small fring-
ing capacitance.

To account for the fact that the Open will not pre-
dictably reflect impedance at an exaet 0" phase
reference, we alter its response using coefficients
that accurately characterize the fringing
capacitance. The coefficients are different for
each coaxial line size, since each size has a dif
ferent fringing capacitance.

As Opens and Shorts provide two references for
a full reflection, Zo terminations provide a zero-
reflection reference.

Ideal Zo terminations must consist of two parts,
a perfect connector and an infinite-length perfect
transmission line that absorbs all of the RF
energy that enters it (no reflections).

IDEAL TERMINATIONS
* Reflectionless
e Perfect Connector
® [nfinite-Length, Dimensionally Exact,
Reflectionless Transmission Line

Infinite length transmission lines are unwieldy
at best, so you must use less-than-ideal termina-
tions. For calibration purposes there are two com-
mon types: broadband loads and sliding termina-
tions.

PRACTICAL Zo TERMINATIONS
& Broadband Load
¢ Sliding Termination

Broadband loads are in wide usage. An example
is the WILTRON 28 Series Termination. These
terminations are easy to use as calibration tools,
and are adequate for most applications.
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BROADBAND LOAD
s Easyio Use
s inexpensive
* Adequates for Most Applications

Sliding Loads are the traditional vector network
analyzer Zo calibration reference. They provide
the best performance when the application re-
quires high-precision return loss measurements.
Sliding loads consist of a connector, along section
of preeision transmission line, and a microwave
toad that is movable within the transmission line,
One thing to remember with sliding loads is that
they have a low-frequency imit and must be used
with a fixed load below this cutoff frequency for
full frequency coverage. WILTRON sliding loads
cut off at 2 GHz.

SLIDING LOAD
s Connacior
# | ong Transmission Line
& Movable Microwave Load

Pin depth-the relationship between the inter.
face positions of the outer and center conduc-
tors—ig the most critical parameter under your
control in a sliding load. An example of its criti-
cality is that an incorrect pin depth of 0.001 inch
can cause a reflection return loss of 44 dB. And,
gince we are trying to calibrate to accurately
measure a 50 dB return loss, correet pin depth
makes a big difference!

Cubles in the measurement system are another
cause for concern. The main criteria for a cable
are stability and repeatability. WILTRON offers
two types of eables that meet these criteria: semi-
rigid and flexible, Qur semi-rigid cables provide
maximum stability with limited flexibility of
movement, Our flexible cables allow more
freedom of movement {along with its associated
degradation of phase stability).

. Evaluating the Calibration

The 360 provides an aceurate representation of
complex data. However, it can only provide ac-
curacy to the extent of the supplied calibration
data. For this reason, i is necessary o peri-
odically verify the calibration data and the 360
gystem performance.
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Calibration verification reveals problems such as
a poor contact with one of the ealibration com-
ponents, improper torquing, or a test port out of
specification. Problems like these can easily occur
during a calibration procedure. Anyone who has
experienced one of these problems and stored bad
dats—after having performed a complete calibra-
tion procedure—knows the frustration it can
cause. Additionally, it can be very costly to use in-
correctly taken measurement data for design or
quality assurance purposes.

The best way to confirm a calibration is to
measure a precision, known-good device and con-
firm its specifications.

Verification Kits

WILTRON has developed three precision-com-
ponent kits: one for 3.5 mm connectors, another
for GPC.7 connectors, and a third forouwr own K
Connector™, These are, respectively, the Models
36866, 3667, and 3668 Accuracy Verification Kit,

Each of the kits contain 20 dB and 50 dB at-
tenuators, a 10 ¢cm air line beaded at one end, and
a 10 cm Beatty Standard. A Beatty Standard is &
two-port mismatch similar to a beadless nirline.
It consists of a center conductor with a diseon-
tinuity in the middle providing the mismatch
{Figure 3-151).

-

500 500

s g

Figure 3-181, The Beatty Standard

Typically, these verification kits will be used by
calibration or metrology labs. Each of the kits
contain several precision eomponents, all of
which have been characterized at twenty
specified frequencies, The data on these com-
ponents is stored on a disk provided with the
verification kit.
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VERIFICATION KIT
* Used by Calibration and Metrology 1.abs
& Contains Components That Have Been
Completely Characlerized

The verification of the kit components is straight
forwanrd, The components are first measured with
the 360, then compared with the data recorded on
the disk. If the measured data compares favor-
ably with the recorded data (taking tolerances
into consideration), then the system is known to
be operating properly and providing accurate
data.

360 OM

There is one caution that you need to observe
when using these kits. Because the verification
components have been characterized, you must
handle them carefully so that you do not change
their known characteristics. Consequently, you
should not have them in daily use. Rather, you
should use them for the accuracy verification
checks taken every 6-to-12 months or at any other
time the system's integrity is in doubt,

This completes the discussion on calibration.
Turn to paragraph 3-10.2 for a hands-on tutorial
and paragraph 3-10.3 for a procedure on calibrat-
ing the sliding load.
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3-10.2 Measurement Calibration—Tutorial

This tutorial guides you through a typical calibration
sequence. It is excerpted from paragraph 3-4,“Get-
ting Started.” If you have worked through the calibra-
tion portion of that tutorial, you are familiar with the
360 calibration process.

a. Equipment Required

360 Network Analyzer
3610 Test Set

3608547 Source

365X Cal Kit
3670A50-2 Through Cable

b. Initialize the System
Install the system disk and turn the power on.
The 360 automatically performs a self test and
comes on line with the same control panel set-
tings as when exited last. Allow at least a 1 hour
warm-up before making measurements.

¢. Load Calibration Kit Data

1. Install the data diskette from the Model 3651,
3652, or 3653 Calibration Kit.

2, Press the UTILITY MENU key (Figure 152).

SYSTEM STATE
DEFAULT UTILITY
PROGRAM MENU
!

Figure 3-152. DEFAULT PROGRAM and
UTILITY MENU Kays

3. Using the MENU up-arrow or down-arrow
keys (Figure 3-153), select CALIBRATION
COMPONENT UTILITIES when Menu Ul,
Utilities Menu appears.

MENU

Figure 3-153. MENU Keys
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4. Select INSTALL CALIBRATION COMPONENT
INFORMATION FROM DISK when Menu U4,
Calibration Component Utilities appears.

5. To ensure that correct calibration data has
been loaded, select DISPLAY INSTALLED
CALIBRATION COMPONENT INFORMATION
on Menu U4,

6. Select the appropriate component type
(SMA[M], SMA[F], K-CONN[M], etc.) when
Menu U5, Display Installed Calibration Com-
ponents Information appears.

7. When the Readout Text associated with Menu
U5 appears in the display area of the CRT,
check that the serial number of the Open or
Short device matches the component in your
kit.

d. Connect the Throughline
Install the throughline cable, PN 3670A50, to
Port 2 on the Test Set. We will refer to the unter-
minated end of this cable as Port 2 for all calibra-
tion and measurement steps.

e. Begin the Calibration
1. Press the DEFAULT PROGRAM key twice
{(Figure 3-152),
2. Press the BEGIN CAL key (Figure 3-154).
NOTE
Selecting these menu options

automatically calls the next menu in
the listed sequence.

CALIBRATION

FULL
M 12 TERM

H 1 PATH
2 PORT

B FREQUENCY
RESPONSE

W REFLECTION
ONLY

B NONE

(]
APPLY
CAL

Figure 3-154. CALIBRATION Keys and Indicators

3. Select FULL 12 TERM when Menu C5, Select
Calibration appears.

4. Select NORMAL when Menu C1, Select
Calibration Data Points appears.
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5. Set to 0.5-18 GHz when Menu C2, Frequency 17. Select SAVE CAL DATA AND FRONT FANEL

140.

11.

12.
13.

14,

15.

Range of Calibration appears.

Select CHANGE PORT 1 CONN when Menu
(3, Confirm Calibration Parameters appears.

. Select GPC-7 when menu C4, Select Connec-

tor Type appears,

Select CHANGE PORT 2 CONN when Menu
(3 reappears.

Select GPEC-7 when menu C4 reappears.

Select CHANGE LOAD TYPE when Menu C3,
reappears.

Select BROADBAND LOAD when Menu C86,
Select Load Type appears.

Select START CAL when Menu C3 reappears.

Follow the instroctions in each of the upcom-
ing Calibration Sequence menus, Each step
allows you to view the calibration data being
taken and to retake the data if desired, This
saves you from having to repeat the complete
calibration because of an undetected error——
such as a poorly mated connection.

When Menu C10, Calibration Sequence Com-
pleted appears, you can choose to store the
calibration data on a disk. You should always
choose to do this; steps 15 thro 19 show how.

Press the SAVE/RECALL MENU key (Figure
3-155).

“SAVE/
RECALL
MENU

16.

Figure 3-155. SAVE/RECALL MENU Key

Select SAVE when Merm SR1, Save/Recall
Front Panel Information appears.
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18.

SETUP ON DISK, when Menu SR2, Recall or
Save appears.

Select CREATE NEW FILE, when the GP1-3,
Select File menu appears.

Enter CAL 1 and your initials using the knob,
when the Menu GPS, Select Name appears.
When finished, move to DONE and press the
ENTER key. You can assign an 8 character file
name and up to 15 additional spaces for other
information.

18.

§f.  Discussion:

During calibration, the 360 automatically

1. Sets the number of points to maximum-—501
points.

2. Sets averaging to 128 while the loads are
being measured.

3. Sets the Video II" bandwidth to the REDUCED
value (1 kHz),

A lower noise floor ean be achieved by reducing
the Video IF bandwidth and averaging several
measurements, However, the default values have
been found to be optimum for providing a com-
promise hetween a low noise floor and data-
taking speed. Reducing the Video IF bandwidth
lowers unwanted noise. Averaging removes ran-
dom variations and effectively improves noise
floor performance. However, reducing Video IF
bandwidih and ine¢ressing the number of
averages ¢causes an increase in sweep time.

Smoothing is neither necessary nor desireable for
calibration, since it does not affect the actual
measurement data and will mask any rapid
response variations displayed. This can leadto a
sense of false confidence, both when performing
the calibration and when meonitoring the dis-
played ealibration data for measurement errors.
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8-10.83 Measurement Calibration—8liding Ter-
mination

Sliding terminations (loads) are the traditional Ze
calibration-reference devices for vector network
analyzer calibration. When correctly used and per-
fectly aligned, they can be more accurate than
precision fixed loads. However, sliding terminations
have a 2 GHz lew-frequency limit and must be used
with a fixed load for full frequency-range coverage.

Sliding terminations consist of a connector, a long see-
tion of precision transmission line, and & microwave
load that is movable within the transmission line. Pin
depth—the relationship between the interface posi-
tions of the outer and center conductors—is the most
critical parameter that you can control in a sliding
termination. An example of its criticality is that an
incorrect pin depth of 0.001 inch can cause a reflec-

tion return lToss of 44 dB, And, since you are usually
calibrating to accurately measure a greater than 40
dB return loss, correct pin depth is essential.

Since setting an accurate pin depth is so important,
this discussion centers on describing how to set the
pin depth for male and female sliding terminations
(Table 3-8). Calibration with the sliding termination
is essentially the same as described in paragraph 3-
10.2 for the broadband load.

The procedure in Table 3-8 uses the Model 3652
Calibration Kit and its 17KF50 and 17EB0 Slhiding
Terminations. The procedures are similar for the
Model 3650 SMA/3.5mm and Model GPC-7 kits, For
the 3651, the procedure is simpler: Because the GPC-
7 connector is sexless, there is only one sliding ter-
mination.

Table 3-8. Setting Center Conductor Pin Depth on a Sliding Termination {1 of 7}

1. Calibrate the Pin-Depth Gauge for Zero, as follows:

a. Remove the Pin Depth Gauge from the kit, place
it on the bench top.

NOTE
Tha meter is convertable between
male and famale. The following pro-
cadure describes the zeroing
process for the female fitting. The
procedure for the male fifting is given

in step 4.

b.  Pushthe outer locking ring towards the gauge to
exposs the center pin.
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Tahle 3-8. Betting Center Conductor Pin Depth on 2 Sliding Termination{2d T)

FLAY

[+8

d

a,

Take the 01-210 Ref Flat from the kit,

Whils holding the gauge as shown, prass tha Ref
Flat firmly against the and of the axposed center
pin,

Whila pressing the Ref Flat against the cemer pin,
check that the pointer aiigns with the 0" mark, if it
does not, lonsen the bezel lockscrew and rotate
the bezol to align the pointar with the “0* mark,
Tighten tha bezel lock screw.

NOTE
Gently rock the Hef Flat against the
cartar pin to ensure that i s fully
dapressed and you have accurstsly
set the gauge for zerm.

360 OM
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Table 3.8. Setting Center Conductor Pin Depth on a Sliding Termination {3 of 7}

2. Fina adjust the Sliding Termination for Zero, as fol-
ows:

a, Remave the sliding termination with the female-
connector (17KF50, for this example) from the
kit.

b. Slida the load all the way toward the end clusast
to the connactor.

c. With either hand, pick up the sliding termination
near its connactor end.

d. Cup the shiding termination in your palm, and
support the barel between your body and
srookad albow.
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Table 3-8. Setting Center Conductor Pin Depth on a Sliding Termination (4 of 7)

INNER DiAL

8.

.

Ramaove the flush short by holding its body and
unscrewing fts connector,

Install the gauge onto the end of the sliding
termination.

[+

If the COARSE SET adjustment—which has
bean set at the factory—has not moved, the nner
dial on the gauge will read “0.” K it doesn’t, par-
form the Coarse Sat Adjustment in step 3.

360 OM
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Table 3-8. Setting Center Conductor Pin Depth on a Sliding Termination (5 of 7)

h. Place the sliding termination, with the gauge
attached, on the bench top.

i. Loosen the FINE LOCK ring and turn the FINE
A ring to position the gauge pointer 2-3 small
divigions on the “-" side of zar,

§ Tum the FINE LOCK ring clockwise 1o beth
tighten the adjustment and place the pointer
exactly io “0.” The Slding Termination is now
ready to uss.

NOTE
Ensure that the Inner dial read "0.”

INNER DIAL
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Table 3-8. Setting Center Conductor Pin Depth on a Sliding Termination (6 of 7)

3. Coarse set the sliding termination for zero, as follows:

NOTE
This procedure is not normally

necessary. It needs to be done only
f if the adjustment has changed since

M ‘ it was set at the factory.
/ \ With the 01-211 Flush Short installed, loosen the
COARSE COARSE COARSE LOCK and gently push the COARSE SET
LOCK LOCK adjustment rod in as far as it will go. This coarsely
RING RING sets the center conductor to be flush against the at-

tached short. Return to step 2.

4. The procedure for adjusting the male-connector slid-
ing termination is essentially the same as that
described above. The only difference is that you must
install the female adapler on the end of the gauge
shaft, over the center conductor. To install this adapt-
er, proceed as follows:

a, Zero-setthe gauge as describad in step 2 above.
b. Push the outer locking ring back toward the

gauge and turn it clockwise onto the exposed
threads.

¢. Loosen the lock ring one turn in a counterclock-
wise direction,

d. Remove the 01-223 Female Adapter (“F
ADAPTER FOR PIN GAUGE") from the kit.

FEMALE
ADAPTER
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Table 3-8, Setting Center Conductor Pin Depth on a Sliding Termination (Tof T}

8. Install the female adaptar over the canter pin and
screw it into the locking ring.

£ Tighten the outer ring untll it is snug against the
housing.

g. Inspectthe end of the adapter, you should sea no
mores than two exposed threads. I so, repeat
steps ¢, d, 8 and f. above.

5. Connectthe gaugs to the sliding termination and xeo
sof the center pin Using the FINE ADJ as previcusly
described in step 2 above.
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3-11 TRANSMISSION AND REFLECTION
MEASUREMENTS

This discussion provides information on general
measurement considerations and transmission and
reflection measurements using the 360,

3-11.1 Setup and Calibration Procedures and
Measurement Options

To get started, apply power to the system. Do this by
first turning on the 3608545 or 69 source power
switch then the analyzer power-~the order is impor-
tant, If the analyzer is powered-up before the source,
it will not be able to find the source and will probably
fail the self test.

APPLY POWER TO THE SYSTEM

# First, Tum On the Source
& Then, Turn On the Analyzer

After turning on the power, allow the system to warm
up for at least 30 minntes before operation.

SETUP

+ System Should Be Warmed Up for
At Least 30 Minutes

In normal operation, the system comes on line in the
state that it was in when last turned off. If you want
to return the system to its default state, you can do
50 by pressing the DEFAULT PROGRAM key twice.

The default parameters provide a known starting
point. For example, they reset the start and stop fre-
quencies to their maximum values, the source power
to 0 dBm, and the display resolution to 501 data
points,

DEFAULT PARAMETERS

¢ Known-Good Starting Point
* Selecled With the DEFAULT
PROGRAM Key
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The Sweep Setup menu should now appear on the dis-
play (it alse can be displayed using the SETUP MENL
key). If you like, you can select & new start frequen-
¢y, stop frequency, or source power.

The actual power level at Port 1 is about 10 dB less
than the source power level due to internal Iosses in
the test set.

SWEEP TEST MENU

& Start and Stop Frequencies
® Source Power Level

NOTE:
The Port 1 power level is about
10 dB less than the source power
level.

If the 360 system has an Active Device Test Set, you
can further reduce the power level at Ports 1 and 2
with the built-in attenuators. Using the Reduced Test
Signals option in the Sweep Setup menu, you can
change the seftings of the Ports 1 and 2 source at-
tenuators over a range of from 0 to 70 dB. 'The Port 2
test attenuator has a range of from 0 to 40 dB (in 10
dB steps).

SWEEP SETUP MENU

& Use the "Reduced Test Signals” Option
to Add Aftenuation With the 3620 or
3621 Active Device Test Setls

Selecting the BEGIN CAL key starts the calibration
process, The Calibration menus step you through the
calibration process, as follows:

1. Select the type of calibration desired.

2. Select the frequency range of calibration. You
can choose the normal 501 points, CW (cne
point), or N-discrete frequencies (from 2 to
501 points).

3. Install the calibration kit devices to the test
ports as instructed by the menu. Both the
capacitance coefficients for the Open and the

offset. lengths for the Open and Short can be
modified or defined.
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CALIBRATION

& Selact BEGIN CAL Key

¢ Select Type of Calibration

e Select Frequency Range of Calibration

o install Callbration Kit Devices As
Instrucied by the Menu

+ Modify the Capacitance Coefficients
and the Offset Lengths, if Required

& Storg the Calibration Data Internally or
to Disk

‘When the calibration is completed, you can store the
calibration data in the internal memory or on a disk.
You are now ready to install the test device and
proceed with the measurement. At this point you
have 8 number of measurement options to consider
such as displays, markers, limits, outputs, sweeps,
and enhancements,

MARKERS

® Selectable User Marker Menu
# 6§ Markers Available
» Delta And Max/Min Modes

In some cases—such as in a production environ-
ment-Jlimit lines are desireable, Options within the
menu ¢alled up using the LIMITS key, provide two
Himit lines for each channel. These limit lines func-
tion with all of the graph types, including Smith and
admittance, The color of of the imit lines differs from
that of the measurement trace. This allows for easy
analysis of results.

LIMITS

» Selectable Using LIMITS Key
» Two Limit Lines Available for Each

Channel
MEASUREMENT OPTIONS # Functions With All Graph Types
+ Displays
: g:g:m The Output Menu (Figure 3-156) gives you a choice
o Oulpuls between a printer and a colored-pen plotter. It alse
e Swes lets you rhoose the data-output type, output head,
e Enh sg oments and disk cutput functions.
SELECT OUTPUT
You can select any of the available graph types and paﬁ?
display them for any calibrated parameter on any of PLOTTER
the four channels. SEL.ECT PRNTER
FUILL SCHEEN
GRAPH ORLY
DISPLAYS oJmR DATA
# Four Channels * SETUP OUTPUT
# Each Channel Can Display Up to Two QiskouTPUT
Graph Types
e Calibration Parameters Can Be Alyining
Selacted By Any Channel 10 StLECT
Figure 3-156. Output Mem

Up to six markers are available. Using the Marker
Menu, you can set the frequency of each one, you can
set each one in the delta marker mode, and you can
set each marker’s level to maximum or minimum.
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To cutput the display, press the START PRINT key.
The default setting provides for a full display printout
from the associated printer.
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Al

CUTPUT

» Select START PRINT Key to Quiput
Display

s Use the Qutput Menu to Choose Qutput
Type and Qutput Device

To label the cutput, select Setup Output Headers in
the Output Menu or press the DEVICE 1D key.

OUTPUT HEADERS

& Salected With DEVICE 1D Key or From
ihe Output Menu Under the Sefup
Output Headers Option

# Labels Output With Device/Serial
Numbaer, Date, And Operator's Name

On the sutput to the printer, plotter, or disk. a menu
then appears that lets you specify the device
name/serial number, the date, and the operator’s
name (Figure 3-157).

OATA QUTPUT SELECT NAKE
HEADERS FLTER #2--
MODEL, ON ABCOEFGHIUKLM
£ILTER MOPQRSTUVWYZ

E?%\.;rgf D OM OPH5ETEL
gé%ns a7 e o
L JLINE, | TURN XNOE
R o A
BHESS ENTER;
FRESS > OR FUNCTION
PRESE 1> PR NTI
TO CHANGE %SSEEECE' A
NUMBERS MAY
ALS0 BE
SELECTED
USINGKEYPAD
Figure 3-157. Label Menus

Sweep frequencies can be changed with the calibra-
tion applied as long as the frequencies are between
the calibration start and stop frequencies,

Additionally, a marker sweep can be selected from the
Setup Menu. This allows you to sweep between any

two active markers as long as the frequency of each

falls between the calibrated start and stop
frequencies.
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Using the DATA POINTS key, you ean select the num-
ber of data points for optimal resclution-vs-speed.

SWEEPS

s Star/Stop Freguencies Can Be
Changed With Calibration Applied

& Marker Sweep Available From the
Setup Menu

o Data Points Selectable Using the DATA
POINTS Key

Finally, you can enhance the measurement data by
reducing the IF bandwidth and using averaging
and/or smoothing (see below),

*  Change the IF bandwidth by selecting the IF BW
key.

* Bet the averaging and smoothing values by
selecting the AVG/SMOOTH MENU key.

Turn on the averaging and smoothing using the
TRACE SMOOTH and AVERAGE keys, which
have LED's to let you know that the enhancement
is being applied.

ENHANCEMENTS

s [ntermediate Freguency Bandwidth
Changed Using the IF BW Key

& Averaging and Smoothing Values Set
Using AVE/'SMOOTH MENU Key

* Averaging and Smoothing Turned Qn or
Off Using TRACE SMOOTH and
AVERAGE Keys

3-11.2 Transmission and Reflection
Measurement s

Before going any further, let us take a few moments
to review some basic principles of networlk measure-
ments. First, we apply incident energy to the input of
a test device. If the device’s input impedance differs
from the measurement system's impedance, some of
that energy ig reflected. The remainder is trans-
mitted through the device. We call the ratio of
reflected-to-incident energy the reflection coefficient.
The ratio of transmitted-to-incident energy we call
the transmission coefficient (Figure 3-158).
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BASIC MEASUREMENT PRINCIPLES
INGIDERT
ENERGY -—— pior THANSMITTED
REFLECTE D] " ENERGY
ENERGY
HEFLECTION COEFRUIENT = #g;ég?gé;g;ﬁ
TRANSMISSION COEFAICIENT = mm——mwmﬁ‘:;mn ENERGY
360050

Figure 3-158. Basic Measurement Principles

These ratios are complex quantities that have mag-
nitude and phase components. Using vector repre-
sentation, the vector magnitude is the ratio of
reflected-to-incident magnitude (or transmitied-to-
incident magnitude), while the vector phase is the dif-
ference in phase between the incident energy and the
reflected/transmitted energy (Figure 3-158),

IMAGINARY
MAGNITURE

W PHASE
REAL

REFLECTION {MAGNITUDE)
REFLECTION CORFFICIENT = 0 s e NT (MAGNITUDE)

PHASE = INCIDENT (PHASE) - REFLECTED { PHASE)

360051

Figure 5-159, Magnitude/Phase Vector

The measurement reference for the incident energy
is the point at which the device connects to the
measurement system. We call this point the reference
plane. The incident energy at the réference plane is
defined as having a magnitude of 1 and a phase of
0 degrees. We establish this during the calibration,

REFERENCE PLANE

« Defined Al the Test Port Measurement
Piane As

Magnitude = 1
Phase = 0 Degrees

¢ Established During Calibration
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The ratio of reflected and transmitted energy to the
incident energy can be represented by a number of
different measurements and units, as shown below.

MEASUREMENTS

s Log Magnitude

e Phase

* Smith Chart {Impedarnce)

e Group Delay (See paragraph 3-13)
& Admittance Smith Chart

e Linear Polar

s Log Polar

e Linear Magnitude

s Real and Imaginary

The default display for reflection measurements is
the Smith chart. The default display for transmiasion
measurements is the Log Magnitude and Phase
graph.

DEFAULT DISPLAYS

Reflection
» Smith Chan

Transmission
# Log Magnitude and Phase Graph

The Smith chartis a convenient way to display device
impedance and is a useful aid for the graphical design
and analysis of microwave cireuits (Figure 3-160),

SMITH CHART

Figure 3-180. Smith Chart Display 1
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TRANSMISSION AND REFLECTION MEASUREMENTS

Let us assume both that our system is already
calibrated and that we have equalized the system for
the fest port in use. We would then

1. Connect the Short. A Short always appears as
a dot at the left-most edge of the Smith chart's
harizontal axis,

4 Connect a Termination. Now you will see
another dot located at the center (1+j0) of the
chart (this assumes a 50-chm load).

3 Connect the Open. An Open appears as an arc
on the chart’s right edge. This is due to the
fringing capacitance of the Open standard
(Figure 3-161),

SMITH CHART

Figure 3-161. Smith Chart Display 2

Now let us perform a reflection measurement on a
20 4B attenuator over the 1-to-18 GHz range.

We need to determine the setup, calibration, and
measurement requirements,

REFLECTION MEASUREMENT

Example: 20 dB Attenuator
® Setup

» Calibration

* Measurement

A known good starting point is to reset with
DEFAULT PARAMETERS. Since our measurement
lies between 1 and 18 GHz, set the Start and Stop
frequencies using the Sweep Setup menu that ap-
pears on the display following system reset.

360 OM

SETUP

* Reset With the DEFAULT
PARAMETERS Key

+ Set the Start Frequency 1o 1 GHz

e Set the Stop Frequency to 18 GHz

Let us perform a simple calibration, REFLECTION
ONLY, which uses an open, a short, and a broadband
load. Te do this, press the BEGIN CAL key and fol-
low the directions in the menu area.

CALIBRATION

¢ BEGIN CAL Key
¢ REFLECTION ONLY

When you complete the calibration, the *CHANNEL
1 WITH 511”7 Smith chart appears on the display
Now
1. Select the Log Magnitude display and install
the attenuator,

2. Belect AUTOSCALE to optimize the display
data.

3. Use Markers 1 and 2 to find the maximum
and minimum impedanece.

MEASUREMENT

# Select Log Magnitude Display

# install DUT

* Autoscale

# Set Marker 1 to Max, Marker 2 to Min

Now let us perform a transmission measurement on
the game 20 4B attenuator over the same frequency
range. We will follow the same steps as before, but
this time we will use additional features,

TRANSMISSION MEASUREMENT

Example: 20 dB Attenuator
s Setup

» Calibration

* Measurement
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A

Once again, reset the system using the DEFAULT o
PARAMETERS key. CALIBRATION
& BEGIN CAL Key
¢ Frequency Response (Transmission
SETUP Response Only)
s Use Detault Paramester Setlings

‘When the calibration is complete, Channel 1 will dis-

In this calibration we will select the N-Discrete play “512 FORWARD TRANSMISSION WITH LOG

Frequencies menu gption and step all frequencies in MAGNITUDE AND PHASE.” You can use Markers 1

increments of 50 MHz. and 2 to find the maximum and minitnum values of
the attenuators insertion loss,
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LOWLEVEL AND GAIN MEASUREMENTS

312 LOWLEVEL AND GAIN
MEASUREMENTS

This discussion provides methods and technigues for
making gain and low-signal-level measurements. It
is divided into 360 system considerations and test
device considerations.

3-12,1 360 System Considerations

The 360 system is limited in its ability to test low-sig-
nal levels by its dynamic range and low signal-to-
noise-power ratio. First we will discuss dynamic
range, which is the difference between the maximum
and minimum acceptable signal levels (Dynamic
Range = Prax ~ Pmin).

a. Dvnamic Range
The dynamic range of the 360 is limited by the
0.1 dB compression level of the samplers at high
signal levels. It is further limited at low signal
levels by leakage signals and noise.

DYNAMIC RANGE LIMITS

#» High Level Accuracy Limited by the
Compression of the Receiver

¢ Low Level Accuracy Limited by Noise
and Leakage Signals

The small signal response is limited by errors due
to noise and leakage signals. The leakage signals
are both from within the 360 and at the device-
under-test (DUT) connectors.

The detected signal is the vector sum of the
desired signals, the noise signals, and the leakage
signals, These signals introduce an error or un-
certainty (Figure 3-163).

DETECTED OUTPUT SIGNAL
UNCERTAINTY

NOLGE SIGHAL

L B E0-F 3 £

Flgore 3-163, Amplitude and Phase Uncertainty

Some of the posgible leakage paths for the 360 are
the transfer switch, the frequency conversion
module, and leakage from the DUT. The system
limits these leakages to greater than 100 dB. The
12-term error correction ¢can reduce this leakage
to better than 110 dB at 18 GHz and 90 dB at
40 Gz,

Figure 3-182 shows the detected output signal as
a function of the power level at the sampler. The
0.1 dB compression level is on the order of 10
dBm, The 360 is designed such that all other con-
versions compress at a much greater level, which
leaves the samplers as the main source of non-
linearity.

COMPRESSION LEVEL
3

3
DETECTED
POWER

et

QUTRIT
{d8m) 0,148 COMPRESSION

-0
POWER LEVEL ATINPUT TQ SAMPLER

{afmi —

Flgure 3-162. Compression at 0.1 dB
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LEAKAGE PATHS

® Transfer Switch (120 db)
# Frequency Conversion Module
® DUT Leakage

The DUT connectors should have internally cap-
tivated center pins. Those connectors which use
external pins to captivate the ecenter conductor
should have silver loaded epoxy on the pins to
reduce radiation to better than 80 dB.

DUT LEAKAGE

« Should Be Greater Than 80 dB
to Assure Accurate Measurements
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b. Signal-to-Noise-Power Ratio

The signal-to-noise-power ratic for each of the
test or reference channels is given by the formula

S/N Ratio = Signal Power/Noise Power

Where “signal power” is the power level of the
83.33 kHz IF signal at the internal synchronous
detectors, and “noise power” is total power con-
tained within the bandwidth of the bandpass fil-
ter at 83.33 kHz.

The uncertainty, or error, in 8 measurement is a

Signal To Noise

S/N Ratio For Test or Reference Channel
S/N = Signal Power (dBm)
Noise Power (dBm)

function of the amplitude of leakage signals and
of the noise level. The uncertainty in the
mensurement of magnitude and phase of the s
parameters are ecalculable and shown below in
Figures 3-164 and 3-165.

MAX UNCERTAINTY FOR MAGNITUDE
AS A FUNCTION OF S/N RATIO

1005

wWe

.o

MATIMUM
UNCERTAINTY
©8)

380645

Figure 3-164, The Effect of /N Ratio On
Magmitude Measurements (Noise Only)

3144

MAX UNCERTAINTY FOR PHASE
AS A FUNCTION OF S/N RATIO

WL .

100

MAXIMUMN
UNCERTAINTY
{DEGREER)

3

< et

Figore 3-168. The Effect of /N Ratio On Phase
Measurements (Naise Only)

The most difficult types of measurements are
those that exercise the full dynamie range of the
380, such as filters (Figure 3-166). Filter
measurements are examples of where one must
observe both low-insertion loss (in the passband}
and high attenuation (in the stop band).

BANDPASS FILYER
8 PASS BAKD
8'*;{3 <tdB
“;,Imw
FREQUENGY " w0047

Flgure 3-166, Filter Measurements

There are two techniques that you can use to op-
timize the signal-to-noise ratio. They are (1) max-
imizing the RF signal level and (2) using signal
enhancement,

TECHNIQUES TO MAXIMIZE THE S/N RATIO

» Maximize RF Signal Level
» Signal Enhancement

360 OM
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.

To maximize the RF signal level, use the default
settings of the signal source. The 3605545 or 69
defaults to 0 dBm-—a power level that both max-
imizes dynamic range and optimizes linearity.

MAXIMIZE RF SIGNAL LEVEL

& Maximum Dynamic Range
¢ Optimum Linearity

The 360 provides two enhancements for improv-
ing the signal-to-noise ratio: IF bandwidth reduc-
tion and averaging,

ENHANCEMENTS

® [F Bandwidth Reduction
® Averaging

Redueing the IF bandwidth is a primary method
for enhancing accuracy, The 360 has a choiee of
three bandwidths available from the front panel:
Normal (10 kHz), Reduced (1 kHz), and Minimum
(100 Hz}, The noise level should decrease by a fac-
tor egual to the square rooct of the IF bandwidih.
Using IF Bandwidth reduction makes for faster
measurements than with the use of an equivalent
amount of averaging.

IF BANDWIDTH REDUCTION

* Three Bandwidths Available
& Noise is Decreased
# Fasler Than Averaging

Averaping is another way to improve accuracy.
The improvement is proportional to the square
root of the number of averages. The improvement
from averaging, however, comes at the expense of
increased sweep time.

AVERAGING

e [Jpto 4085 Averages
¢ Reduces Noise
s Increases Sweep Time

360 OM

Figure 3-167 shows the measured reduction in
noise due to bandwidth and averaging.

Measurements on a 70 dB Attenuator
All Data Normalized to
2 1 kHz |IF Bandwidth and t Average

t4 | VOKHx{IF 5%
a8 1
Relative -
1
Nolsa (dB}, |
1
g
R T ¥ T T ¥ T T ¥ *
1 ] - 7w o | w0 3 L]

MNumber of Averages

IJWOGAR

Figure 3-167. Reduction in Noise Using Averaging

For a given bandwidth and number of averages,
Table 3-9 states the signal-to-noise ratio
improvement and relative-time factor required
for the measurement. Example: Using 1 kHz BW
reduction and 10 averages, you would increase
the signal-to-noise ratio by 7.6 dB but would
lengthen the time required for the measurement
by a factor of 4.3. This example assumes a con-
stant signal power.

Table 8-9. Comperisons of Signal-to-Noise
Enhancement Options~1 Channel, 187 Points

* 8/ Ratlo Retatlve
IF Bw Number Of Improvemant Time
Heaductlon Avorages (8B} Factor
1o kz 1 0 1

10 53 28

100 9.0 128

500 1.0 53.5
i kHz i 2.4 1.8
10 7.6 43

100 161 128

500 18 810
0.1 kHz 1 7.8 8.2
10 9.4 8.0

100 10.5 136

500 1.6 622

¥ Assumes o constant signal power.
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3-12.2 Test Device (DUT) Considerations

In order to test a device, the required input RF level
amdl the expected deviece output RF level must be
determined.

The RF level at Port 1 must be sei for the device input
RF power level required. The power level at Port 1 is
about 10 dB less than the RF source power level, or
about -10 dBm, Attenuation can be added in steps of
10dB up to 70 dB using the built-in source attenuator
in the Models 3620 and 3621 Active Device Test Sets,

PORT 1 RF QUTPUT LEVEL

» —10 dBm
® CanAdd Upio 70db Attenuationin 10 dB
Steps

The RF level into Port 2 should be kept to 10 dBm
or less to ensure optimum linearity and te protect in-
ternal components from damage. The never-to- ex-
ceed RF level into either Port 1 or Port 2is +20dBm.
You can add up to 40 4B of attenuation {in 10 4B
steps) into Port 2 using the built-in test attenuator in
the active device test sets.

PORT 2 BF INPUT LEVEL

» 10 dBm Maximum
& Can Add Up to 40 dB Altenuation in
10 dB Steps

If you are using a test set that does not have built.in
attenuators, you should use externa)l attenuators on
Port 1 and Port 2 as needed. However, the use of ex-
ternal attenustors invalidates input and output
match measurements; whereas, the built-in at-
fenuators are compensated by the calibration and do
not affect reflection measurements,

EXTERNAL ATTENUATOHRS

# Use Only if Intemal Attenuator Is Not
Available—They Invalidate DUT Match
Data
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Before calibration, ensure that the test setup is
correct by setting the power level and adding attenua-
tion as needed.

CALIBRATION

& Set Dasired RF Signal Level
& Include Attenuation As Needed

The 360 uses enhancements in the calibration to en-
sura a wide dynamic range. It automatically selects
the REDUCED IF bandwidth front panel setting and
variea the number of averages with the calibration
device. Terminations require the most averages,

CALIBRATION

& |F Bandwidth REDUCED Setting
& Number of Averages Varies With
Calibration Device Measured

If desired, the IF bandwidth and number of averages
enn be specified for the calibration measurements.
Using 100 averages (AVG = 100) appears to be
sufficient for most measurements.

CALIBRATION

& Can Select the Desired IF Bandwidth
and Averaging

To obtain the mazimum performance from the 360 for
measurements of attenuation, you can use the
capability of the N discrete frequency calibration to
spof check measurements in the frequency band of in-
ferest.

TO MEASURE HIGH ATTENUATION

e 10 dBm Source Power
& 100 Averages in Calibration
& 100 Averages in Measurement

360 OM
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The measurement procedure is straight forward, as
shown below,

MEASUREMENT PROCEDURE

# Determine Dut VO RF Levels

& Set Source RF Level

» Set Port 1 Source Attenuator and Port 2
Test Attenuator

Wide Dynamiec Range Device - Filter

Since you do both low-insertion-loss and high-
attenuation measurements simultaneously, use the
maximum KF signal level gnd no attenuation.
Selecting the REDUCED IF BW setting and 100
averages will likely suffice for this kind of measure-
mant.,

EXAMPLE - FILTER

» No Attenuator Needed
#» IF Bandwidth "HEDUCED” and
100 Averages

High Gain Device - FET

This device has a typical 15 dB gain and requires an
input level of about —30 dBm. Set the Port 1 Source
Attenuator to 20 dB. Since the device RF output level
is ~15 dBm (30 dBm + 15 dBlgain] = —15 dBm) no
attenuation is needed at Port 2.

360 OM

EXAMPLE - FET

+ Set Port 1 Source Altenualor to 20 dB

& No Port 2 Altenuator Is Needed

& Calibrate

+ Use |F Bandwidth and Averaging As
Desired

Medium Power Device - Amplifier

Measure the small signal parameters of a 10 dB gain
device that requires an input power level of -
10 dBm. Here, Port 1 will have no attenuation. The
device RF output level is 10 dBm. This level equals
0 dBm (10 dBm + 10 dBlgain] = 0 dBm} into Port 2
and will cause compression in the measurement. At
least, 10 dB of test attenuation will be needed at Port
2, which will reduce the Port 2 RF level to -10 dB.

EXAMPLE - AMPLIFIER

# No Port 1 Attenualor

& Port 2 Test Attenuatorto 10dB

e Calibrate

o Use IF Bandwidih and Averaging
As Desired
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313 GROUP DELAY MEASUREMENTS

Group delay is the measure of transit time through
a device at a particulsr frequency. Ideally, we want
to measure o constant-or relatively constant—tran-
sit time over frequency. The top waveform shown in
Figure 3-168 is measured at one frequency. The bot-
tom waveform is identical to the first, simply
delayed in time.

Magnitude

;/*\/

ty 1y Time

360053

Figure 8-168, Two Waveforms Delayed i1n Time

Referring to Figure 3-169, the first waveform shown
is the original waveform. It is made up of many fre-
quency components. After traveling through a device
the signal is delayed in time. Some frequencies are
delayed more than others and thus our waveform
does not have exactly the same shape as before.

NONLINEAR DELAY = DISTORTION

When designing components it is important to
measure group delay so that you can compensate for
any distortion caused by the component.

GROUP DELAY

® Measure During Design
* Avoid Distortion Laler

You may be able to tune the device 8o &s to optimize
the performance of group delay over the frequency
range of interest. Outside of the specified frequency
range, the group delay may or may not be linear.

GROUP DELAY

& Measure During Test
e Oplimize Perdormance

MAGNITUDE
4
INPUT
; L
ﬁ”jmm ouTPUT
TIME 560057

8o how is group delay measured? Signals travel too
fast to enable meaguring the input and output times
of each frequency component. Consequently, we
must use mathematical caleulations to derive the
group delay from the phase slope.

HOW IS GROUP DELAY MEASURED

Mathemalical Representation of the
Phase Slape

“Figure 3169, Wavelorms With Frequency Differences

When delay is nonlinear, as shown above, distortion
occurs. By measuring group delay with a network
analyzer we can characterize the distortion that
occurs from s signal traveling through our test
device.
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Group delay is mathematically represented by the
following equations:

_do _ -1 ,de _ -1, d6_ 1, 48

™ Tdw T 2n o 260 o  2n  AF

What this aquation shows is that group delay is &
mensure of the change in phase with relation to the
change in frequency.
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GROUP DELAY

The change in frequency is referred to as an
averture,

GROUP DELAY APERTURE
8 Af = Aperture

To measure group delay the frequency aperture
must be selected. Depending on the size of aperture,
different levels of precision can result for the
measurement of group delay.

FREQUENCY APERTURE

Avarture = F18quency Range
pe # Of Dala Points

A wide aperture results in a loss of fine-grain varia-
tions but gives more sensitivify in the measurement
of time delay. A small aperture gives better frequen-
ey resolution, but at the cost of lost sensitivity. Thus,
for any comparison of group delay data you must
know the aperture used to make the measurement
{Figure 3-170).

MAGNITUDE

2
-i }a- APERTUAE 100 WIDE

«o{k— APERTURE TOU NARROW

/,.\/—\

FREGUENCY BEOOKE

Figure 3-170. Waveforms With Aperture Differences
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GROUP DELAY MEASUREMENTS

Leat us take a look at a group delay measurement
made on the WILTRON 360 Vector Network
Analyzer. Group delay, as a measurement option,
can be found in the Graph Type menu. After gelect-
ing the option, the 360 displays the data in a time-
vs-frequency graph, or to be more exact, a group-
delay-vs-frequency graph (Figure 3-171).

360 GROUP DELAY MEASUREMENT |

SR FORMERD VROUERYE SN

SHP GELAY REF=3 0668 5 e R S et g&_w(;g
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R
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i
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PRESS AENTERK
10 SELEEY
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Figure 3-171. Group Delay-vs-Frequency Graph

The 360 automatically seleets the frequency spacing
between data points—that is, the aperture. Notice
that this value is displayed on the screen with the
measurement {Figure 3-172).

360 GROUP DELAY MEASUREMENT

23 FORMARD TRANGHISEION
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Figure 3-172. Group Delay Screen ghowing Aperture

The aperture defaults to the smallest setting for the
frequency range and number of data points selected.
This value is displayed in the SET SCALING menu
when measuring group delay (Figure 3-173).
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360 APERTURE

521 FORWARD TRAMSHISSION

GROUP DELAY  PREF=1.000nS 504 .000RE DIV -
hintiietnila e - 1 SET SCALING
i
i- 4RUTOSCALEM
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» . o
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0-2160 GHZ

3.0000 OHz 9.0002

Figure 3-173. 360 Aperture

Group delay applications are found throughout the
microwave industry, although the majority of such
measurements are made in the telecommunications
area,

One occurrence of group delay that you may have ex-
perienced is with a long-distance telephone call. Oc-
casionally a phone call can be disturbing because of
the delay in time from when you speak and when the
other person responds. If there is simply a delay,
then time delay—or linear group delay—has oc-
curred, But if the voices are also distorted, then non-
linear group delay has occurred. It is this distortion
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GROUP DELAY APPLICATIONS

e Communications

that we must avoid. We can avoid linear group delay
by measuring group delay both during the design
and development stages and during recalibration in
the field.

One final group-delay application is found in the
development of components. In this application,
group delay is measured for the transit time of a sig-
nal through the device. When time is of the essence
in a fast switching system, as in a modern computer,
the travel time through a device is critical.
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314 ACTIVE DEVICE MEASUREMENTS

Active devices are key components in microwave
systems, The microwave future is in smaller in-
tegrated microwave packages,

ACTIVE DEVICES

& FETs
& Amplifiers
s MMIC's

Actually, the measurements that are made are the
same measurements made on passive devices.

COMMON MEASUREMENTS

& 344 input Match

® S Gain

& Sq2 Reverse lsolation
* S22 Quiput Maich

Active devices come in many shapes and sizes. In
most cases we are going to have to develop a fixture
in which to mount the device.

WHAT'S DIFFERENT?

» Connectors
- There May Not Be Any
= Instead You Will See:
Tabs-Leads-Pads

Active devices require bias voltages, and in many
cases they are easily damaged. High gain amplifiers
may saturate with input signals of -50 dBm! With ac-
tive devices, we have a new set of measurement re-
quirements,

WHAT'S DIFFERENT?

& Voltage-Bias Requiremenis
s Signal Level Performance
= Power Output
« Max input Level
& Non Linear
= Gain Compression
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WILTRON has developed two models of active device
test sets (Models 3620 and 3621) to help you make
these types of measurements. These test sets include
both step attenuators (70dB) used to adjust operat-
ing power levels, and bias tees used to bias the device
via the test port center conductor. This approach to
bias is useful for testing transisiors; however,
MMIC's usually require bias injection at other points
(Figure 3-174).

ACTIVE DEVICE TEST SETS
ATTENUATORS
Blas Toos
Vaias
RF TEST
N PORT
OB

Figure 3-174. Bias Tee
Test fixtures are necessary for mounting the device
so that it ¢can be measured in our coaxial (or
waveguide} measuring system {Figure 3-175).

ﬁg‘urs 3-175. Active Device Test Fixture

Now we have an interesting situation, While we can
measure the performance at the connector—which is
the calibration plane— what we really want to know
is how our device performs (Figure 3-176).
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Figure 3-176. Test Device, What 1t Looks Like

You ean consider the device embedded in the fixture
and can measure the s-parameters of the fixture with
the device installed.

DE-EMBEDDING

Remove or “De-embed” The Effects of
the Fixture

The most elementary situation is a system in which
the test fixture is electrically ideal or transparent. In
this case the solution is simple—merely move the
reference plane out to the device (Figure 3-177).

Figure 3-178. Coax-to-Subsirate Transition

Engineers have come to grips with the general
problem. However, there is no established standard
approach. Two of the more common approaches are
to calibrate the fixture as a part of the analyzer, and
to characterize the fixture and compute the desired
result.

WHAT DO WE DO?
TWC APPROACHES ARE COMMON

« Calibrate the Fixture As
"Part of the Analyzer”

# Characterize the Fixiure and Compute the
Desired Result

50 {hm Line

GPC-7 puT

No Loss, Reflactionless

Figure 8-177. Bimpie Example of De-Embedding
In some cases—depending on the fixture or the device
being measured—ihis is satisfactory. But when it is
not, we need to employ other techniques.

One of the reasons that moving the reference plane
out to the device does not always work, 15 that the test
fixture includes a transition from coax to a structure
such as microstrip, co-planer waveguide, or stripline
(Figure 3-178).
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In the discussion on calibration (paragraph 3-10) we
saw that the calibration components establish the
reference plane and determine the quality of the
measurement. If we have a good Open, Short and Zp
load to place at the end of a microstrip line, we ¢an
calibrate the system at the point of measurement,

APPROACH NUMBER 1
CALIBRATE THE FIXTURE

& Special Calibration Devices Required

Figure 3-179 shows some of the special test-fixture
calibrz tion standards that are available.
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Figure 8-179. Special Test Fixtures

These special ealibration kits are far from perfect, but
they are superior to our perfect transmission line ag-
sumption.

Figure 3-180. Solving for Unknowns

It is also possible to use three known impedances. For
instance, a varactor with three voltages applied
(Figure 3-181).

SPECIAL CALIBRATION DEVICES
PROBLEMS

 Opens Are Difficult-Radiation Effects

& Good Terminations Are Hard to Find,
20-30 db Is Often the Best That We Can
Do and This Determines the “cfiective
Directivity”

You may have heard of the probe system built to per-
mit on-wafer measurementis by Caseade Microtech,
It is a good example of a system condusive to this ap-
proach.

CASCADE MICROTECH
WAFER PROBE

Calibratlon Standards Are on a Wafer

The Open, Short, termination approach provides
three known standards that permit the analyzer to
solve for three unknowns (Figure 3-180).

uuuuuuuuuu

uuuuuuuuuu

You should tzzrn off or dzseennect the bias
supplies during the calibration, since you
are using a Short as the calibration
standard.

360 OM

SPECIAL CALIBRATION KITS
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e
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Not Parfect Either

C ks varied
by chang ing
voltage

I067

Figure 3-181. Three Known Impedances

The second approach is to model the fixture. Model-
ing is elegant but of limited use due to the non-ideal
characteristics of the fizture, Modeling can be ac-
ecomplished in 8 CAD system like Touchstone or Com-
pass.

APPROACH NUMBER 2
CHARACTERIZE THE FIXTURE

* Model
» Measurs
& Compute the Dasired Result

In summary, there are quite a variety of ap-
proaches—all with their own characteristic pitfalls.
Engineers try to choose the most appropriate
technigue for their application.
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316 TIME DOMAIN MEASUREMENTS

§-156.1 Time Domain Measurements,
Discussion

The Optien 360-2 Time Domain feature is a useful
measurement tool for determining the location of im-
pedance discontinuities. Some typical applications
are identifying and analyzing ¢ircuit elements, isolat-
ing and analyzing a desired response, locating faults
in cables, and measuring antennas .

TIME DOMAIN
A USEFUL TOOL FOR:

& [dentifying and Analyzing Circuit
Elemenis

# [solating & Desired Response

e L ocating Faults

& Making Antenna Measuremenls

The relationship between the frequency-domain
response and the time-domain response of a network
is described mathematically by the Fourier trans-
form. The 360 makes measurements in the frequen-
¢y domain then caleulates the inverse Fourier trans-
form to give the time-domain response. The time-
domain response is displayed as a function of time (or
distance). This computational technique benefits
from the wide dynamic range and the error correction
of the frequency-domain data.

RELATIONSHIP OF TIME DOMAIN
TC FREQUENCY DOMAIN

» Indirect Measurement

¢ Calculated From Frequency Domain
{Using inverse Fourier Transform)

e Displays S-Parameters As a Function of
Jime or Distance

Let us examine the time-domain capabilities of the
Model 360 Vector Network Analyzer. Two measure-
ment modes are available: lowpass and bandpass. -

360 TIME DOMAIN MODES

e Lowpass Mode
& Bandpass Mode

3-154

‘We use the lowpass mode with devices that have a de
or low-frequency response, In the lowpass mode two
responses fo the device-under-test (DUT) are avail-
able: impulse or step stimulus, The frequencies used
for the test must be harmonically related to the start
frequency.

LOWPASS MODE

o Either impuise or Siep Response
Available

¢ Displays Impadance Information

& Requires Harmmonically Related
Frequencies

& Used When Device Has a DC or Low
Frequency Path

The lowpass impulse response displays the location
of discontinuities as well ag information usefu] in
determining the impedance (R, L, or C) of each
discontinuity.

LOWPASS IMPULSE RESPONSE

» {ocation of Discontinuities
& Information on Type of Discontinuities

The impulse response is a peak that goes positive for
R>Zs and negative for R<Zo. The height of the
response is equal to the reflection coefficient
{rho=A{R — Zo)AR + ZoJ)). The impulse response for a
shunt capacitance is a negative-then-positive pesk
and for a series inductance is a positive-then-nega-
tive peak (Figure 3-182).

CIRCUIT ELEMENTS
Lowpass Impulse Response
Impedance S11 Real

—_

R>Z2c

R<o )

Shumt C ———J\—

Serles L _{\J____.

H0BY

_i;'igure 3-182, Lowpass Impuise ftesponse
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An example of using impulse response is circuit im- CIRCUIT ELEMENTS
pedance analysis. With an impulse response, we can Lowpass Step Response
observe the circuit response of a passive device, such Impedance S11 Real
as a power splitter, and make final adjustments n
during the test (Figure 3-183). R>Zo  ——
Step Attenuator R<Zo T N N——
5 u Shunt C —\U
511 FORWFRD REFLECTION P wes serles L #
T s

2 485.362 PS
L 1Bl82% m0

7,000 i
a
&
3375419 k5
L T181020 nil
. N .
H 4.293.296 b4
1 L9lERE Al
\

L 5 195.571 =S
LRt o+ =i}

0,00088 700 .00

€ 162.514 p5
L 27 E34 ml)

360069

_Figure 3-183. Exampie of Lowpass Impuise Response

The lowpass step response displays the location of
discontinuities as well as information useful in
determining the impedance (R, L, or C) of each dis-
continuity, If you are familiar with time-domain
reflectometry (TDR) you may feel more comfortable
with step response, as the displays are similar.

LOWPASS STEP RESPONSE

¢ TDR Measurement
e | ocation of Discontinuities
¢ Information on Type of Discontinuities

The lowpass step response for a resistive impedance
is a positive level shift for R>Zo and a negative level
shift for R<Zp. The height of the response is equal to
the reflection coefficient (rho=(R—Zo)/(R+Zo)). The
step response for a shunt capacitance is a negative
peak, and for a series inductance it is a positive peak
(Figure 3-184).

360 OM

Figure 3-184. Lowpass Step Response

An example of using the lowpass step response is
cable fault location, In the frequency domain a cable
with a fault exhibits much worse match than a good
cable. Using lowpass step response, both the location
of the discontinuity and information about its type
are available (Figure 3-185).

Cable

Short

!

0.000nR 40, 060cA 360071

Figure 3-185. Example of Lowpass Step f-'\’esponse

The 360 bandpass mode gives the response of the
DUT to an RF-burst stimulus. Two types of response
are available: impulse and phasor-impulse. An ad-
vantage of the bandpass mode is that any frequency
range can be used. Use this mode with devices that
do not have a dc or low-frequency path.

BANDPASS MODE

¢ Calculates Impulse or
Phasor-Impulse Response

e Uses Any Frequency Range

¢ Used When Device Does Not Have a
DC or Low-Frequency Path
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Use the bandpass-impulse response to show the loca.
tion of a discontinnity in time or distance, as indi-
cated by changes in its magnitude. Unhke the low-
pass mode, no information as to the type of the dis-
continuity is available. A typical use for this mode is
to measure devices—such as, filters, waveguide,
high-pass networks, bandpass networks—where a
low-frequency response is not available.

BANDPASS IMPULSE RESPONSE

* Magnitude Measurement Only

* Location of Discontinuities

¢ No Information on Type of
Discontinuities

The bandpass-impulse response for various im-
pedance discontinuities is shown in Figare 3-186, As
we can see, no information about the type of discon-
tinuity is available,

CIRCUIT ELEMENTS
Bandpass Impuise Response
Impedance 811 Log Magnitude
R>Zo ™\
R<Zo a
Stunt C ed N
Serles L —tN
0070

ﬁg&w 8.188. ﬁaxsﬁ;;ass Impulse 'ﬁespensa

An example of using the bandpass-impulse response,
is the pulse height, ringing, and pulse envelope of 2
bandpass filter {(Figure 3-187).

B FRSEG TRAMGTESTIS R SRR TR AR O ® s ]
LR M PN 220 Dol BL AR £ 1R, PRGBS ARl
g
. B
A e
e PV
88000 - 5000 B.000RE A8 S

Figure 3-187. %xam;zie of Bandpass-Impuse §esp9nse
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PHASOR IMPULSE BANDPASS RESPONSE

+ Real and Imaginary Measurement
» Information On Type of Discontinuity

Use the phaser-impulse response with bandpass
response to determine the type of an isolated im-
pedance discontinuity.

After the bandpass-impulse response has been iso-
lated, the phasor-impulse response for a resistive-im-
pedance-level change is a peak that goes positive
(R>Zo) for the real part of Si1 and negative for R<Zo.
The imaginary part remains relatively constant. In
each case the peak is proportional to the reflection
coefficient, The phasor-impulse response for a shunt
capacitance is a negative-going peak in the imaginary
part of Sy1, For a series inductance, it is a positive
going peek (Figure 3-188).

CIRCUIT ELEMENTS
Bandpass-Phasor Impulse Response
Impedance Real 511 Imaginary S44
RsZo o o
Shunt C _U{\_ —
Serles L _.J\[.... N
380073

ﬁgﬁm 3-188. ﬁandpass Phasor ﬁespmse

Next, let us look at a complex circuit. A resistive im-
pedance change R<Z¢ and a shunt capacitance and
series inductance. These impedance changes are
shown in the time domain for the lowpass-impulse
response, lowpass-step response, and bandpass-im-
pulsze response (Figure 3-189).

The 360 processes bandpass-impulse-response data
to obtain phasor-impulse response. This becomes
most advantageous where both a reactive reflection
and an impedance change occur at the same location.
The real part of the time-domain response shows the
location of impedance level changes, while the imagi-
nary part shows the type of reactive disconiinuity.
Phasor-impulse response displays one discontinuity
at a time {(Figure 3-180).
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Select time or distance for the horizontal axis.
The 360 defaulis to time axis.

WGem Scn 10cm

20
Lowpass Impulse L—u—f\j’\‘-“[\/'

Rasponsa
Real, 84¢

Lowpass Step
Responsa

NOTE

If we select distance, be sure to set the
dielectric constant in the Reference

Delay menu (Figure 3-192),

DOMAIN
FREGUENGY
M”% M ™ FREGUENCY
Bandpass WITH Tk
Response 360074 TIME
— LOWPASE MOGE
i N TIME
Figure 3-189. Complex Impedances EARLOABS MODE
DISPLAY
PTMEDISTANGE
5em 10 o SET RANGE
SET GATE
2000 TC son GATE ON/OFE
HELP
i ass PAESS <ENTER>
Magritude m Bandp £
; i Ot SWITCH
A
hmor Impulse o
Figure 3-192. Time/Distance Menu
Real i h
imaginary Select SET RANGE and use the START/STOPor
GATE/SPAN selections to set the range (Figure
3-193).
IR
Figure 3-190. Phasor-Impulse Kesponse Data
DOMAR LOWPASS TIME RANDPASS TIME
a. Operating Time Domain FAECUENGY .;ﬁm‘” SETUR o “2""
To operate in the time domain mode, press the FREQUENCY XXLXXX pa XRXKHX s
: : GATE 5TOP sTOP
DOMAIN key. A domain menu (Flgm:e 3-191) 3_]“ e X7 Y0 pe TR0 e
lows us to select the frequency- or time-domain LOWPASS MODE CENTER " CENTER o
:;:;dj]s b}’ img]e CUrsoer §Q1ﬁcti0n. The 360 Eﬂf‘m MODE gm EPAN
aults to euen main. DISPLAY X XXX po XXXXXK p
t 2 q cy dQ a TIMEAISTANCE MARKE HANGE MARKER BANGE
RESPONS PHASOR OMOFF
# SET RANGE M TER A
seroar: wone St RiRgc o
DOMAN DOMAIN LXOMAIN GATE ON/OFF PRESS <ENTER> BISCONTINUETY
o FREGLENGY FREQUENCY FRECQUENCY HELP TOSELECY MORE
FREQUERCY FREOUENCY FREQUENGY PRESS SENTER- PRESS ENTER>
gLTTE TIE &T‘% TIME (‘h;l\?é TIME OR SWITGH TO SELECT
TIME # TIME YIME
LOWPASS MODE LOWPASS MODE LOWPASS MODE
TME TIME $TIME s
BANDPASS MODE BANDPASS MODE BANDPASS MODE Figure 3-193. Set Range Menu
DiSPLAY CISPLAY DISPLAY
TIME/DISTANGE TMEDSTANCE TIME/DISTANCE
SET RANGE SET RANGE SET BANGE
SET GATE SET GATE GET GATE
GATE ONOFF - BATE ONIDEF GATE ON/OFF
HELP HELP HELP
PRESS <ENTER> PRESS <ENTER PRESS <ENTER»
TO SELECT TO SELEGT T BELECT
OR BWHEH OR &wiieH OR SWITGH
Figure 2-191. Domain Menn
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For the lowpass mode select either IMPULSE or
STEP Response and set the DC term. The 360
defauits to the IMPULSE Response and the
AUTO EXTRAPOLATE mode for the DC term
{Figure 3-194).

NOTE
The bandpass mode displays
Bandpass Impulse Response unless
we select Phasor Impulse Response.

it CONTROL PANEL OPERATION

b. Windowing

Windowing is & frequency filter that we apply to
the frequency-domain data when we convertit to
time-domain dats, This filtering rolls off the
abrupt transition at F1 and F2. This effectively
produces a time-domain response with lower
sidelobes. Windowing allows a limited degree of
control over the pulse shape, trading off ringing
(sidelobes) for pulse width (Figure 3-196).

WINDOWING

Freguency Domaln Time Domaln
1-Term Window

o ha
i RN

2-Term Window

NOTE: Wider but=m ringing

LOWPASS TIME SEY DG TERM BANDPASS TIME
DOMAN SETUB FORLOW PASS DOMAIN SETUP
START PROCESEING START
XKL XK ps *ALTO 000 pa
STOP EXTRAPOLAYE STOF
XXLXX pa LINE XX XXX s
CENTER IMPEOARCE CENTER
TOLK DPEN FOLX0K pa
SPAN SHORT SPAN
KAXXAX pa CTHER KAR XXX pa
MARKER AANGE XL XXX o MARKER RANGE
# BESPONSE O AL # PHASOR ONOFF
WFULSESTER R e IMPULSE
MORE COEFE, OF :ss%ﬁ#f%ﬁge
BRESS <ENTER> KX OISCONTHIRUITY
TO SELECT PRESS <EMTER> WMORE
TO BELEGT
PRESS <ENTER-
TS SELECT
Figure 3-184. Response Menus

The Marker Range menu allows usto zoom in and
display the range between two selected markers

(Figure 3-195).

Figure 8-196. Windowing

We select windowing from the Time Domain
Setup menu, Four different windows are avail-
able: RECTANGLE, NOMINAL, LOW
SIDELOBE, and MINIMUM SIDELOBE. The
RECTANGLE option provides the narrowest
pulse width, while the MINIMUM SIDELOBE
option provides the least ringing (fewest

LOWPASS TIME
DOMAIN SETUP

STARY
XX XXX o

STOP
XXHXAX py
DENTER
XX XL K ps

EPAN
O KKK s

* HARKER RANGE
RESPCONSE
IMPULSESTER
MORE

PRESS <ENTERS
TO SELECT

TIME
MARKER RANGE
& START TIME
MARKER Eaé
X X3 64X
STOP TIME
MARKER %

X300 XXX
RESTORE
ORKIINAL
RANGE
PREVIOUS MERU
USE KEYPAD
¥5 CROOSE
WMARKER (1.6

PHESS <ENTER»
TO SELECTY

sidelobes). The 360 defaults to the NOMINAL op-
tion, which is acceptable for most measurements
(Figare 3-197),
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Figure 3-185. Marker Range Menus

LOWBASS TIME LOWPASS TIME SHAPE
DOMAN SETUP DOIAIN SETUP ¢ RECTANGULAR
START § WINDOW
X XXX ps HOMINAL HOMINAL
sToPR SET GATE LOW SOELOBE
XUX XXX s SETOO. TERM MIN SIDELOBE
CENTER XXX HELP
;":«K«mxﬂw PREVIOLIS MENU Pn%ss EE&!QT?R;
PRESS <ENTER
KR XHX s TO SELECT
MARKER RANGE
RESPONSE
WPULSESTER
FMORE
PRESS £ENTER>
TG SELECT

~Figure 3-197. Window Shape Menus
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Gating

Gating is a time filter that allows for removing
unwanted time-domain responses by gating the
desired response. We can view the isolated
regponse in the both time domain—using the
PHASOR IMPULSE RESPONSE option—and in
the frequency domain—using the FREQUENCY
WITH TIME GATE selection (Figure 3-198).

GATING

GATE

/\

IRGTANCE

/\

GATE AFPLIED

ﬁignm 8.198. Gating

There are four different gate shapes available:
RECTANGLE, NOMINAL, LOW SIDELOBE,
and MINIMUM SIDELOBE. The 360 defaults to
the NOMINAL gate. To specify a different shape
simply enter the Gate menu and select the
desired gating shape. The RECTANGLE has the
largest ripple, while MINIMUM SIDELOBE has
the least (Figure 3-199).

DOMAN GATE SHAPE
FREQUENCY START RECTANGLULAR
FREQUENCY EXRKAX e # NOMBAL
T TE Bt mm LOW SIOELOBE
TIME CENTER N SIELOBE
TOX 2HX o HELP

SPaN PRESS £ENTER>
OOLXAK oem TO SELEGT

* SHAPE
NOMMNAL

TIME DOMAIN MEASUREMENTS

d. Gating Example

Let us look at a reflection measurement. Adevice
at the end of a coax cable is meagured in the fre-
quency domain, We would like to measure the
return loss of this device and characterize its im-
pedance, but to do so we have to eliminate the
response of the cable and connectors {(Figure 3-
200). Steps 1 thru 5 below describe a method for
making this measurement.

!

; s
§OPFREQUETEY
1

A, C00ABATY L FREGUEREY
i LIEH TERE
! BARIE

L e
A ﬁ»ﬁ ‘Eﬁ%? _fﬁv’i_j’i }E; ! ES‘ ﬁ%%ﬁ ;;:;SS.. o6t
gﬁgﬁ;}{““ﬁ‘g#}/\l J'i ;?‘;f h ghedpass oot

5% FORURREG REFLECTION

LOG 7RG, PREF = 0. 000HR
[ - PR .
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U reemeiese
i e
’ I ser emre
I, emmE oFF

i i HELR
I5 PRESS <EnTERE
i b 10 BELECT
i2.%000 | OR SWITCH

Figure 3-200. Frequency Gating

1. Convert the frequency domain data into the
time domain using TIME BANDPASS MODE
(Figure 3-201),

!
HE =
| FREUUENCY
10.:000a8: D1 | FREMENCY

NUUIDASSE B 2 e 24

Pr HATE
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i

£i1 FORMARD REFLECTIONM b2

1o MG, FREF=0. 30THE

H SPEEFLAY

» | THEpIETANE
e teved
oser gare
POBATE FF

TIMEANSTANCE

# BET GATE
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PREVIIS MENU
PRESS <ENTER

H . & '
¥ Y . | PSS e
4 ! 19 SELEDT

600

OF SdVoH

TOBELECT
PRESS «ENTER»
SELECT
OR SWITCH

Figure 8.188, Gating Menus
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Figure 3201, ’i‘imﬂéaﬁng

2. Select SET GATE in the Domain menn then

GATE DISP in the Gate menu. This allows us
to put the gate around the discontinuity of in-
terest using the START, STOP, or CEN.
TER/SPAN selections (Figure 3-202).
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Figure 8-202, Gate Display Figure 3-204. Response with PHASOR

IMPULSE ON Selectad

3. Select GATE ON in the Gate menu and the

unwanted responses are removed (Figure 5. Belect Q CY WITH TIME GATE in

the Domain menu to display the frequency

3-203). . .
domain 811 forward reflection of the gated
time domain response (Figure 3-205).
B£1 FORURRD REFLECTION BF  wl Bite
LO6 R, HREF -5, S00 A GRERAOIN ] Aramy
P oe - . - A8 GEE o fa a2t
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- i
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Figure 8-208. Response with GATE ON Selected 0-5a00 - R ST

Figure 3-205. Response FREQUENCY

4, Belect PHASOR IMPULSE ON in the WITH TIME GATE Selocted

Bandpass menu. The real and imaginary
reaponses of the Phasor Impulse Response are
displayed. Based on the display, the divice has
a series inductance as well as resistance »>50
ohms (Figure 3-204).

An example of gating a transmission measare-
ment is making an antenna measurement,
Gating can remove unwanted ground or chamber
reflections that interfere with characterizing an
antenna’s pattern (Figure 3-2086).
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Transmitted Signal

WOGTS

Figure 3-206. Antenna Measurements

Finally, let’s look at some measurement con-
siderations and ways to optimize their time-
domain results.

MEASUREMENT CONSIDERATIONS

# Small Responses
» Close Responses
» Distant Responses

Small impedance changes cause small responses
that can be lost in the noise floor. This is also
true of long cable and waveguide runs with high
ingertion logs.

SMALL RESPONSES

+ Small impedance Changes
» Long Lossy Devices
# High Inserlion Loss Paths

To optimize for small responses:
& Use averaging and reduced IF bandwidth to
lower the noise floor,
¢ Use maximum power to provide maximum
dynamic range,
® Use the window with the lowest sidelobes to
reduce ringing.

OPTIMIZE FOR SMALL RESPONSES

* Use Averaging
¢ Use Reduced IF Bandwidth
+ Use Window With Least Ringing

360 OM

Elements that are physically close or have
similar length transmission paths can have min-
imal or overlapping time domain responses.

CLOSE RESPONSES

# Physically Close Elements
* Similar Length Transmission Paths

To optimize for close-response measurements

and attain the best resolution:

#* Use the widest sweep.

® Uge the window with the narrowest pulse
shape.

OPTIMIZE FOR CLOSE RESPONSES

* Use Widest Sweep
» Use Window with Narrowest
Pulse Shape

To maximize the distance measurement
capability without causing aliasing (false infor-
mation), use the minimum-frequency-step size
by selecting 501 points and the minimum-
required-frequency range.

DISTANT RESPONSES

+ {se 501 Points
* Use Minimum Required Frequency
Range

In summary, the 360 Time Domain capability is
a powerful and versatile tool in performing net-
work analyzer measurements.

TIME DOMAIN
A Powerful and Versatlle
Network Analyzer Tool

3-15.2 Time Domain Menus

The menus associated with the Time Domain Option
are described in Figures 3-207 thru 3-218.
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MENU DESCRIPTION
DOMAIN

FREQUENCY Displays the data in normal frequency domain format,

FREQUENCY Displays the data in the frequency domain after a specific time range has

WITH TIME been sampled by the gate function.

GATE

TIME Displays the data in the time {(distance) domain, using true lowpass

LOWPASS MCDE processing. Data must be taken using a harmonic series calibration and
sweep in order to use this mode.

TIME Displays the data in the time (distance) domain using bandpass process-

BANDPASS MODE ing. Any data sweep range using normal calibration can be used.

DISPLAY

TIMEDISTANCE Switches the mode of display between time and distance. This does not
affect the actual displayed data, but only the annotation.

SET RANGE Takes you to Menu TD2, which lets vou set range and other display
parameters,

SET GATE Takes you to menu TD4, which lets you set gate parameters.

GATE ON/OFF Switches the gate on or off each time ENTER is pressed.

HELP Displays an informational help menu.

PRESS <ENTER: Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the screen until another menu is selected for display or uniil
QR SWITCH the CLEAR/RET LOC key is pressed.

Figure 3-207. Menu TD1, Domain (Frequencyff)isplay)
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MENL DESCRIPTION
LOWPASS TIME
DOMAIN SETUP
START Sets the start time of the display.
XEXAXX ps
STOP Sets the stop time of the display.
WX ps
CENTER Sets the center time of the display.
XXX XXX ps
SPAN Sets the span {Stop - Start} of the display.
XXX KXXK ps
MARKER RANGE Takes you to Menu TD7d/7], which lets you set the display to a range
determined by two of the markers.
RESPONSE Switches between Impulse and Step response each time ENTER is
IMPULSE/STEP pressed,
MORE Takes you t¢ Menu TD3, which contains additional selections for display
setup,
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until

the CLEAR/RET LOC key is pressed.

Figure 8-208, Menu TD24, Lowpass Time Domain Setup
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MENU DESCRIPTION
LOWPASS DISTANCE
DISPLAY SETUP
START Sets the start time of the display.
AUXXKX mm
STOP Sets the stop time of the display.
XXX XXX mm
CENTER Bets the center time of the display
XXX XXX mm
SPAN Sets the span (Stop - Start) of the display.
XXX XXX mm
MARKER RANGE Takes you to Menu TD74/7], which lets you set the display to a range
determined by two of the markers,
RESPONSE Switches between Impulse and Step response each time ENTER is
IMPULSE/STEP pressed.
MORE Takes you to Menu TD3, which contains additional selections for display
setup,
REL. VELOCITY Indicates the relative velocity of light, as set by the dielectric constant in
XX menu RD2.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until

the CLEAR/RET LOC key is pressed.

Figure 3-209. Menu TD2dl, Lowpass Distance Display Setup

3-164 360 OM




ili CONTROL PANEL OPERATION

TIME DOMAIN MENUS

—

I

MENU DESCRIPTION

BANDPASS TIME

DOMAIN SETUP
START Bets the start time of the display.
XAX XXX ps
STOP Sets the stop time of the display.
XXXXXX ps
CENTER Sets the center time of the display.
KX XXX ps
SPAN Sets the span (Stop - Start} of the display.
XXX XXX ps

MARKER RANGE
PHASOR ON/OFF
IMPULSE

HELP — PHASOR
IMPULSE

MORE
PRESS <ENTER>

TO SELECT
OR TURN ON/OFF

Takes you to Menu TD7d/71, which lets you set the display to a range
determined by two of the markers,

Switches Phasor Impulse processing on or off each time ENTER is
pressed.

Takes you to one of the help menus,

Takes you to Menu TD3, which contains additional selections for display
setup.

Pressing the ENTER key implements vour menu selection. Or, when the
eursor is superimposed on PHASOR iIMPULSE, pressing ENTER toggles
the phasor between on and off, The mepu remains on the sereen until
another menu is selected for display or until the CLEAR/RET LOC key
is pressed.

360 OM

Figure 3.210. Menu TD2th, Bandpass Time Domain Setup
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MENU

DESCRIPTION

BANDPASS
DISTANCE
DISPLAY SETUP

START
KAXKXX mm

S5TOP
KUK XXX mm

CENTER
XUKXXX mm

SPAN
KIOLKXH mm

MARKER RANGE

PHASOR ON/OFF
IMPULSE

HELP —~ PHASOR
IMPULSE

MORE

REL. VELOCITY
XX

PRESS <ENTER

TO SELECT
OR TURN ON/OFF

Sets the start distance of the display.

Sets the stop distance of the display.

Sets the center distance of the display.

Sets the span (Stop - Start) of the display.

Takes you to Menu TD7d/7], which lefs you set the display to a range

determined by two of the markers.

Switches Phasor Impulse processing on or off each time ENTER is
pressed.

Takes you to one of the help menus.

Takes you to Menu TD3, which contains additional selections for display
setup.

Indicates the relative velocity of light, as set by the dielectric econstant
in menu RD2.

Pressing the ENTER key implements your menu selection. Or, when the
cursor is superimposed on PHASCOR IMPULSE, pressing ENTER toggles
the phasor between oo and off. The menu remains on the sereen until
another menu is selected for display or until the CLEAR/RET 1.0C key
is pressed.
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Figure 3211, Menu TD2db, Bandpass Distance Display Setup
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il CONTROL PANEL OPERATION TIME DOMAIN MENUS
MENU BESCRIPTION
BANDPASS TIME
DOMAIN SETUP
WINDOW Takes you to Menu TDS, which lets you change the window type.
NOMINAL
SET GATE Takes you to menu TD4, which lets you set the gate.
PREVIOUS MENU Returns you to Menu TDH2.
PRESS <ENTER:» Pressing the ENTER key implements your menun selection. The menu
TO SELECT remains on the sereen until another menu is selected for display or until
OR TURN ON/OFF the CLEAR/RET LOC key is pressed.
Figure 3-212. Menu ﬁ:&ib, Bandpass Time Domain Setup
MENU DESCRIPTION
LOWPASS TIME
DOMAIN SETUP
WINDOW Takes you to Menu TD5, which lets you change the window type.
NOMINAL
SET GATE Takes you to menu TD4, which lets you set the gate.
SETD.C. TERM Takes you to Menu TDE, which lets you set the D.C. term for lowpass
KK XHX processing,
PREVIOUS MENU Returns you to Menu TD2
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed,

Figure 3-213. Menu '.t:""f}s%, Luwpass"'f‘ime Domain Setup
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TIME DOMAIN MENUS

I CONTROL PANEL OPERATION

MENU DESCRIPTION
GATE

START Sets the start time of the gate.,
XXX XXX mm
STOP Sets the stop time of the gate.
XXX XXX mm
CENTER Sets the center time of the gate.
XXX XXX mm
SPAN Sets the span {(Stop - Start) of the gate.
XXX XXX mm
SHAPE Takes you to Menu TDS5, which lets you set the shape of the gate.
NOMINAL
GATE ON Switches the gate on or off each time ENTER is pressed.
PREVIOUS MENU Returns you to the previous menu.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the screen until another menu is selected for display or until

the CLEAR/RET LOC key is pressed.
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Figure 3-214. Menu TD4d,Gate (Distance)
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it CONTROL PANEL OPERATION

TIME DOMAIN MENUS

MENU DESCRIPTION
GATE

START Sets the start fime of the gate.
XXX XXX ns
STOP Sets the stop time of the gate.
XXX XXX ns
CENTER Sets the center time of the gate.
XXX XXX ns
SPAN Sets the span (Stop - Start)} of the gate,
XXX XXX ns
SHAPE Takes you to Menu TD5, which lets you set the shape of the gate.
NOMINAL
GATE ON Switches the gate on or off each time ENTER is pressed.
PREVIOUS MENU Returns you to the previsus menu,
PRESS «ENTER> Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the sereen until another menu is selected for display or until

the CLEAR/RET LOC key is pressed.
Figure 8-215, Menu TD4t,Gate (Time)
MENU DESCRIPTION
SHAPE

RECTANGULAR Selects a Rectangular (one-term) shape.
NOMINAL Selects a two-term Hamming shape,
LOW SIDELOBE Selects a three-term Blackman-Harris shape.
MIN SIDELOBE Selects a four-term Blackman-Harris shape.
HELF Displays an informational help menu.
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu

TO SELECT remains on the screen until anether menu is selected for display or until

the CLEAR/RET LOC key is pressed.

380 0M

Figure 3-216. Menu TD5g/TD6w, Shape
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TIME DOMAIN MENUS

HlI CONTROL PANEL OPERATION

MENU DESCRIPTION
SET DC TERM Since it is impossible to measure the true D.C. term required for lowpass
FOR LOW PASS processing, a value mustbe estimated. This menu allows a choice between
PROCESSING five different selections for this value,
AUTO Sets the D.C, term to a value determined by extrapolating the data points
EXTRAPOLATE near the zero frequency.
LINE Sets the D.C. term to the characteristic impedance of the transmission
IMPEDANCE medium (Zy).
OPEN Sets the D.C. term to correspond to an open c¢ircuit.
SHORT Sets the D.C. term to correspond to a short circuit.
OTHER Sets the D.C. term to the value entered.
XXX XXX #
ABOVE VALUE
REPRESENTS A
REFLECTION
COEFF. OF
XX 2O mU
PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu
TO SELECT

remains on the screen until another menu is selected for display or until
the CLEAR/RET LOC key is pressed.
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Figure 3-217. Menu TD6, Set D.C. Term for Low Pass Processing
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HI CONTROL PANEL OPERATION TIME DOMAIN MENUS
MENU DESCRIPTION
TIME

MARKER RANGE
START TIME Sets the start time to the value of the selected marker,
MARKER {)
XAXXXA S
STOP TIME Sets the stop time to the value of the selected marker.
MARKER ()
KXALXXKA NS
RESTORE Returns the display to the original time range that was in effect before
ORIGINAL the marker range was selected.
RANGE
PREVIOUS MENU Returns you to the TD2 menu.

USE KEYPAD Pressing the ENTER key implements your menu selection. The menu

TO CHOOSE remains on the screen until another menu is selected for display or until

MARKER {1 - 6) the CLEAR/RET LOC key is pressed.
OR

PRESS <ENTEHR»>

TO SELECT

360 OM

“Fmigum 3.218. Menu TD7d/TDT7], Time Marker Range
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D10 1 thre DIO B DATA INPUT/OUTPUT LINES
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NRFD* -~ NOT READY FOR DATA*
NDAC* .. NOT DATA ACCEPTED*
IFC - INTERFACE CLEAR
ATN - ATTENTION
SRO —  SERVICE REQUEST
REN — REMOTE ENABLE
EQI - END OR IDENTIFY

*INDICATES THAT NEGATION
IS REPRESENTED BY LOW
STATE ON THESE TWO LINES
QONLY,

Figure 4-1, Interface Connections and Bus Structure
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SECTION IV
GPIB OPERATION —
BASIC PROGRAMMING

4-1 INTRODUCTION

This section provides a description of the GPIB and
the network anslyzer command codes. It also
provides several examples of bus programming

4.2 DESCRIPTION OF THE TEEE-488
(IEC-625) INTERFACE BUS

The IEEE-488 General Purpose Interface Bus
(GPIB) is an instrumentation interface for integrat-
ing instruments, caleulators, and computers into sys-
tems. The bus uses 16 signal lines to effect transfer
of data and commands to as many as 15 instruments.

The instruments on the bus are connected in parsal-
lel, as shown in Figyre 4-1 (facing page). Eight of the
signal lines (DIO 1 thru DIO 8) are used for the trans-
fer of data and other messages in a byte-serial, bit-
parallel form. The remaining eight lines are used for
communications timing (handshake), control, and
status information, Data are transmitted on the eight
GPIB data lines as a series of eight-bit characters,
referred to as bytes. Data transferral is by means of
an interlocked handshake technigque,

This technigque permits asynchronous communica-
tions over a wide range of data rates. The following
paragraphs provide an overview of the data, and
handshake buses, and describe how these buses in-
terface with the network ansalyzer.

4-21 Data Bus Description

The data bus is the conduit for transmitting informa-
tion and data between the controller and the network
analyzer. It contains eight bi-directional, active-low
signal lines. DIO 1 thru DIO 8. One byte of informa-
tion (eight bits) is transferred over the bus at a time.
DIO 1 represents the least-significant bit (LSB) in
this byte and DIO 8 represents the most-significant

360 0M

bit (MSB). Each byte represents a peripheral address
{either primary or secondary), a control word, or a
data byte.

4-2.2 Management Bus Description

The management bus 18 a group of five lines used to
control the operation of the bus system. Functional
information regarding the individual control lines is
provided below.

a. ATN (Atftention)
When this line is TRUE, the network analyzer
responds to appropriate interface messages such
as, device clear and serial poll and to its own lis-
ten/talk address.

b. EOI (End Or Identify)
When this line is TRUE, the last byte of a multi-
byte message hasbeen placed ontheline. Theline
is also used in conjunction with ATN to indicate
a parallel poll.

¢. IFC (Interface Clear)
When this line is TRUE, the network analyzer's
interface functions are placed in a known state
such as, unaddressed to talk, unaddressed to lis-
ten, and service request idle.

d. REN (Remote Enable)
When this line is TRUE the network analyzer is
enabled upon receipt of its listen address for
entry into the remote state. This mode is exited
either when the REN line goes FALSE (high) or
when the network analyzer receives a go-to-loeal
{GTL) message or an RTL (return to local) com-
mand.

e. SRQ (Servive Regquest)
Thie line ia pulled LOW (true) by the network

analyzer to indicate that certain preprogrammed
conditions exist.

4-3




GP!B OPERATION

IV GPIB OPERATION -~ BASIC COMMANDS

DAV

FALSE {0AIGH]

TRUE [(1A.0W

I

MRFD

8UIAL

FALSE (0/HIGH]

FALSE (/HIGH]

THUE {1/L.0W}

Figure 4-2, Typical Handshake Operation

4-23 Data Byte Transfer Control (Hand-

shake) Bus Description

Information is transferred on the data lines by a tech-
nigue called the three.-wire handshake. The three
handshake-bus signal lines (Figure 4-2) are described
below,

a.

b.

DAV (Data Valid)

This line goes TRUE (arrow 1) when the talker
has (1) sensed that NRFD is FALSE, (2) placed a
byte of data on the bus, and (3) waited an ap-
propriate length of time for the data to settle.

NRFID (Not Ready For Data).

This line goes TRUE (arrow 2) when & listener in-
dicates that valid data has not yet been aceepted.
The time between the events shown by arrows 1
and 2 is varable and depends upon the speed
with which a listener can accept the information.

NDAC (Not Data Accepted).

This line goes FALSE to indicate that a listener
has accepted the current dats byte for internal
processing. When the data byte has been ac-
cepted, the listener releases its hold on NDAC
and allows the line to go FALSE. However, since
the GPIB is constructed in a wired-CR configura-
tion, NDAC will not go FALSE until all listeners
participating in the interchange have also
released the line. As shown by arrow 3, when

NDAC goes FALSE, DAV follows suit a short time
later, The FALSE state of DAV indicates that
valid data has been removed; consequently,
NDAC goes LOW in preparation for the next data
interchange (arrow 4).

Arrow 5 shows the next action in fime: NRFD
going FALSE after NDAC has returned TRUE,
The FALSE state of NRFD indicates that all lis-
teners are ready for the next information inter.
change. The time between these last two events
is variable and depends on how long it takes a lis-
tener to process the data byte. In summation, the
wired-OR construction forces a talker to wait for
the slowest instrument to accept the current data
byte hefore placing 2 new data byte on the bus,

4-3 GPIB OPERATION

All front panel kevs, except for LINE ON/ OFF, are bus
controllable, When used on the GPIB, the network
analyzer functions as both a listener and a talker.
Table 4-1 provides a listing of the GPIB subset fune-
tions and gives the capability for each.

4-4 COMMAND CODES, DESCRIPTION

The following paragraphs and tables describe the
various GPIB command codes used by the 360.
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IV GPIB OPERATION — BASIC COMMANDS

COMMAND CODES, DESCRIPTION

Table 4-1. 360 IEEE-488 Bus Subset Capability

GPIB FUNCTION DESCRIPTION
SUBSET
AH1 Accaptor Complete
Handshake Capability
SH1 Source Hand- Complete Capability
shake
16 Taker No Talk Only (TON)
TEG Talker With Ad- | No Capability
drass Exiansion
l4 Listensr No Listen Only {LON}
Listenar With Ad-
LEO dress Extansion | No Gapability
SR Service Request | Complete Capability
RLt Remote/ Complate Capabiiity
Local
PP Paralle! Poll Gomplete Capability
DC1 Device Claar Complete Capability
DT Device Trigger Campiste Capabiilty

4-41 Command Codes: Classifications

The GPIB interface for the 360 uses more than 300
commands to implement the various fanctions. For
deseriptive purposes, the commands are organized
into functional classifications, as shown in Table 4-2.
The paragraph, table and page numbers where the
eodes are described in detail are also provided. Anal-
phabetical listing of the command codes is provided
in Table 4-3. Both of these tables include codes that
gre described in Section V, GPIB Operation—Ad-
vanced Programming.

360 OM

4-4.2 Command Codes; Syntax And
Programming Tips

a. Syntax
All mnemonics are three characters long and may
be entered in either upper or lower case.
Mnemonics which require data must have a valid
terminator mnemonic after the data. Separators
between mnemonics and either data or other
mnemonics are optional,

b. Programming Tips
The 360 15 a “channel-based” instrument, which
means that most commands apply only {0 the
current active channel. Therefore, to set up a
desired state on multiple channels, a CH1 - CH4
mnemonic should precede the setup. For
example:

“D14 CH1 S11 SMI CHZ2 S12 MPH CH3 B521 MAG

CH4 $22 ISM”

This string sets up a guad display (D14) and then
gets the s- parameter and graph type desired for each
Channel (Channel 1: 811, Smith chart; Channel 2:
812, log magnitude and phase; Channel 3; 8, log
magnitude; Channel 4: 8g9, inverted Smith chart).

Other command codes are “global” in their extent,
menning they apply to all channels. Examples of
these mnemonics: start/stop frequency (SRT,STP),
averaging (AVG, AOT), and source power (PWR).

4-4.3 Command Codes: Response To Errors

The following describes how the 360 responds to
error conditions

a. Syntax Error
The 360 beeps and sends a Service Request
(5RQ), if enabled. It also ignores any further

commands until it is programmed to talk or be
unlistened.

b. Parameter Out Of Range Error
The 360 moves the cursor to be adjacent to the
erroneous entry, beeps, displays the entry in red
and sends an SRQ (f enabled). The error is.
cleared upon execittion of the next instroetion.

¢. Action Requested Not Possible

The 360 sends an SRQ (f enabled) and ignores
the command.
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COMMAND CODES, DESCRIPTION IV GPIB OPERATION — BASIC COMMANDS

Table 4-2 . Command Code Classes {1 of 2)

Cmmand
Code Description Para, Table Page
Channels DSP, D13, D24, D14, CH1, CH2, CH3, CH4 4-4.4 A-4 416
Data entry 0thru g, -, ., GHZ, MHZ, KHZ, PSC, NSC, USC, DBL, 4.45 4.5 4-18
DEM, DEG, MMT, CMT, MTR, XX, XX3, XM3, REU, MU
Measuremant Control S11, 821, 822, 512, SRT, 3TP. PWR, CWF, FHI.FME, 4-4 6 45 417
FLO, HLD, TRS, CTN, WF3S, SAt, SAZ2, TA2, SWP
Display Control MAG, PHA, MPH, SWH, SMI, ISM, SME, ISE, SMC, ISC, 437 4-7 419
DLA, PLR, PLG, LIN, LPH, BEL, IMG, RIM, SGL, OFF,
REF, ASC, APR
Enhancament N, FR, FM, AVG, AQF, 5CN, 5CF 4-4.B i3 4.22
Relerence Delay RDD, BRDT, RDA, DIA, DIT, DIP, DIM, DIE 4-4.9 4.8 4.22
Trace Memory DAT, MEM, DTM, DNM, MIN, DIV, ADD, MUL, STD, SDK, 4-4.10 410 4.23
RCK
Markers MK1- MKS, MOF, MON, MO1 - MOS6, DR1 ~ DRS, DRO, 4-4.11 4-11 4-28
DRF, MA1 ~ MR&, MMN, MMX, M1S - M8S, M{E — M8E,
M1C — M&C
Limits LUP, LLC, LON, LOF, LFR, LFD, LFP 4-4.12 4-12 426
Hard copy oulput TOD, PFS, PGR, PMK, PTB, PMT, FT0 - PT3, PST, FFD, 44,33 4-13 4-28
PLS, PLD, PLT, PMN, PLH, PGT, PFL, PT, PTR, PBL,
PBR, DPN, GPN, MPN, HPN, L.DT, LNM, LMS, LID, TDD,
RTB, SPD
Miscellaneous RST, FON, FOF, BCO, BC1, BLU, CYN, TST, RTL, DFP, 4-4.14 4-14 4-30
Functions DGS, DCP, DCY, DC3
Calibration C12, CBT, CRF, GFR, GFT, CRL, NOC, SRT, STE DFC, 5-5.1 . *
FRS, FRL, FRP, FIL, DFQ, DFD, CWC, CWF, TDC, P1C,
P2C, CMS, OFS, CMK, CFK, CMN, CFN, CM3, CF3, CNG,
CND, GO0, COS5, CCO, CC1, ©C2, CC3, BBL, 5LD, BEG,
TCD, NCS, KEC, CON, COF A12, A8T, ARF, AFR, AFT,
ARL
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1V GPIB OPERATION — BASIC COMMANDS

COMMAND CODES, DESCRIFTION

Table 4-2 . Command Cnde Classes (2 of 23

Cmmand
Cods

Sava/Recall

Data Transter

Group Execute Trigger

Disk Functions

Time Domain

Status bytes/SHOQ

Dascription Para.

STO, BLD, V1 - 5V4, RG1 - RC4 552

OM1 - OM8, OAP, OKP, OID, ONP, FMA, FMB, FMC, LSB,| 553

MSB, OC1 - OC9, OCA, OCB, OCC, OCL, OCD, IC1 ~1C8,
ICA, IGB, ICC, ICL, IFY, OFV, 081 — 084, OFP, 11— 154,
IFP, ODR, CRD, OFD, ICD, IFD

DEF, END 554

SDK, RCK, 8TC, RLD, TDD, RTB, DEC, DED, DEN, INT, 585

LKT

FQD, DBF, TBP, DPY, TPI, DLP, TLR, DCA, DCZ, DCO, 5-58

DOS, DOV, MRR, LPI, LPS, FGT, GON, GOF, GDS, SRT,
STP. GST, GSP, GCT, GSN, GRT, GNM, GLS, GMS, WRT,
WHM, WLS, WMS

LPL, LPS, OPB, OEB, IPM, IEM, 3Q0, SQ1, CS8 587

Tabie

Page

* Denotes material to be ineluded in Section V of the follow.on packet,

Table 4.3 . An Alphabetica! List of Command Codes (1 of 8)

Command

Code Dascription Para. Table Page
ADD Select Complex Addition as Trace Math 4410 410 423
AFR Assume Fraguency Response * * *
AFT Assuma Fraguency Response — Transmission Only * * *
AOF Averaging Off 44,8 4-8 4-22
APR Set Group Delay Apsrature Percentage . * .
ARF Assume Reflection Only — One Pont * * *
ARL Assums Frequency Response — Reflection Only * * *
ASC Autoscals Display 447 4-7 4-18
AVG {value) Averaging On and Set to Value 448 4-8 4-22
AST Assume 8 Term . * *

* Dengtes material to be included in Section V of the follow-on packet,
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COMMAND CODES, DESCRIPTION

IV GPIB OPERATION — BASIC COMMANDS

Table 4-3 , An Alphabetical List of Command Codes (2 of 9)

Command

Code Description Para. Table Page
A12 Assume 12 Term . . .
BBL Broadband Load . . .
BCO Blank CRT 4-4.14 4-14 4-30
BC1 Unblank CRT 4-4.14 4-14 4-30
BEG Begin Calibration * * *
BLU Select Blue Color 4-414 4-14 4-30
ci2 Calibrate Full 12 Term * . .
caT Calibrate 8 Term — One Path Two Port) " . .
CC0 — CC3 (valus) Capacitance For Open Device * - *
CFK Female K Connector™ for the Specified Port . . .
CFN Female Type N Connector for the Specified Port * : *
CFS Female SMA Connector for the Specified Port ' * *
CFR Calibrate Frequency Response * * -
CFT Calibrate Frequency Response — Transmission Only * . .
CH1 ~-CH4 Select Active Channel 1 Through 4 4-4.4 4-4 4-16
CMK Male K Connector For The Specitied Port * . -
CMN Male Type N Connector For The Spacified Port * . *
CMS Male SMA Connector For The Specified Port * * ‘
CMT Centimeter 4-4.5 4-5 4-16
CM3 Male GPC- 3.5 Connector for the Specitied Port . . .
CF3 Female GPC - 3.5 Conneclor for the Specified Port * * .
CND Connector Type Other * * .
CNG Connector Type GPC-7 . - .
CNO (value) Connector Offset Value For "*OTHER" connector ’ . *
COF Correction Off ' . *
CON Apply Cal Correction ' . *
COO (value) Connecter Offset for Open Device * . .
COS {value) Connector Offset for Short Device * * .
CRF Calibrate Reflection Only — Cne Port * . .
CRL Calibrate Frequency Response -— Reflection Only * * -
CSB Clear Both Status Bytes . . .
CTN Continue Sweeping From Hcld 4-46 4-6 4-17
CWC CW Cal . . .
CWF (value) CW Frequency 4-4.8 4-6 4-17
CYN Select Cyan Color 4-4.14 4-14 4-30
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1V GPIE OPERATION — BASIC COMMANDS

COMMAND CODES, DESCRIPTION

Table 4-3 . An Alphabetical List of Command Codes { 3of %)

Command

Cade Description Para. Table Page
B13 Dual Channei 1 and 3 Display 4-4.4 4-4 4-18
D14 Four Channe! Display 1 Through 4 4-4.4 4.4 4-18
D24 Dual Channel 2 and 4 Display 4-4.4 4-4 4-16
DAT Display Data 4-4.10 4-10 4-23
DBL JB 4-4.5 4-5 4-16
DBM dBm 4-45 45 4-16
DBP Distance Bandpass Mode - ’ '
De Display Channels 1 and 2 Operating Paramelers 4-4.14 4-14 4-30
BCa Display Channels 3 and 4 Operating Paramelers 4-4.14 4-14 4-30
BCA BC Term For Low Pass, Auto = * *
Beo DCTerm For Low Pass, Open * * *
BCP Display Calibration Parameters . * ‘
DCs DCTerm For Low Pass, Shon * : *
DCV {valus} Set DC Term for Low Pass To Value Specified * * .
DezZ DC Term for Lowpass, Line impedance * ' *
DEC (filonamae) Delete Cal File . . *
DED (filename) Delete Data File . . .
DEF Begin Definition of GET Action * ' "
DEG Degree 4-45 4-5 4-18
DEN (filaname) Delete Norm File - * *
DFC Discrete Frequency Cal : * y
DFD Discrete Frequencies Done . . *
DFp Display Global Operating Parameters 4-4.14 4-14 4-30
DFQG (value) Discrets Fraquencies * * *
DGS Display GPIB Status 4-4.14 4-14 4-30
BlA Set Dieleciric Constant to 1.0 for Air 4-4.9 4-9 4-22
DIE (valug) Enter Diglectric Constant 4-4.9 4-3 422
DIM Set Dielectric Constant to 1.69 for Microporous Teflon 4-49 4-9 4.22
pIP Set Dielectric Constant to 2.26 for Polyethylene 4-4.9 4-9 4-22
DIT Seat Dielectric Constant to 2.1 for Tafion 4.4.9 4-8 422
Div Sat Complex Division as Trace Math 4-4.10 4-10 4-23
DLA Group Delay Display Format 4-47 4-7 4.19
DLP Distance Lowpass Mode * . *
BNM Display Dala Normalized o Mamary 4-4.10 4-10 4-23
Del Distance Phasor impulse Maode * " *
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Table 4-8 . Alphabetical List of Commmand Codes (4 of 9)

Command

Code Description Para. Table Page
DPN (value) Data Pen Number 4-4.13 4-13 4-28
DR1-DR6 Selsct Delta Raferance Marker 4-4.11 4-11 4-25
DRF Delta Refersnce Mode On 4-4.11 4-11 4-25
DRO Delta Refersnce Mode Off 4-4.11 4-11 4-25
DSP Single Channel Display 4-4.4 4-4 4-16
DTM Display Data and Memory 4-4.10 4-10 4-23
END End Dsfinition of GET Action * * *
FFD Form Feed Sent to Printer * * y
FGT Frequency With Time Gate * ) * *
FHI Freguency Resolution High ‘ 4-4.6 4-6 4-17
FIL Fill Range * . .
FLO Frequency Resolution Low 4-4.6 4-8 4-17
FMA ASCIl Format Data Transfer ‘ * *
FMB Floating Point Format 64 Bit Daté Transfer . * .
FMC Floating Point Format 32 Bit Data Transler * : *
FME Frequency Resolution Medium 4-4.6 4-6 417
FOF Blank All Frequency Information 4-4.14 4-14 4-30
FON Display All Frequency Information 4-4.14 4-14 4-3¢
FQD Frequency Domain * : *
FRI (value) Fill Range Increment * ' *
FRP (valus) Fill Range Points * * *
FRS (value) Fill Range Start ‘ * *
GCT (value) Gate Center, Value in Time or Distance * * *
GDS Gate Symbol Displayed * * -
GHZ Gigahertz 4-45 4-5 4-18
GLS Gate Shape Low Sidelobe * ' *
GMS Gate Shape Minimum Sidelobe * . *
GNM Gate Shape Nominal * . *
GOF Gate Off * ' .
GON Gate On * ' *
GPN (value) Graticule Pen Number 4-413 4-13 4-28
GRT Gate Shape Rectangular * * *
GSN (value) Gate Span, Value in Time or Distance * - .
GSP (value) Gate Siop, Value in Time or DistanceA . * .
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Table 4-3 . Alphabetical List of Command Codes (5 of 9)

COMMAND CODES, DESCRIPTION

Command

Code Description Para. Table Page
GST {value) Gate Start, Value in Time or Distance * * .
HLD Hold Mode 4-4.8 4-6 4-17
HPN {value) Headar Pen Number 4-4.13 4-13 4.28
Gt~ 1G9 Load Cal Coefficients 1 Through 9 * * *
ICA-1CC Load Cal Cosfficients 10 Through 12 * h ’
o] Load Corrected Data * ’ *
ICL Input 12 Calibration Cosfficients in String Format * * ¢
iEM Input Extended Status Byte Mask v ‘ *
IFN Sst F Bandwith to Normal 4-4.8 4-8 422
IFR 8ot IF Bandwith i Reduced 4-4.8 4-8 4-22
IFM Set IF Bandwith 1o Minimum 4-4.8 4-8 4-22
IFD Load Final Data * * *
IRy input List Of Frequencies * * *
MG Imaginary Display Format 4-4.7 4-7 4-18
ML Imaginary Units 4-4.5 4-5 4-16
iNT Initiatize Data Disk * " v
iPM input Primary Status Byte Mask * y *
1SC Select Invertad Compressad Smith Chart for Active Channe| 4-4.7 4-7 4-16
ISE {valus) Expand Invertad Smith Chart (10, 20, or 30 dB) 4-4.7 4-7 4-16
ISM Inverted Smith Chart A-4.7 4-7 418
KEC Keep Existing Gal * * *
KHZ Kilohertz 4-4.5 4-5 4-18
LDT (string) Label Date 4413 413 4-28
LFD {value) 5ot Limk Delta for Limit Frequancy Readout on Active 4-4.12 4-12 4-26

Channel
LFP Select Phase Limil Readout for Active Channsl 44,12 4-12 4-28
LFR Select Limit Frequency Readout for Active Channel 4-4.12 412 4-26
LIN Linear Magnitude Display Format 44,7 4.7 4-18
LID (string} Labe! Device ID 4413 413 4-28
LLO {value) Set Lower Limit 4-4.12 412 4-28
LMS {string} L.abel Model and Serial Number 4-412 412 4.26
LNM {string) Label Operator's Name 4-4.12 412 428
LOF Disable Limits 4-412 4-12 4-28
LON Enabie Limits 4-4.12 4-12 4-28
LPH Linear Magnitude and Phase Display Format 4-4.7 4.7 4-19
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s rrrerere

Table 4-% . Alphabetical List of Command Codes {6 of 9)

———

Command

Code Description Para. Tabla Page
LPl Lowpass Impulse . * *
LPS Lowpass Stap ‘ * *
158 Least Signifigant Byt First Data Transfer Mode . N *
LUP {valus) Sat Upper Limit 4-4.12 412 4-28
MAG Log Magnitude Display Format 4-47 4-7 4-19
MEM Display Mamory 4-4.10 4-10 4-23
MHZ Mogaherty 4-45 4.5 4-16
MIN Selact Complex Subtraction as Trace Math 4-4.10 4-10 423
MK1 — MKB(valus} Set Marker To Value 4-4.11 411 4-25
MMN Marier To Min 4-4.11 4-11 4-25
MMT Millimeter 4-4.11 4-11 4-25
MMX Marker To Max 4-4.11 4-11 4-25
MO1 — MO8 Markers Oft 4-4.11 4-11 4-25
M1C — M6C Marker Sweep CW Frequency 4-4.11 4-11 4-25
M1E - MGE Marker Sweep End Fraquency 4-4.11 4-11 4-25
M1S — MéS Marker Sweep Start Frequency 4-4,11 4-11 4-25
MON Markers Enabled 4-411 4-1 4-25
MPH Log Magnitude and Phase Display Format 4-4.7 4-7 4-19
MPN (valug) Marker Pen Number 4-413 4-13 4.28
MR1 - MR8& Marker Selected for Readout and Data Quiput 4-4.11 4-11 4-25
MRR Marker Range Restore v * Y
MSB Most Signifigant Byte First Data Transter Modes g . *
MTRH Mater 4-45 4.5 4-18
MUL Select Complex Multiplication as Trace Math 4-4.10 4-10 4-23
NCS Next Cal Step * * .
NOC Normal Cal - * *
NSC Nanosecond 4-4.5 4-5 4-18
OAP Qutput Active Parameter * * *
OCt - 0C9 Quiput Cal Cosflicients 1 Through 9 * * *
QCA-QCC CQutput Cal Cosflicients 10 Through 12 * : *
oCh Output Corracted Data . . *
OCL QOuiput All 12 Cal Coelficients in String Format * * *
ODR Cuitput Disk Directory " * *
OQEB Qutput Extended Stalus Byte * v .
OFD Output Final Data " . *
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COMMAND CODES, DESCRIPTION

Table 4-3 . Alphabetical List of Command Codes (7 of 9)

Command

Code Description Para. Table Page
OFF (value) Set Offset Value 4-4.7 4.7 4-19
OFP Qutput Front Panel Setup in String Format * * *
OFV OQutput Frequency Values * * *
CID Output Identify ‘ * )
OKP Output Front Panel Key Pressed * y *
OM1 - OMB OQutput Marker Value 1 Through 6 . * *
ONP Output Number Of Data Points * * *
OPB Qutput Primary Status Byte * * *
ORD OQutput Raw Data * . *
081 -084 Cutput Storad Setup In String Format * . .
PiC Port 1 Connector Speacification * * *
P2C Port 2 Connector Specification * * .
PBL Plot Bottom Left, 1/4 Screen 4-4,13 4-13 4-28
PBR Plot Bottom Right, 1/4 Screen 4-4.13 4-13 4-28
PFS Print Full Screen 4-413 4-13 4.28
PGR Print Graph 4-413 4-13 4-28
PGT Piot Graticule 4-413 4-13 4-28
PHA Phase Display Format 4-4.7 4-7 4-19
PLD Plot Data Area Only 4-4.13 4-13 4-28
PFL Full Size Plot 4-4.13 4-13 4-28
PLG Polar Log Display Format 4-4.7 4-7 4-19
PLH Plot Header 4-413 4-13 4-28
PLM Plot Markers and Limits 4-4.13 4-13 4-28
PLR Polar Linear Display Format 4-4.7 4-7 4-19
PLS Plot Entire Screen 4-413 4-13 4-28
PLT Plot Trace(s) 4-4.13 4-13 4-28
PMK Print Marker Data Only 4-413 4-13 4-28
PMN Plot Menu 4-413 4-13 4-28
PMT Print Marker And Tabular Data 4-4.13 4-13 4-28
PSC Picosacond 4-45 4-5 4-16
PST Stop Print /Plot 4-4.13 4-13 4-28
PTO-PT9 Set Print Tabular Data Density 4-413 4-13 4-28
PTB Print Tabular Data Only 4-413 4-13 4-28
PTL Plot Top left, 1/4 Size 4-413 4-13 4-28
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Table 4-3 . An Alphabetical List of Command Codes (8 of 9)

Command

Code Description Para. Table Page
PTR Plot Top Right, 1/4 Size 4-4.13 4-13 4-28
PWR (value) Set Power Level 4-4.6 4-6 417
RC1-RC4 Recall Front Panel Setup From Internal Memory , 4-4.10 4-10 4-23

Numbars 1 Through 4

RCK (filaname) Recall Normalization Data From Disk 4-4.9 4-9 4-22
RDA Autoadjust Reference Delay 4-49 4-9 4-22
RDD (value) Reference Delay (Value in Distance) 4-4.9 4-9 4-22
RDT (value) Reference Delay (Value in Time) 4-4.9 4-9 4-22
REF Set Relerence Line of Display on Active Channel 4-4.7 4-7 4-19
REL Real Display Format 447 4-7 4-19
REU Real Units 4-45 4-5 4-16
RIM Real and Imaginary Display Format 4-47 4-7 4-19
RLD (filename) Reload Cal Data And Front Panel Setup From Disk * ‘ *
RST Reaset 360 To Default Parameters 4-4.14 4-14 4-30
RTB (filename) Recall Tabular Data From Disk 4-413 4-13 4-28
RTL Return to Local 4-4.14 a4-14 4-30
S11 Measure S 11 On Active Channal 446 4-6 4-17
S12 Measure S 12 0n Active Channel 4-46 4-6 4-17
521 Measure S 21 On Active Channel 446 4-6 4-17
S22 Measure S 22 0On Active Channel 4-4.6 4-6 417
SA1 (value) Set Source Attenuator, Port 1 446 46 4-17
SA2 (value) Set Source Attenuator, Port 2 4-4.6 4-6 417
SCL (value) Set Resolution (scale) of Display 447 4.7 4-19
SDK (filename) Store Data on Disk 4-4.10 4-10 4-23
SLD Sliding Load * ' -
SMC (value) Compressed Smith Chart (dB) 447 47 4-19
SME (value) Expanded Smith Chart (10, 20, or 30 dB}) 4-4.7 4-7 4-19
SMI Smith Chart 4-4.7 4-7 4-19
SOF Smoothing Off 4-48 4-8 4-22
SON (value) Smoothing On and Set to Value 4-4.8 4-8 4-22
SPD (value) Set Plotter Pen Speed Percentage 4-4.13 4-13 4-28
5Q0 Disable SRQ ‘ ' ‘
s Enable SRQ y : *
SRT (value} Stant Frequency, Distance, Or Time Value 4-4.6 4-6 4-17
STD Store Active Channel Data Trace to Memory 4-4.10 4-10 4-23
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Table 4-8 . An Alphabetieal List of Command Codes (9 of 8)

Corrmnand Description Para. ‘Table Page
Code
STO ffilename) Store Cal Data And Front Panel Setup On Disk * * *
STP {value} Stop Frequency, Distance Or Time Vaiue 4-4.6 4-10 4-23
&V1 - 5V4 Save Front Panel Setup 10 internal Memory * ' *
Numbears 1 Through 4

SWP Select Continuous Sweap Mode 4-4.5 4-10 423
SWR Select SWR Display Format 4-47 4-7 4-15
TAZ {value} Set Test Attenuator, Port 2 4-48 4.6 417
T8P Time Bandpass Mode * * *
TCD Take Cal Data . * *
TGC Tims Domain {Harmonic) Cal * * *
TDD {filename) Tabular Data 1o Disk 4-4,13 413 4-28
TP Time Lowpass Mode . v .
TPI Time Phasor Impulse Mode * * *
TRS Trigger / Restart Sweap 4-4.6 4-8 417
187 Self Test 4-4.14 4-14 430
Usc Microsscond 445 4-5 4-18
WFS Wait Full Sweep 446 48 417
Wwie Window Shaps Low Sidelobe * * *
WMS Window Shaps Min Sidelobe * * *
WHNM Window Shapse Nominal * . *
WRT Winow Shape Rectangular . g *
XM3 Unitless Terminator X 107 445 45 418
XX1 Unitless Terminator 4-45 4-5 4-16
XX3 Unitless Terminator X 10° 4-45 4.5 4-16
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COMMAND CODES, DESCRIPTION

4-48 Command Codes: Meaurement Control

The command codes listed in Table 4-6 control the
parameter being measured on the active channel
(511,521,522 & S12) and the basic measurement setup.
All command codes except Si1, S21, S22, and Si2 are
global, that is, they apply to the entire instrument.
The SA1, SA2, and TA2 command codes can only be

used with the Models 3630 and 3621 Test Sets with
attenuators. Note that the two source attenuators
have ranges of 0 to 70 dB while the test attenuator
has a range of 0 to 40 dB. The HLD code holds the
sweep at the current point and the CTN code con-
tinues sweeping from the current point. The TRS
command code either restarts the sweep (continuous
sweep mode) or triggers a single sweep (in hold

Table 4-8. Measurement Control Command Codes

COMMAND

CODE DESCRIPTION VALUES TERMINATORS

S11 Selects S11 as S-Parameter On Active Channel N/A N/A

521 Selects S21 as S-Parameter On Active Channel N/A N/A

s822 Selects S22 as S-Parameter On Active Channel N/A N/A

§12 Selects S12 as S-Parameter On Active Channel N/A N/A

SRT Sets Start Frequency Depends On Fraquency GHZ MHZ KHZ
Range Of Instrumant

STP Sets Stop Frequency Depends On Frequency GHZ MHZ,KHZ
Range Of Instrument

CWF Sets CW Frequency Depends On Frequency GHZ MHZ,KHZ
Range Of Instrument

PWR Sets Source Power Deapends On Power DBM,XX1,XX3,XM3
Range Of Source

FHI Sets Data Points To Maximum N/A N/A

FME Sets Data Points To Normal N/A N/A

FLO Sets Data Points To Minimum N/A N/A

SA1 Sets Source Attenuator For Port 1 0dB to 70 dB DBL,DBM,XX1,XX3,XM3

SA2 Sels Source Attenuator For Port 2 0dB to 70 dB DBL,DBM,XX1,XX3,XM3

TA2 Sets Test Attenuator For Port 2 0dBto 40 dB DBL,DBM,XX1,XX3,XM3

HLD Holds Sweep At Current Point N/A N/A

CTN Continue Sweep After Hold N/A N/A

TRS Triggers or Reslarts a Sweep N/A N/A

WFS Wait full sweep N/A N/A

SWP Selects Continuous Sweep Mode N/A N/A
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made), The WFS code causes the 360 to wait a full
sweep s0 that any data on the display is valid. This
is useful for scaling the display. It is required when
outputting data from the 360, so as to ensure that the
data being cutput is valid (see Section V, paragraph
§-5.3, Command Codes: Data Transfer). The SWP
code puts the 360 into continuous swept mode.

4-4,7 Conmmand Codes: Display

The command codes listed in Table 4-7 are for setting
up the graph type on the active channel, Most of the
commands are straightforward with the exception of
the SME, ISE, SMC and ISC codes. Both SME and
ISE require values and only allow values of 10, 20,
and 30.

Example: "SME 20 DBL" This code selects a 20 dB
expanded smith chart on the active channel.

Command Codes SMC and ISC also require values
and only allow the value 3.

Ezample: "8MC 3 pBL" This code selects a 3dB com-
pressed smith chart on the active channel

In addition to the brief description in Table 4-7, codes
SCIL and REF require additicnal description as
provided in sub-paragraphs a and b, below.

a. SCL Command Code
The SCL code sets the scaling per division of the
graph on the active channel. Notice that for graph
types with two types of information, the unitless

4-18

terminators always apply to the first type of in-
formation.

Example: "MPH SCL 10 xw1* This code will
select a log magnitude and phase display on the
active channel and set the magnitude scaling to
10 dB/div. The only way to scale the degrees part
of the graph ia by explicit use of the DEG
terminator:

Example:"MPH SCL 45 DEG" This code selects
& log magnitude and phase display on the active
channel and sets the phase scaling to
45 degrees/div.

NOTE
Smith charts and inverted Smith charts can
not be scaled using the SCL instruction —
the different charts are selected using the
SME, ISE, SMC, and ISC mnemonics.

. REF Command Code

The REF mnemonic selects which graticule line
will be considered the “reference.” Notice that for
graphs with one type of information—such as
MAG or PHA—the allowsble reference line
values are 0 to 8, while for praphs with two types
of information the reference line value can only
be 0 to 4. As described for the SCL code, for graphs
having two types of information present, the unit-
less terminators apply to the first type of infor-
mation. There is no reference line defined for
Smith charts, inverted Smith charts, linear polar,
or log polar displays.
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Table 4-7, Display Control Command Codes (1 of 3)

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
MAG Selecis Log Magniiuds Display for Active N/A N/A
Channel
PHA Sslacis Phass Display for Active Channel N/A N/A
MPH Selacts Log Magnitude and Phase Digplay for N7A N/A
Active Channel
SMI Selects Normal Smith Chart Display for Aciive N/A N/A
Channel
SWR Selects SWR Display for Active Channal N/A N/A
iISM Selects Invertad Normal Smith Chart Display for N/A N/A
Active Channal
DLA Selects Group Delay Display for Active Channel N/A N/A
PLR Salects Linear Polar Display for Active Channel N7A N/A
PLG Selects Loy Polar Display for Active Charinel N/A N/A
LIN Selects Linsar Magnitude Display for Active N/A N/A
Channel
LPH Selecis Linear Magnitude and Phase Display for N/A N/A
Active Channsl
REL Selects Real Display for Active Channel N/A N/A
MG Sslects Imaginary Display for Active Channel N/A N/A
RiM Selects Real And Imaginary Display for Active N/A N/A
Channal
SME Selects Expanded Srith Chart Display for 10, 20, 3¢ DBL, XXt
Active Channael
ISE Selects Inverted Expanded Smith Chart Display 10, 20, 30 0BL,XX1
for Active Channel
SMC Selacts Compressed Smith Ghart Display for 3 DBL, X1
Active Channel
I5C Sslacts Inveried Compressed Smith Chart 3 DBL X1
Display for Active Channel
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Table 4.7, Display Control Command Codes (2 of 3}

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
5CL Sets Scaling Of Display On Agtive Channel Depends on Graph Depends on Graph
Type: Type:
Log Mag and Log Polar: 0.001 to 50 diB/div DBL,XX1,XX3,XM3
Phase: 0.01 to 90 degreesidiv DEG (,XX1,X%3 XM3
for PHA digplay)
Group Delay: 1 femtasacond/div 1o
900 999 s/div PSCNSCUSC
Linear Mag & Linear Polar: 1 nanounit/div to
999.995 units/div XX1,XX3,XM3
Reaal: 1 nanounit/div to
558,959 units/div REU, XX 1,XX3,XM3
Imag: 1 nanounit/div 1o BAL [ XX1,XX3, X3
999,999 units/div for IMG display)
Smithdnverted Smith; N/A N/A
OFF Set Offset of Display on Active Channel Depends On Graph Type: Depends On Graph
Typs:
{ This code movas the graph's reference
pasition 1o the offset value)
L.og Mag & Log Polar: —899,99¢ to 999,999 dB DBLXX1,XX3,XM3
Phase: ~180 10180 dagrees DEG (XX1,XX3, XM3
for PHA display)
Group Dalay: ~999.999 to 995.999 s PSCNBCUSC
Linear Mag & Linear Polar: 0 1o 999,999 units XX1,XX3,XM3
Feal: ~399. 999 10 999.999 units REU,XX1,XX3,XM3
Imaginary -999.999 to 595.599 units MU (XX, XX3, XM3
for IMG display)
Smith/inverted Smith; N/A N/A
REF Sat Reference Line of Display an Active Depends on Graph Type: Dapends on Gragh Type:
Channel
Log Magnitude, MAG Display: Otc 8 DBL,XX1,XX3,XM3
Log Magnitude, MPH Display: Otod DBL,XX1,XX3,XM3
Phase, PHA Display: * 0108 DEG, XX1,XX3,XM3
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Table 4-7. Digplay Control Command Codes (3 of 3)

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
REF(cont) Phase, MPH Digplay: 0to 4 DEG
Group Dalay: BGE: PSC NSG UBC XX,
XX3,XM3
Linsar Magnitude, LIN Display: 08 XX1,XX3, X3
Linear Magnitude, LPH Display: 0tod XX1,XX5,XM3
Real, REL Display: S8 REU,XX1 X3, XM3
Real, RIM Display: Dto4 REU XX1,XX3 XM3
Imaginary, IMG Display: S e IMUL XX 1, X X3, XM3
Imaginary, RIM Display: o4 MU
SmithAnvertad Smith: N/A N/A
Linear Polar/ Log Polar: N/A N/A
ASC Autascale Display On Active Channel N/A N/A
APR Set Group Delay Aperiure Percentage Uto 20 XX1,XX3,XM3
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448 Command Codes: Enhancement averaging number is 4095 and that the maximum

The command codes listed in Table 4-8 control the smoothing number is 20%.
data enhancement functions of IF bandwidth,
averaging, and smoothing, Note that the maximum

Table 4-8. Enhancement Command Codes

COMMAND

CODE DESCRIPTION VALUES TERMINATORS
IFN Selects Normal IF Bandwidth N/A N/A

IFR Selects Reduced IF Bandwidth N/A N/A

IFM Selects Minimum IF Bandwidth N/A N/A

AVG Turns On Averaging and Sels to Value 1 to 4095 XX1,XX3,XM3

AOF Turns Off Averaging N/A N/A

SON Turns On Smoothing and Sets o Value 0t 20 XX1,XX3,XM3

$OF Turns Off Srmoothing N/A RA

4-49 Command Codes: Reference Delay RDD, RDT, and RDA change the active channel’s

reference delay while DIA, DIT, DIP, DIM, and DIE
c¢hange the system’s dielecirie constant—a global
change. The code RDA should only be used if a valid
sweep is present.

The command codes listed in Table 4-3 are used to set
up the reference delay applied to a channel and the
relative dielectric constant of the system, Note that

Table 4-8. Reforence Delay Command Codes

COMMARND

CODE DESCRIPTION VALUES TERMINATORS

RBRDD Sets Reterance Delay As a Distance Valus for -3949.999 c 999,999 m MMT.CMTMTR
the Active Channel

RBDY Seots Reference Delay As a Time Value for the —999,999 (0 989.999 us PSCNSC.USC
Active Channst

RDA Selects Auiomatic Referance Delay for the N/A N/A
Active Channal

Dla Selects Air Dielectric (1.00) NiA N/A

DIT Selects Teflon Dislactric (2.10) N/A N/A

DIP Selects Polysthylens Dislecttic {2.26) N/A N/A

DIM Selacts Microporous Teflon Dielectric (1.89) ‘ N/A N/A

DIE Sets Dislectric to Value 1 to 868,289 XX, XX3.XM3
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COMMAND CODES, DESCRIPTION

4-410 Command Codes: Trace Memory

The command codes listed in Table 4-10 control the
trace memory function on the active channel and the
trace math to be applied to it. These codes also
provide for storing and retrieving the active channel’s
trace memory to and from the disk.

In order to view a display that involves trace memory
(MEM, DTM and DNM) or to store trace memaory to
digk, the data for the channel must have been stored
to memory first using the STD code.

Example: "WFS 87D DIV DNMY

—

This code causes the 360 to

* Wait a full sweep until data is valid (WFS).

# Siore data to memory (STD),

® Select complex division as the trace math (DIV),

¢ Display the data normalized to memory using this
trace math (DNM).

Descriptions of the SDX and RCK mnemonics are
ecovered in Section V, paragreph 5-5.5, Command
Codes: Digk Functions.

Table 4-10. Trace Memory Command Codes

COMMAND

CODE DESCRIPTION

DAT Displays Data Trace on Active Channsl

MEM Displays Memory Trace on Active Channel

DTM Displays Data and Memory Traces on Active Channsl

DNM Displays Measured Data Normalized 1o Memory on Active Channael
MIN Salects Complex Subtraction As Trace Math on Active Channsl
Div Selects Complex Division As Trace Math on Active Channel

ADD Selacts Complax Addition As Trace Math on Aclive Channel

MUL Selects Complax Multiplication As Trace Math on Active Channel
S0 Stores Active Channel’'s Data Trace 1o Memory

SDK Stores Active Channei's Trace Mamory to Disk Under Tha Specified File Name
RCK Retrigvas Active Channel's Trave Memory From Disk File Specified

360 OM

4-23




COMMAND CODES, DESCRIPTION

IV GPIB OPERATION—BASIC COMMANDS

4-4.11 Command Codes : Markers

The command codes listed in Table 4-11 control the
location and display of the markers and the functions
related to the markers, The MKE1 — MKS6 codes are
used to set a marker to a desired frequency, time or
distance. The terminator mnemonics used must
match the active channel's domain (frequency, time,
or distance}l~Qtherwise, an action-not-possible error
will result.

Example: "ME1 1.0000 NSC" on a frequency
domain channel generates an action-not-possible
error.

Markers can be individually turned off using the
MQO1 - MO8 codes or markers can be disabled using
the MOF code. A marker is turned on whenever any
of the following conditiona occur:
& When the marker is set to a value, for example:
*"MK2 4.58632 GHEY.
® When the marker is selected for readout, for
example:
nm "

4-24

s When the marker is selected as the delta reference
marker, for example : "pDR2"

The MMN and MMX codes move the active marker
to the minimum and maximum trace values on the
active channel, respectively. There must be an active
marker selected for these mnemonics to execute. The
M1S-M6S, M1E —~MSE and M1{ - M86C mnemonics
are used to define a marker sweep using the specified
marker for either the start, stop, or CW frequency.

Example: "WFS MR1 MM M18"

This code sequence causes the 360 to

® Wait for a full aweep of data to be present (WFS).

# Turn on marker 1 and select it for readont (MRE1).

» Move marker 1 {0 the maximum value of the trace
on the active channel (MMX),

® Set the start frequency equal to the marker
frequency (M15).
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Table 4-11. Marker Command Cades

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
MK1 -~ MKS& Turns On Marker 1 - 6 and Sets Them to Value
As Shown Balow:
Frequancy Markers Limited to Current GHZ, MHZ, KHZ
Sweep Range
Time Markers: Lim#ed 1o Current PSC, NSG, USC
Zoom Range
Distance Markers: Limited to Current MMT.CMTMTH
Zoom Range
MOF Disables Markers N/A N/A
MON Enables Markers N/A N/A
MO - MOS8 Turns Off Marker 1 - B N/A N/A
DR1 - DRBG Yurns On Marker 1 — 8 As Delta Relerence N/A NfA
Marker
DRF Tums On Delta Reference Marker Mode N/& N/A
DRO Turmns O Delta Reference Marker Mode N/A N/A
MR1 - MR8 Selects Marker 1- 6 As Readout Marker N/A N/A
MMX Moves Active Marker to Maximum Trace Value N/A N/A
MMN Movas Aclive Marker to Minimum Trace Value N/A NiA
M15 - MBS Marker Sweep With Marker 1 — 6 As Stant N/A N/A
Frequency
MI1E ~ MBE Marker Sweep With Marker 1 ~ 6 As Stop N/A N/A
Frequency
MI1C —~ MBGC CW Marker Swoep With Marker 1 - 6 As CW N/A N/A
Froequency
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4-412 Command Codes: Limita

The command codes listed in Table 4-12 are used to
(1) set up the upper and lower limit values on the ac-
tive channel and (2) set the limit delta for the limit
frequency readout function. The range of values and
allowable terminator mnemonics are dependent on
the graph type of the active channel much like the
SCL, and REF codes described in paragraph 4-4.7.
As described for these codes, for graphs with two
types of information present, the unitless ter-
minators apply to the first type of information. The
second type of limit line value is accessed by explicit
use of the appropriate data terminator mnemonic.
Examples:

1. "LUP 20 ¥X1® on a log mapnitnde and phase
display: sets the upper limit on the magnitude dis-
play to 20 dB.

2.*LUP 45 DEG" mustbe used to set the upper limit
on the phase graph.

Table 4-12, Limits Command Codes

COMMAND

CODE DESCRIPTION VALUES TERMINATORS

Lup Turas On Limit 1 On the Active Channel and Depends On Graph Type! Dapands On Graph
sets it to valus, as Shown Below Type:

LLO Turn On Limit 2 On the Activa Channel And Depands On Graph Type: Depands On Graph
set It to Value, as Shown Balow Typa:

LFD Set Limit Delta On Aclive Channal for Limit Depends On Gragh Type: Depends On Graph
Frequency Readout, as Shown Below Type:
Log Mag & Log Polar: —999.999 to 999.999 dB DBL, XK1, XX3,XM3
Phase: —180 10180 degrees DEG (,.XX1,XX3 XM3

for PHA display)
Group Delay: ~899.99910 999,999 5 PSCNSCUSC
Linear Mag & Linear Polar; 01c 999.880 U XX1,XX3 XM3
Heal; -599.989 o 589.580U REU,XX1,XX3,XM3
Imaginary: -599.984 to 886,089V MU X1, 2003, M3
for IMG display)

Smithdnvered Smih: Oto 1.413 units XX XX3, X3

LOF Disables Limils On Active Channel N/A N/A

LON Enables Limits On Active Channsi N/A N/A

LFR Selacis Limit Fraquency Readout for Active N/A N/A
Channel

LFP Selects Phasa Limit Frequency Readout for Ac- /A N/A
tive Channel for Log Magnitudedinear
kagniude and Phase Displays
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NOTE

The LFR, LFP, and LFD mnemonic ¢odes,
which deal with limit frequency readouts,
are only available on the following graph
types: log magnitude (MAG), log mag-
nitude and phase (MPH), phase (PHA),
lirtear magnitude (LIN}, linear magnitude
and phase (LPH), standing wave ratio
{SWR), and group delay (DLA). The active
channel must be a frequency domain chan-
nel. The LFP code can be used to select
phase limit frequency readouts on log mag-
nitude and phase and linear magnitude
and phase graph types, Ifthe LFR code is
used on either of these graph types, the
magnitude limit frequency readout menu
for the channel is displayed.

4-4.13 Command Codes: Hard Copy

The command codes concerned with hard copy are
listed in Table 4-13. These commands are
straightforward with the exception of PT'0 — PT9.
These ten codes set up (1) the density of tabular data
points output to the printer for PTB and PMT and {2)
the number of data points included in the sutput file
for TDD (tabular data to disk). The number in the
PT0 ~ PTS mnemonic codes specifies the number of
points that are skipped during the print. Therefore,
PT0O selects the densest printing mode while PT9
gives the fewest number of data peints.

The command codes for plotting fall info two
categories: sefup and action. The setup codes are
those that specify the desired size and location of the
plot (PFL, PTL, PTR, PBL, PBR) and the pen num-
bers for each element of the plot (DPN, GPN, MPN,
HPN). The action mnemeonics actually initiate a plot
for the subset of the display desired (PLS, PLI, PLI,
PMN, PLM, PLH, PGT).

The LMS, LID, LDT, and LNM c¢odes require a
string of characters to be sent over the GPIB along
with the mnemonic, A string input to the 360 must
have the quote characters (" "} surrounding the
desired characters for the string and cannof exceed
the maximum number of characters specified for the
mnemonics. An example of embedding quote charac-
ters in a string sent to the 360 is shown in Figure 4.
3. This example is 1n HP 85 BASIC,

The TDD code allows for outputting tabular data
under the current print density mode (PT0 ~ PT9) to
an ASCII file, The RTB code causes the 360 to read
an ASCII file assumed to be print data and output it
to the printer,

NOTE
The maximum file size that can be hand.
led with the RTB code is 58,000 bytes.
Further description of the syntax and
aperation of the TDD and RTB codes are
covered in Section V, paragraph 3-5.5,
Command Codes: Disk Functions.

10 ! EXAMPLE ON USE OF STRINGS

20 Q$=CHRS (34)

30 M3="4 TO 8 FILTR" ! MODEL

40 IS="456788"

50 Dg="8/25/87"
60 O$="GPIB_WHIZ" ! OPERATOR
70 QUTPUT 706 “LMS"&Q$&M$&Q5
80 OUTRUT 706 "LID"&QS&IS&0$
%0 OUTPUT 706 "LDT"&QS&DS&Q$
100 QUTPUT 706 "LNM"&0S&0S$6Q8

110 END

QUOTE SYMRBOL

I.D.
DATE

Figure 4-3 An Example of Hard Copy Code Using Embedded guotes
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Tahble 4.13. Hard Copy Command Codes (1 of 2)

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
PES Prirts Full Screen NA N/A
PGR Prints Graph Area Only N/A N/A
MK Prints Tabular Marker Data N/A N/A
PTR Prints Tabular Trace Data N/A N/A
PMT Prints Tabular Markar and Trace Data N/A N/A

PT0--PT8 Selects Tabular Printout Point Density N/A N/A
PST Stops Print/Plot N/A N/A
FFD Printer Form Feed N/A N/A
PLS Plots Entire Screan N/A N/A
PLD Plots Graph Arsa N/A N/AA
PLY Picts Data Trace(s) N/A N/A
PMN Plots Menu N/A N
FLM Plots Markers and Limits N/A N/A
PLH Plots Hoader N,;'A N/A
PGT Plots Graticule N/A N/A
PFL Selects Fuli Size Plot WN/A, N/A
PTL Salacts 1/4 Size Piot, Top Left N/A N/A
PTR Sealects 1/4 Size Plot, Top Right N/A N/A
PBL Sslects 1/4 Size Phot, Bottom Left N/A N/A
PBR Salacts 1/4 Size Piet; Bottorn Right N/A N/A
DPN Sets Pen Number for Pietting Data 1108 Xx1
GPN Sets Pan Number for Plotting Graticule 108 X1
MPN Sets Pen Number for Plotling Markers and Limits 108 XX1
HPHN Sats Pan Number for Plotting Header 1o 8 xX1
LMS Labels Model and Serial Number of Device String of Characters Up N/A

To 12 Characters Long
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Table 4-18. Hard Copy Command Codes (2 of 2)

COMMAND
CODE RESCRIPTION VALUES TERMINATORS
LoT Labals Data of Tast String of Characters Up N/A
te 12 Characters Long
LID Labels Davies 1D String of Characters Up N/A
o 12 Characlers Long
LNM Labels Operator's Name String of Characters Up N/A
16 12 Characters Long
TOD Stores Tabular Data to Disk in File Specified N/A N/A
{See Fila Naming Conventions In Pamgraph
5-5.5)
RTB Recalls Tabular Data From Disk File Specified to N/A N/A
Printer
SPD Sots Plotter Pan Speed Percentags 1010100 XX1,XX3,XM3

4-4.14 Command Codes: Migcellaneous

Table 4-14 list the miscellaneous command codes.
These are codes that do not fit into any of the other
listed categories .
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Table 4-14. Misceilaneous Command Codoes

COMMARD
CODE

DEFINITION

NOTES

RST

FOF

FON

BCO

BC1

BLU

CYN

T8T

RTL

DFP

DGS

DCP

DCH

bC3

Ressts 360 1o ks Dafauli Stale

Implements Frequency Blanking

Disables Frequency Blanking

implements Display Blanking

Disables Display Bianking

Selects Blue As 3rd Color Plane Color

Selects Cyan As 3rd Color Plane Color

Fung A Self Test

Rseiurns to Local Control

Displays Global Operating Parameters
Displays GPIB Sysiem Paramsters
Displays Calibration Parameters
Displays Channel 1 and 2 Operaling

Paramaters

Displays Channel 3 and 4 Operating
Parametars

Similar to pressing the “DEFAULT PROGRAM" kay.

Instructs the 360 {0 blank any frequency infermation from
the screen and any hard copy oulput. This code is uselul
for security reasons.

Freguency blanking can be turned off using this code,

Allows for the ullimate in sacurity — a fotally blank
screen, In this mode, the 360 is fully operational over the
GPIB but nothing appears on the display.

Screen blanking is turned off using the BC1 mnemonic,

Allows selection of the third color used by the 360 for
markers, im#s, and some menu annotation.

Allows selection of the third color used by the 380 for
markers, fimits, and some menu amotation.

Instructs the 360 o perform a soff test. An errorin the
self test would be reporied in the primary status byte, bit
7 {see paragraph 5-5.7}.

Performs the same function as the control panel
RETURK TG LOCAL key. This cods has no eflect f the
360 is in local tockout.

Displays Global Operating Parameters in the dala area
of the screen,

Displays GPIB System Parameters in the data area of
the scraen,

Displays Calibration Parameters in the data arsa of the
sCreen,

Displays Channels 1 and 2 Operating Parameters in the
data area of the screen.

Displays Channels 1 and 2 Operating Parameters inthe
data area of the screen.
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4-5 BUS MESSAGES, 360 RESPONSE TO

Table 4-15 provides a list of IEEE-488 bus messages
and deseribes how the 360 responds to each.

Table 4-15. 360 Reuponse to IEEE—488 Bua Mesaages

COMMAND
CODE DEFIMNITION NOTES
0000000000000 000000
DEL, Davice Clear Resats the 360 to its default state. Equivalent to the RST
sDC Selectad Device Clear command.
GTL Go to local Returns the 360 to local {control panel) control,
GET Group Execute Trigger Exscutes a string of commands defined by the DEF ...
END mnemonics.
NOTE
The GET command is buffered and executed in-line
with other commands.
IFC interface Clear Stops the 360 GPIB from takinglistening.
LLO Locat Lockout Disablas the control panel RETURN TO LOCAL key,
HEN Remate Enable Places the 360 in remote when addressed to listen,
SPE Serial Poll Enable Outputs the binary status byte.
SFD Serial Poll Disable Disablas the serial poll function,
PPC Parale! Polt Configure Sets the assignad bus line to reflect s SRQ status,
FPE Parallel Poll Enable Enables the 3560 for parailel poll operation.
PPU Parallsl Poll Unconfigure Cancels any previous parallel poll configurations,
PPD Parallel Poll Disabls Disablas the paraliel polling function.
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SECTION V
GPIB OPERATION —
ADVANCED PROGRAMMING

5-1 INTRODUCTION

This section describes the more complex GPIB fune-
tions available on the 360. The topics covered in this
section are:

¢ Calibration

& Save/Receall

« Data Transfer

& Group Execute Trigger
# Disk Funetions

® Time Domain

® Status Byte Handling

This section assumes the reader is familiar with the
material covered in Section IV.

5-2 ADVANCED COMMAND CODES:
DESCRIPTIONS

The following tasbles and paragraphs describe the
functions and usage of the advanced GFIB command
codes. They also provide programming examples,

5-2.1 Advanced Command Codes:
Calibration

Table 5-1 lists the calibration command codes. They
are used to:

& Specify the calibration method desired.
® Specify the type of calibration desired.

& Specify the calibration standards used for the
calibration.

® Specify the transmission line type and its
characteristics used.

¢ Control the calibration data-taking process.

In addition to the brief descriptions of the calibration
codes given in Table 5-1, the following paragraphs
provide a more detailed description of many of the
calibration codes.

360 OM
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Specify Normal 561 Point Calibration
(NOC)

This code sets up a normel frequency range
calibration.

Enter Start Frequency for Normal
Calibration (SRT)

This code sets the lower limit of the range of fre-
quencies used for the calibration process.

Enter Stop Frequency for Normual
Calibration {(STP)

This code sets the upper limit of the range of fre-
guencies used for the calibration process.

Specify Discrete Frequency Calibration
(DFC)

This code sets up a calibration at discrete fre-
quencies only.

1. Only the points entered using the DFQ, IFV,
FRS, FRI, FRP. or FIL codes are used in
calibration (2 < number of points < 501).

2. The IFV code allows for a frequency hist input
of calibration frequencies, Refer to paragraph
5-2.4, Advanced Command Codes: Data
Transfer for more details.

Specify CW Calibration (CWC)
This code sets up a coniinuous wave (CW)
calibration.

Enter CW Freguency for Calibration (CWF)
Thiz code is used to enter the frequency employed
in the CW calibration.

Set up to Specify Port One Calibration
Standards (PIC)

This code specifies port one as the port that the
subsequent connector-related codes apply to,

Set up to Specify Port Two Standards (P2C)
This code specifies port two as the port that the
subsequent connector-related codes apply to.
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Example:
"PlC CFK P2C CMR"

This sequence of codes sets up & female K connee-
tor for port 1 (P1C CFK) and a male X connector
for port 2 (P2C CMI).

P p—

i

J-

Other Connector Specification (CND)

This code allows a non-standard connector to be
specified. This is the same as selecting OTHER
from the control panel menu. When specifying
the CND code, the connector offset for the open
and/or short device and the capacitanee cooffi-
cients for the open device are entered to charac-
terize the connector.

Specify Sliding Load for Calibration (SLD)

This code specifies a sliding load. If specifying
the SLD code, the data-taking process for the load
includes six slide positions. If any frequencies are
below 2 GHz, you must use a broadband lead.

Table 5-1. Calibration Command Codes {1 of 3}

COMMAND

CODE DESCRIPTION VALUES TERMINATORS

RPC Repeat Previous Calibration N/A N/A

LTC Spaecily Goaxial Line Type N/A N/A

LTU Spacity Microstrip Line Type N/A N/A

LTW Specily Waveguide Line Type N/A N/A

SCM Specify Standard Calibration Method N/A NA

OCM Spacify Offset Short Calibration Method N/A N/A

L.CM Specity LRL Calibration Method N/A N/A

c12 Begin 12-term Calibration N/A N/A

caT Begin 8-term (1 Port) Calibration N/A /A

CRF Begin Reflection Only {1 Por Calibration N/A N/A

CFR Begin Frequency Response Calibration N/A N/A

CFT Begin Transmission Only Frequency Respansse N/A N7A
Calibration

CRL Begin Reflection Only Frequency Response N/A /A
Calibration

NOC Specity Normal $01-point Calibration N/A N/A

DFC Spacily Discrate Frequeoncy Callbration N/A N/A

CWGC Speclly CW Calibration N/A N/A

ToC Specify Time Domain Harmenic Galibration N/A N/A

SRT Entar Stant Frequency for Normal or Harmonic Depands on Fraquancy GHZ MHZ KHZ
Calibration Range of Instrument

S8TP Enter 8iop Fraguency for Narmal or Harmonic Dapends on Frequency GHZ MHZ . KHZ
Calitsration Range of instrument

DFQ Enter Discreta Frequancy for Calibration Depends on Frequoncy GHZ MHZ KHZ

Range of instrument
CWF Enter CW Fraquency for Calibration Depends on Frequancy GHZ MHZ KHZ
Range of Instrument
64 360 OM
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e —————————
P40 USRS

Table §-1. Calibration Commaeand Codes {2 of 3}

COMMAND
CODE DESCRIPTION VALUES TEHMINATORS
FRS Enter Fill Range Stant Frequency Dapends on Frequency GHZ MHZ KHZ
Hangs of Instrumeant
FRI Enter Fill Range Frequency Increment Depends on Frequancy GHZ MHZ KHZ
Rangs of instrument
FRP Enter Fill Range Number of Points 1to {501 - Current XX1, XX3, XM3
Number of Points)
IFV Input Frequency List for Calibeation List of Fraguencies in N/A
Current Data Format
FiL Fill Frequency Range Defined by FRS, FR|, N/A N/A
and FRP
DFD Discrele Frequency Entry Dona N/A N/A
WCo Enter Wavaguide Cutoff Fraguency 0 - Currant Stan GHZ, MHZ, KHZ
Frequency
VoW Enter Microstrip Width 000t mm~1.0m MMT, CMT, MTR
SBT Enter Microstrip Substrate Thickness 0.001 mm~-1.0m MMT, CMT, MTR
580D Enter Microstrip Substrate Relative Dislectric 1.0~ 9999.99 XX1, XX3, XM3
Constant
USE Enter Microstrip Effactive Ralative Dislectric 1.0 - 8899.98 X1, XX3, XN3
P Congtant
LsZ Enter Microstrip Characteristic impedance 1.0~ 9999.99 XX1, XX3, XM3
PiC Set Up to Specify Port 1 Calibration Standards N/A N/A
P2C Set Up 1o Specify Port 2 Callbration Standards N/A N/A
CMS Male SMA Connactor for Specified Port N/A N/A
CFS Fomale SMA Connector for Specified Port N/A N/A
CMK Mals K ™ Cannector for Specified Port N/A N/A
CFK Female K Connector for Specified Port N/A N/A
CMN Male Type N Connector for Specified Port N/A N/A
CFN Famale Type N Connecior for Spacified Port N/A N/A
CM3 Male GPC-3.5 Connector for Specified Port MN/A N/A
CF3 Fomale GPC-3.5 Connactor for Specified Port N/A N/A
CNG GPC-7 Connector for Spacified Port N/A N/A
CND Qthar Connector Specification N/A N/A
Cco0 Connactor Offset for Opan Device —599.99% m 10 999.999 m MMT, CMT, MTR
cos Connector Offset for Short Device 899969 m to 999,999 m MMT, CMT, MTR
CCo Capacitance Gosfficient for Open Dovice, —896.959 to 999,999 XX
Implied X 10 E-15
CC Capacitance Coefficient for Open Device, ~£99,999 to 999.999 XX1
- Implisd X 10 E-27
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Table 5-1. Calibration Command Codes (3 of 3}

COMMAND
CODE DESCRIPTION VALUES TERMINATCRS
o2 Capacitance Coefficiant for Open Device, —094.99% to 9989.999 XX1
Implisd X 10 E-36
CC3 Capacitance Cosfiicient for Opsn Devics, —989.999 to 999,590 XX1
implied X 10 E-45
BBL Specily Broadband Load for Calibration N/A N/A
SLD Spacify Sliding Load for Calibration N/A N/A
BEG Begin Calibration Data Collection Steps N/A N/A
TCD Take Calibration Data for Current Standard N/A N/A
NCS Go on to Next Calibration Step N/A N/A
KEC Keap Existing Calibration NiA N/A
COF Turn Any Vector Error Correction Off N/A WA
CON Turn Vactor Error Cotraction On i Available N/A N/A
Atz Simulate 12-term Calibration N/A N/A
ABT Simulate 84term (1 Port) Calibration N/A N/A
ARF Simulata Reflection Only (1 Port) Calibration N/A N/A,
AFR Simulate Frequency Response Callbralion N/A NA
AFT Simutate Transmission Only Frequancy N/A N/A
Responsa Calibration
ARL Simulate Reflection Only Freguency Response N/A N/A
Calibration

5-2.2 Advanced Command Codes:
Calibration Setup and Examples

To completely specify a calibration setup, a specific
order for the mnemonic codes must be followed. Table
5-2 illustrates the acceptable order.

Example:

" SCM LIC C12 KROC SRT 0.5 GHZ STP 18 GH2Z
P1C CMK P2C CMK BRL BEG"

The previous example code sets up a standard
calibration (SCM), using coax cable (LTC), 12-term
calibration {(C12), using the normal 501 point calibra-
tion mode (NOC), from 0.5 GHz (SRT 0.5 GHZ) to

18 GHz (STP 18 GHZ), using male K.connectors on

both ports (P1( PMK P2C CMK), and a broadband
load (BBL). The BEG code instructs the 360 to begin
the calibration-data-taking-process.

After entering the data-collection portion of the
calibration process, the only valid command codes
are:

# Take Calibration Data for Current Standard
TCD)
® (o on to the Next Calibration Step (NCS)

¢ Averaging On and Set to Value (AV()

® Averaging Off (AOF)

® Set IF Bandwith to Normal (IFN)

» Set IF Bandwith to Reduced (IFR)

¢ Set IF Bandwith to Minimom (IFM)

& Any Graph Type Specification or Scaling Change

‘& Active Channel Specification (CH1-CH4)
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The TCD and NCS codes control the data-taking
process, AVG, AQF, IFN, IFR, and IFM codes control
the data-enhancement used for a particular
measurement {refer to Section 1V, paragraph 4-4.8).

In order to use the TCD and NCS codes, you must be
aware of the exact calibration sequence the 360 uses
for a given calibration. As an example, if we were to
continue the 12-term calibration from 0.5 to 18 GHz
set up in the previous example, the program segment
listed in Figure 5-1 would control the rest of the
calibration process. The example is in HP-85 BASIC.

The controller should determine if the 360 is ready
for the next step of the calibration sequence before
prompiing the user to connect new calibration stand-
ards to the test ports. This can be done by monitoring
the status of the 380 or by requesting “dummy” data
output from the 360 after executing the NCS
mnemenic code. For example:

260 OUTRUT T706:"ICD NS ONP™

276 EXKTER 706: NS
STER IS COMPLETE

I READ #POINTS WHEN

280 DISE “CALIBRATION SIEP COMRLETE™

The previous example code instructs the 360 to take
calibration data (TCD), go to the next calibration step
(NCS), and output the number of points it is measur-
ing {ONP). When the controller iy shle to read the
points string from the 360, the calibration processis
complete,

The CON and COF codes are not used during calibra-
tion. They are used during normal measurements to
apply the current calibration {(CON) or to turn off any
applied calibration (COF).

The Al12, ABT, ARF, AFR, AFT, and ARL codes simu-
late the completion of 8 calibration. When used in this
manner, mnemonic codes associated with calibration
coefficients {IC1 - 1C9, ICA - ICC, OC1 - QC9, OCA
— GCC) are matched with the corresponding error
terms. For additional information, refer to Table 5-6
on page 5-12.

NOTE

The A12, ABT, ARF, AFR, AFT, and ARL
codes match up with corresponding
calibration type mnemonics, These are
typically used for advanced applications
that input calibration coefficients into the
360 (refer to paragraph 5-2.4, Advanced
Command Codes: Data Transfer}.

Table 5-2. Calibration Code Ovrdering

Cormand Code Raqulred (R)
Order ftem Examples or Optlonal {0}
1 Line Type LTC, LTW, LTV 4]
2 Calibration Method SCM, OCM, LCM (o]
3 Calibration Type €12, CBT, CRF, CFR, CFT, CRL R
4 Data Points NOC, DFG, TDC, CWC O
5 Frequency
Range SRT, 8TP O
Discrete DFQ,IFY, FRS, FRL, FRP, FiL R
CwW CwF 0
& Connector Type /Offset P1C, P2C, CMS, CFS, CMK, CFK, O
Short Values CMN, CFN, CM3, CF3, CNG, CND,
CO0, COSB, CCo, GG, CC2, CC3,
SHL, SH2
7 Load Type . SLD, BBL o}
8 Begin Data Collection Steps BEG R
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10 ! 1ST STEP - BROADBAND LOADS ON BOTH PORTS
20 DISP ™CONNECT LOADS TO BOTH PORTS"

30 DISP "HIT END LINE WHEN READY™

40 INPUT N3

50 ! N$ JUST A "DUMMY" - WAILT FOR USER

60 ! TAKE LOAD MEASUREMENT USING 100 AVERAGES
7C QUTPUT 706;"AVG 100 XX1 TCD Ncs®

80 ! 2ND STEP - PORT 1: OPEN, PORT 2: SHORT
90 DISP "CONNECT OPEN TO PORT 1"

100 DISP "CONNECT SHORT TO PORT 2%

110 DISP "HIT END LINE WHEN READY"

120 INPUT N3

130 !TAKE OPEN/SHORT MEASUREMENT WITH 20 AVERAGES
140 OQUTPUT 706;“AVG 20 XX1 TCD NCS"

150 !3RD STEP - PORT 1: SHORT, PORT 2: OPEN
160 DISP "CONNECT SHORT TO PORT 1T

170 DISP "CONNECT OPEN TQ PORT 2"

180 DISP "HIT END LINE WHEN READY"

190 INPUT N$

200 QUTPUT 706;"TCD NCS™

210 ! 4TH STEP - THROUGH LINE

220 DISP "CONNECT THROUGH LINE"

230 DISP "BETWEEN PORTS™

240 DISP "HIT END LINE WHEN READY"

250 INPUT N$

260 OUTPUT 706;"™TCD NCS"®

270 ! CALIBRATION COMPLETE - SAVE TO DISK !!!

f“igure 5-1. A Program for Controlling the Calibration Data Collection
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5-2.3 Advanced Command Codes:
Save/Recsll

The Save/Recall command codes (Table 5-3) allow for
saving and recalling (1) front panel setup data to and
from internal memory and (2) calibration and frent
panel setup data to and from the disk, The syntax for
entering a file name string to the 360 is the same as
for the strings in the LMS, LID, LDT and LNM codes
described in Section 1V, paragraph 4-4.12.

The double quote characters must enclose the string
sent to the 360, The 360 accepts only ME-DOS com-
patible file name characters. Refer to paragraph
5-5.5 Disk Functions for more details on file naming
conventions.

Table 5-3. Advanced Command Codes: Save /Recall

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
STO Store calibration data and front pangl setup to String for tile nama up N/A
disk file. to 8 characters long
RLD Racall calibration data and front pansi setup String for file name up NA
frem disk tile 1o 8 characters long
SV~ 5V4 Save front panel setup to internal mamaory N/A N/A
location 1-4
RC1 - RC4 Racall front panel setup data from inlarnal N/A N/A
memory location 14

5-24 Advanced Command Codes:
Data Transfer

Table 5-4 describes the data transfer codes. The 360
transfers data in two basic formats: binary and
ASCII All ASCII data values either cutput by the 360
or expected on input must have the following form:

Slxxx’.

Where .

yyyyyyyyyyyyyyy]Eﬁzz

§ = sign, either blank or *-"

= = digits to the left of the decimal (3)

y = digits to the right of the decimal (15)
E = exponential notation indicator
8 = exponent sign, either '+ or '™~
z = digits for exponent (2)
. = decimal point
360 OM

i
1

i

Separate all ASCII transfers that involve data pairs

-—such as real and imaginary elements— by commas.
For transfers involving more than one item of
information, separate sach item by g line feed. For
example, the 360's response to the commands "FMA
oD would be:

Repeated Number of Points Times

I«?C‘Rearﬁl ASCII>,<Imaginary ASCII)<IEl EOI on
Last Byte

. Binary data transfers involving numerical values use
! 32.bit or 64-bit floating point numbers in IEEE 754
¢ format. The format of siring data, as in a front panel

setup, is not user-controllable, Binary data is always
sent in the standard block format llustrated in
Figure 5-2.

5.9
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LSB Mode:
Byte Count Byte Count Bytes
Least Most Binary Data
# A Signlficant Slgnficant Least Significant Byte
Byte Byte First for All Elaments

EOIl Colncldental With the Last Byte

Standard Preamble Bytes

MSB Mode:
Byte Count Byte Count Bytes
Most Least Binary Data
# A Slgnificant Signficant Most Signlificant Byte
Byta Byte First for All Elements

EQI Coincidental With the Last Byte

Standard Preamble Bytes

Figure 5-2. Binary Data Transfer Message Format

5-10 360 OM




V GPIB OPERATION-ADVANCED PROGRAMMING

——————— A —

T,
— — M — — M

|

Table 5-4. Data Transfer Command Codes

COMMAND

CODE DESCRIPTION DATA EQORMATS

CMt — OMB Ougput Marker 1 —~ 8 Value ASCH

OAP Output Active Parameter Valus ASCH

OKP Ouwtput Front Panel Key Pressed ASCH

oo Cutput identify String 40 byte ASCU String

ONP Output Number of Points ASGH

“FMA Select ASCH Data Format N/A

FMB Seloect 64-Bit IEEE 754 Floating Point Data Format /A

FMC Selact 32-Bit IEEE 754 Floating Point Data Format N/A

LS8 Select Least Signilicant Byte First Data Transfer Mode N/A

MSB Select Most Significant Byte First Data Transfer Mods N/A

OC1 ~ 00 Output Galibration Coefliclent 1 ~ 8 FMA, FMB, FMC

OCA - OCC QCutput Calibration Coelficient A, Bor & FMA, FMB, FMC

OGL Ourput All 12-Term Calibration Coefficients Binary String

IC1-iCe Input Calibration Cosfficient { -8 FMA, FMB, FMC

ICA-ICC Input Calibration Coefficient A, B,or G FMA, FB, FMC

iCL input Al 12-term Calibration Coefficients Binary String

OFvV Output Frequency Values FMA, FMB, FMC

IFv Input List of Frequencies FMA, FMB, FMC

081-084 Output Stored Setup 1~ 4 Binary String

OFP Gutput Current Front Panel Setup Binary String

181154 Input Stored Setup 1 -4 Binary String

IFP Input Front Panel Setup Binary String

ODR Gutput Disk Directory Binary String

oRD Output Haw (Uncorracted) Data For S-Parameter on Active FMA, FMB, FMC
Channel

GCD Qutput Corrected Data for S-Parameler on Active Channel FMA, FMB, FMC

OFD Output Final (display Format) Data For S-parameter on FMA, FMB, FMC
Active Channel

Ich Input Correcled Data For S-Parameter on Active Channel FMA, FMB, FMC

IFD input Fina! (Display Format} Data For S-Parameter on FMA, FMB, FMC
Aclive Channel

3600M 5-11




V GPIB OPERATION—ADVANCED PROGRAMMING

Table 5-8. Output Values Versus Various GraphTypes

Linear Magnitude
Linear Mag & Phase
Smith Chart
Inverted Smith
Group Delay

Log Polar

Linear Polar

Real

imaginary

Real & imaginary
SWR

Display Type Output Values
Log Magnitude dB,Degrees
Phase dB,Degrees
Log Mag & Phase dB,Degress

Lin Mag{Rho or Tau),Degrees
Lin Mag(Rho or Tau),Degrees
Ohms,Ohms (r + jx)
Siemens,Siemens (g + b}
Seconds,Degrees
dB,Degrees ‘

Lin Mag(Rho or Tau),Degrees
Real,imag

Real,imag

Real,imag

SWR, Degrees

A detailed description of each of the data transfer
codes follows:

a.

OMI - OM6

These codes output the value of the trace on the
active channel at marker 1- 6. The output is
always a pair of ASCII values and is dependent
upon the graph type used on the active channel
{See Table 5-5).

OAP

This code outputs the value of the active
parameter as a single ASCII value. If thereis no
active parameter, a value of 0 is output.

OKP

This code outputs a single ASCII value

The data-format codes (FMA, FMB and FMC) and the
byte-ordering codes (LSB and MSB) control the for-
mat of the data output or that is expected on input.
The data format codes do not affect some data trans-
fers. These codes always output ASCII data or binary
data regardless of the current data format. Refer to
Table 5-4 for more details.

The most important points to consider about data
transfer are (1) the data format to use and (2) the byte
ordering desired. When using the FMA data format,
the byte ordering selected by the LSB or MSB codes
ig irrelevant, ASCII data is not dependent on the ac-
tive byte order. However, even if the 360 is using FMA
format, some transfers (such as the 0S1 — 0S4 codes)
still use the binary transfer format affected by the
active byte ordering,

Conversely, even if you select FMB or FMC data for-
mat, some transfers will always occur in ASCII and
are unaffected by the LSB or MSB mnemonic codes.

NOTE
The byte ordering mode (LSB or MSB) also
affects the order of the two bytes making
up the byte count part of the standard
preamble as illustrated in Figure 5-2,

5-12

representing the number of the key pressed on
the front panel of the 360.

d. OID
This code outputs a 40-byte ASCII string defin-
ing the current 360 system configuration. The
format of the OID string is shown in Figure 5-3.

Number of Bytes
4 9 9 6 _6 6
xxxx | aaxxxxxx | oxxaxxxxxx | Sxax| Sxxx.x | xxx.xx
Model # Low " High Low |High Pwr S.W.
Freq. Freq. Pwr dBM Rav.
GHZ GHZ dBM
Figure 5-3, OID Response String

e. ONP
This code outputs the current number of points
being measured as a single ASCII value.

f. FMA, FMB, FMC
These codes set up the current active data trans-
fer format,When the current transfer format is
unknown, it is a good practice to precede any data
transfer mnemonics which depend on these for-
mats with the desired format code.

g. LSB, MSB

These two codes control the ordering of bytes for
floating point data transfers. They also control
the ordering of the two bytes making up the byte
count in the standard block header for binary
data transfers. LSB specifies that transfers are
to be least significant byte first while MSB
specifies most significant byte first.

360 OM
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k.

0C1-0C9, OCA, OCB, OCC, ICI1.ICS, ICA,
ICB, ICC, OCL, ICL

These codes provide for calibration coefficient
transfers. Table 5-6 shows the ordering of the
calibration coefficients for various calibration

types,

For example, if you desire the ETF error term
from an B-term calibration, you would use the
OC4 or 1C4 codes,

NOTE

Calibration eoefficients are cutput or
expected-on-input only for the current
sweep frequencies. If data points are
not at maximum and/or the frequenecy
range has been zoomed in with error
correction turned on, not all calibra-
tion coefficients will be sutput or used
on input.

If a request is made for an unavailable calibra-
tion ecefficient array, the 360 freats it as an
impossible request and ignores the command.

.h'.

OFV, IFV
The OFV code outputs the frequencies the 360 is
currently measuring.

The IFV code can be used to input an arbitrary
list of frequencies into the 360 (2 £number of fre-
quencies £ 501), This code can be used to specify
frequencies to be calibrated at after a calibration
type has been specified. IFV can also be used in
the normal measurement mode to input frequen-
cies for a special application. In this usage, any
existing calibration data is lost,

081 - 084, OFP

These mnemonic codes output a binary string of
data from either one of the four stored setups
{081 ~ 084) or from the current front panel setup
{OFP). The size of a front panel setup is 3 KBytes
{3072 bytes).

IS1-184, IFP

These manemonic codes are used to input a binary
string of data as stored setup information

(I51- 1584) or as front panel getup information
(IFP). The data string must be exactly the length
of the string output by the OFP or 0S1—084
codes and is checked for validity before the opera-
tion is performed. If either the number of hytes,
or the contents of the string are invalid, a
parameter out of range error is generated.

Table 5-8. Calibration Coefficient Ordering

Cafibration Type

Coef-
flokant

12-tarm
€12

B-tarm

Heflection
Only
CRF

Fraguency
Responss
CFR

Transmission
Fraqy. Response
CFT

Reflection
Fraq.Reaponsa
CRL

Nona

oW P @ @ oD ;s W R -

EDF
ESF
ERF
EXF
ELF
ETF
EDR
ESR
ERR
EXR
ELR
ETR

EDF
ESF
ERF
ETF

EDF
ESF
ERF

ERF
ETF

ETF

ERF

360 OM
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For the IFP code, if the setup data is valid the 360
will change its setup based on the new front panel
setup information.
. ODR

This code outputs a binary string that is the
image of the directory of the current disk in the
360's disk drive. If a disk error occurs, the 360
does a disk-error-status-update and transfers no
data. The data string for the directory is exactly
3.5 KBytes (3584 bytes) long.

m. ORD, OCD, OFD, ICD, IFD
These codes transfer data for the s-parameter on
the active channel. Only the current measure-
ment points will be cutput (ORD, OCD, OFD) or
expected on input (ICD, TFD).

1. The ORD and QCD ¢odes both output data for the s-
parameter on the active channel in {real imaginary)
pairs {real, imaginary), Similardy, ICD expects cor-
rected daia for the s-parameter on the active chanpel
in pairs.

2. The OFD code outputs data values for the s-
parameter on the active channel that depend on the
current graph type being used {refer to Table 5-5).
The IFD code expects the data being input to match
the graph type on the active channel in the same way.

3. When s-parameter data input to the 360 is complete
{aCD and IFD) the 360 redraws the s-parameter on
the active channel using this data. To prevent the
newly drawn data from being overwritten by new
measurement data the instrument should be in hold
prior o inputting the data.

5-14

5-25 Data Transfer Program Example and
Program Notes

a. Data Transfer Example

Figure 5-4 provides an example program written in
Microsoft C. It uses & number of data transfer codes
as well as some codes from Section IV. The program
ig written to run on an IBM-PC or compatible com-
puter with a National Instruments GPIB-PCIIA
board and C language interface drivers. The func-
tions performed by the program are:

¢ Reset the 360 to its default state.

# Read a full array of frequencies from the 360,

® Input a subset of these frequencies into the 360,
¢ Tgke Sg1 transmission data,

# Loopthis data back inte the 360 as error term ETF
for a transmission frequency response calibration.

& Turn on eorrection in the 380 and read in 2 foll
corrected sweep of data using this as the error
term,

« Print the results on the computer screen.

360 OM
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#inclods “atdio . h%
#incluods “decl. k"
int pna_36D, etf bytaes;
unsigred char anafls];
/* Axrray for fraquenciss in 64-bit Form */
double sz] H
/% Array to hold the raw 8321 data to be used as ETF */
uansigned char sebfmfr[S512%2*4];
/* Stracture template to use for manipulating the block header »/
struct std header
{
thar preambl 1;
char preambl 2;
unaigned int mag_count;);f
struct ptd headsx hedr;
/* Structure template for the (mag,phase) data palrs Ffor 821 »/
struct datas pair
{
float dn;
flost dagreas; ~
¥
struct data pair a21([512];
main ()
{
iut 1, num pts;
/* Find the 360 on the bus. assuming it’s ast for address & */
pra_360 = ipfind ("DEVE"};
if{pna 360 O} /* problem finding a device at address € */
printf ("ERRCR FINDING DEVICE €9);
alss
{
ibtme {pna_3€0,T100s} #* gat the timeout at 100 secends *»/
/* remat to default atate, go ts high freguency rasel. */
ibwrt (pna_360, "REYT FRI", 7}
#* Regquest fregquencias in 64-bit floating point format (LEB} */
ibwrt (poa_¥60, "FMB L5B OFV",11);
/* Raead in lst 4 bytea = header: #A s> oissrx/
ibrd (poa 360, shedr.preanbl 1,4);
7% Road in rest of .data.as frsquencles */
% Byte count in header talle us how much to read */
ibxd (pou_360, freqs, hedr.meg_count) ; ff
/* Input the first 401 fraquencies into the 360 */
ibwrt (poa_360, “FMB LSB IFV®,11);

bedr .meg count = {4G1 * 8); #* sach fraguancy is & bytes long */
ihwrt (pna 360, shedr .preambl 1,4); /*output let 4 bytes = headex™/

7* Qutput 401 points of frequency information */

ibwrt (pna_360, freqe, hedr.meg count);

#% 360 is measoring at the inputted freguencies - sat up */
i* for S2]1 measurement */

ibwrt (pna_360, "CHL DEP S21 MPH FHI®,1%);

princf {(“CONNECT THROUGH LINE BETWEEN PORTS. HIT ENTER WHRN READY\n");

scanf ("%le*, ana) ;

360 OM

Figure 5-4. A 'C" Language Example Program for Data Transfer Using the 360 (1 of 2)
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/% Get a full sweep of data and then input raw data */
/% An 52-blt form into etfbufr[} */
ibwrt {pna_360, “TRS WPS FMC LSB ORD®,18):
/* Read antire string, INCLUDING HEADER.
ibrd{pna 360, etfbufr, 512%4%2};

/* save #bytes read into buffaer */

otf bytas = lhont;

/* Now we have a full sweep of raw transmission data. This %/
/% can be used directly as serror ceafficlant ETF for a *f
/% transmlsaion fraquency response calibratlon, *f

ibwrt (pre_360, "RFT FMC LSB ICLI", 15}/

/* “APTY 15 usad to “focl™ the 360 inte thinking it has */

/* done a trane. frequency respones calibration so %/
/% that cal. cesfficiant 1 = ETF. Send 360 the ICL data. %/
ibwrt (pna_360, otfbufr, atf_bytes):

/% The 360 now has a valid cal. cesfficient arzay -~ turn %/
i* goxrection on & gat a full error corrected sweep of data */
ibwrt {pna 360, "CON WFS FMC LSB OFD",19);

ibrd {pna 360, shedr.preambl 1,4};
7% yead in E21 data, let read tesrminate on BOX %7
ibrd(pna_360,5a21[0}.dB, (512%4+2)};

/% Frint out fraguancies and S21 corrected {dR,degress} data =/
priotf {*CORRECIRED 821 BATA:\n"};

priat£{*\n"};
printf{* FREQUENCY
prinkf (Hx}

printf£{"%13e: %13.6f

}

raturn

}

MASNITODE
{aB) {dagraea)\o")

num pts = {ibcat / 8); /* sach polnt 1s (dB,deg) @ 4 bytes sach */
for(i=0; 1 num pte; 1++)

%13.6f\n",

freqall], 821[1].dB, 821[1].degreas)}:

Will terminate on BOI */

7* read header, then 821 data */

FEASE\n"};

b.

Figure §5-4. A "'C" Language Example Program for Data Transfer Using the 360 (2 of 2)

Data Transfer Program Notes:
This program uses a large time-oul value {100
seconds). This prevents the controller from quit-
ting while the 360 is busy, For example, aftersend-
ing "TRS WFS FMC LSB ORD" , enough time
must be allocated to allow the 360 to complete a
new sweep and format the data for output.

A structure was defined (struct std header)
for manipulating the standard block header so that
message byte counts are easily accessed.

All transfers use L8B mode to be compatible with
INTEL microprocessors,

FME is equivalent fo "double" in C, FMC is
equivalent to "float".

Before measurement data is read from the 360, the
controller sends a "WFS" mnemonic to ensure the
data is valid.

Reads can be terminated by (1) reading the header
and then using the byte count value or {2) by

5-16

spacifying a maximum value for the transfer count
and letting the transfer terminate when the 360
sets the EOQI line signaling the end of information.

The program defines a structure for the Sz1 (mag,
phase) data pairs output by the 360 for the OFD
code, This allows for easy access to each frequency
point’s two data values using array indexing.

The APT code must be sent before the IC1 code so
that the 360 can discern what calibration coeffs-
cient #1 corresponds to (ETF in this example).

It is good practice to preface a data transfer
mnemonic with a format and byte-order mnemonic
(ie., "FMB LSB OFV™), although both the format
and the byte-order carry on to the next transfer.

A section of a string may be read (such as the
header) followed by the remainder of the string,
However the entire data stream must be read before
any subsequent data will be available.

360 0M
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Table 5-7. Group Execute Trigger Command Codes

COMMAND
CODE DESCRIPTION VALUES
DEF Begin Delinition of Group Execute Trigger N/A
Response
END End Definition of Group Exacute Trigger /A
Response

B-2.6 Advanced Command Codes:
Group Execute Trigger

The 360 is extremely flexible in its implementation
of group execute trigger (GET) functions. There are
enly two commands specifically designated for im-
plementing group execute trigger functions (DEF and
END). However, almeost all command ¢odes avail-
able on the 360—in any combination—can be set up
gs the response to a GET.

The response to the GET is set by issuing the DEF
code followed by a sequence of command codes ter-
minated with the END code. The sequence of com-
mand codes may be any sequence of codes that does
not include 2 data input code. If 2 data input code is
included, the 360 reads the data as additional com-
mands. In this case, a syntax arror would most like-
ly occur. The entire string is pre-parsed and com-
pacted. The maximum compacted string size is 255
characters,

An example of the use of DEF and END is shown in
the following sequence of codes:

“DEF CET NOC SRT 1 GHZ STP 18 GHZ BEG TCD
NCE MRI WES MMM MMN OM1 END"

360 0M

If the preceding sequence of codes is sent to the 360,
it is stored as the response to the group execute trig-
ger. The commands between the DEF and END codes
will not be executed, From this point on, every time
the 360 is triggered by sending the GET code, it will:

& Go through a transmission frequency response
cglibration from 1 to 18 GHz (CFT NOC SRT GHZ
STP 18 GHZ BEG TCD NCBS),

# Turn on marker ( MK1),
& Wait for a full sweep of data (WFS).

® Move marker 1 to the maxamum value on the trace

(MMX).
¢ Output the maximum value (OM1).

® Move marker 1 to the minimum value on the trace
{MMN).

» Quiput the minimum value (OM1),

Thus, every time the 360 is triggered, it outputs the
maximum and minimum values for the new calibra-
tion just performed.

NOTE
When triggering the 380, the 360 puts the
trigger command code (GET) into the com-
mand buffer behind any preceding instruc-
tions. The commands in the DEF ... END
string are executed upon completion of the
commands issued prior to the GET code.
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527 gid;;;mpceiggng d Codes: « All ASCII characters with g value lower than the

value of the space character (32 decimal}.
.~ Decimal Point

Y Quotation Marks
! — Slash
\ ww Backslash

The Disk Function codes, listed in figure 5-8, are used
for the following:

*
.
.
® Reading files from the disk. .
® Writing files to the disk. ® []—Brackets
® Deleting files. ® :— Colon
® Formatting a data-only disk. * |j— Pipe
¢ Loading calibration kit information from the disk. ® > — Greater Than
® < — Less Than
* 4 - Plus sign
»
.
*

All of the Disk Funchion codss, except the INT and = — Equal Sign

LKT codes, reguire a file name siring, File name

strings can be up to 8 characters long and must be 3 — Semicolon

enclosed by double quote characfers (") when they are s — Comma

sent to the 360 (see the descriptions of the LMS, LDT, NOTE

LID, and LNM codesin Section IV, Paragraph 4-4.12).

Only file name characters accepted by MS-DOS are Spaces are accepted before characters and
valid. Characters that are not acceptahle as file after characters but not between
names are: characters.

Table 5-8. Disk Functions Command Codes

COMMAND

CODE DESCRIPTION VALUES

SDK Store Active Channetl's Trace Memory to Disk File String Up to 8 Characters Long for File Name

RCK Recall Active Channel's Trace Memory From Sring Up 1o 8 Characters Long for File Name
Disk File

81O Store Calibration Data and Front Panel Setup String Up to 8 Characters Long for Fila Name
Information to Disk File

RLD Racall Calibration Data and Front Panel Satup String Up to 8 Characters Long for File Name
Information From Disk Fils

TDD Stora Tabular Printout Data to ASCH Disk Fila String Up o 8 Charadters Long for File Name

RTB Recall Tabular Data File From Disk for Output to String Up to 8 Characters Long for File Name
Printar

BEC Delete Calibration and Front Panel Satup File String Up to 8 Characters Long for File Nams
From Disk

DED Deatate Tabular Printout Data Fike From Disk String Up to 8 Characters Long for File Name

DEN Dalote Trace Memory File From Disk String Up fo 8 Characters Long for File Name

INT inftializa (Format) Disk in Drive as a Data-Only N/A
Disk A

LKT Load Catibration Kit information From Disk N/A

5-18 380 0M
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Examples of the disk function command ¢codes useage

are shown in Figure 5-5.

ADVANCED COMMAND CODES: DESCRIPTIONS

prAdA Gy

i CAUTION :

{ Py

The INT code immediately formats the disk in the
360’s drive. Any data on the disk will be destroyed.

Use this mnemonie carefully.

t EXAMPLE 1 ~ SAVE CAL AND FRONT

Y PANEL SETUP TO DISK

Q8 = CHRS(34) ! DOUHLE QUOTE SYMBOL (™)
Ch = »12 TERM" Y FILE NAME FOR CAL DATA
i STORE TO DISK FILE "12 TERM.CAL"

OUTRUT T0E; "S$TOREQBACBAQS

! EXAMPLE 2 ~ BAVE TABULAR DATA

! OTO DISK FILE

0% = CHRS (34) 1 DOURLE GQUOTE SYMBOL (™)
T4 = "S21_THRU™ ! FILE HAME FOR TAB DATA
! STORE 7O DISK FILE "S21_THRU.DAT"
CUTPUT 706 "TDD"SQ85TEE0S

| EXAMPLE 3 - SAVE TRACE HREMORY

! 90 DISE, RECALL I? OE A DIFFERENT

! CHANNEL AND THEN DELETE FILB

OUTPUT 706;7CHI DL3 811 CHI S21 FHI wWrs~
GUTPUT 706;"CHL ST0" 1 STORE TRACE TO MEMORY
08 = CHRE (34} | DOURIE (UOTE SYMBOL{™)
W = "S1ITRACE® ! PILE KAMZ FOR TRACE DATA
f STORE TO DISK FILE "S1LTRACE.NRN®
SUPPUT J0€; "SDETLQSENSEGS

t RECALL SaNE DATA ON CHANNEL 3

OUTPUT 10£:“CH3 RCK"eQSaNbacd

t DELETE THE TRACE MENMORY FILE

SUTPUT 706; *DEN"sQ8eHEL0E

Figure 5-5. Disk Functions Command Coedes Example

360 0M
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5-28 Advanced Command Codes:
Status Bytes/SRQ

The status of the 360 is defined by primary and secon-
dary status bytes. These bytes have the following bit
representations:

Primary Status Byte: Secondary Status Byte:
Bt # Bat #
7| 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
Self 2nd  Action [Out  |Syntax Sweep Cal Powerl Key Hard- Disk
Tost | SRQ {Byte Not of |Brror Complete [Sweep! On |Pressed X*! X X | ware X Error
Fail Has [Possible Range inHold |Completd Error
Statusg

Explanation of Bit Conditiona:
Primary Status:

a. Cal. Sweep Complete
This bit updates when a calibration sweep is com-
pleted after the TCD code.

b. Sweep Complete In Hold
This bit updates when a full sweep is completed
in hold after the TRS code.

¢. Syntax Error
This bit updates when a syntax error occurs

d. Parameter Out Of Range
This bit updates when data values are out of the
allowable range or the data was found to be in-
valid.

e. Action Not Possible
This bit updates when a code can not execute in
the current instrument state.

F. 2nd Byte Has Status
This bit updates when a condition represented in
the second status byte is true.

g SRQ )
The Service Request bit sets during the serial poll
response when the 360 is requesting service.

h. SelfTest Failed
This bit sets true if a self test fails.

5-20

A,

* X denotes not used.

Secondary Status:

a. Dvsk Error
This bit updates when a disk error oceurs.

b. Hardware Error
This bit updates when there is a problem with the
system hardware.

¢. Key Pressed
This bit updates when a key on the front panel is
pressed,

d. Power On
This bit updates when the system is first powered
on.

Table 5-8 Lists the status byte command codes. These
codes are used to:
& Output the status of the 360.

® Input service request enable masks.
# Clear the 360 status.

In order for the 360 to generate a service request for
a condition, both the condition bit and the SRQ bit in
the appropriate mask must be enabled (bit = 1 — con-
dition enabled), When the 360 requests service, the
serial poll response byte will show only one¢ enabled
bit set. The controller can then always tell which
enabled condition generated the Service Request
(8RQ). This also implies that the primary status byte
— the byte is accessed using the OPB code— and the
serial pol! response byte will not necessanly be equal.
Any true bits for conditions not enabled will show up
in the serial poll response byte.
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Table 5.9, Status Byte Command Codes

COMMAND

CODE DESCRIPTION VALUES
oPg Outpist Primary Status Byle Cne Binary Byte
OEB Output Extended (Secondary} Status Byte Ons Binary Byla
iPM input Primary Status Mask One Binary Byle
EM input Extended (Secondary} Status Mask One Binary Byle
500 Disable Service Requests N/A
S Enable any Unmasked Service Reguasts N/A
CsB Clear Primary and Secondary Status Bytes N/A

NOTE

The data transfer for the OPB, OEB, IPM and IEM Figure 5-6 provides an example of status-byte-enable

codes involve a single binary byte of data. For the mask setup and service request handling,

IPM and IEM codes the desired condition mask byte
must immediately follow the mnemonic.

! SET UP SERVICE REQUEST SUBROUTINE ADDRESS
O IRTR 7 GOSUB 1000

! ENASLE SRQ CONDITTON AS AW INTERRUPT
ENAGLE INTR 7:8

REMOTE 706

1 ENABLE SRQ, SYNTAX, PRRAM,

! OUT OF RANGE AND ACTION

| NOT POSSIBLE ERRORS = BITS

t 2,3,45 6

Y MASKE = 4+8+16+64 = B2

CUTPFUT 706 USING "#,ARR,B"; “IEM®, 52
1000 ! SR SERVICE ROUTINE

1020 R-SPOLL{706) t POLL THE 360
1038 IF BIT(R, 2} 1 7HEN Q0TO 1050
1048 DPISP MEYHTAX ERROR™

1080 IF BITIR.3; 1 THEN oOTO 1070
1060 DISP “PARAMETER OUYT OF RANGE"
1070 IF BITIR,4) 1 THEN GOTO 1G90
1080 DISP "ACTIOR NOT POSSIBLE"
1090 ' RERD THE PRIMARY STATUS RYTE
1100 QUTRUT 706 vOpaC

111G ENTER 706 USING "4,B“;B

1120 DISP "PRIMARY STATUS = ", B
1130} RE-ENABLE IRTEQRUPY RND RETURN
1340 ENABLE INTH 7;8B @ RETURN

L0LG  BTATUS 7, 1A } READ INTERRUPT CAUSE REQIZTER

Figure 5-8. An Example of Status-Byte-Ensble-Mask Setup and Service Request Handling

360 OM
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ADVANCED COMMAND CODES: DESCRIPTIONS

Y GPIB OPERATION — ADVANCED PROGRAMMING

5-29 Advanced Command Codes:
Time Domain

The time domain command codes are available onfy
with the 2360-2 Time Domain Software option, The
time domain codes (Table 5-10) are used to :

» Specify the Domain of & Channel,

¢ Set Up Operating Modes and parameters for the
Selected Processing Type of the Channel.

Takble 5-10. Time Domain Cornmand Codes (1 of 2)

COMMAND
CODE DESCRIPTION VALUES TERMINATORS
FQD Sslect Fraquency Domain for Active Channel N/A N/A
TBP Select Bandpass Mode With Time Readouts for N7A N/A
active Channel
oBP Salect Bandpass Mode With Distance Readouts N/A N/A
for Active Channsal
T Setect Phasor Impuise Mode With Time N/A N/A
Readouts for Active Channel
oel Select Phasor Impulse Mode With Dislance N/A N/A
Readouts for Active Channel
TP Select Lowpass Mode With Time Readouts for N/A N/A
Active Channel
DLP Solact Lowpass Mode With Distance Readouts N7A N/A
for Active Channal
FGT Select Fraquency With Time Gate Mode N/A N/A
LPI Select Lowpass Impulse Response for Active N/A N/A
Channel
LPS Select Lowpass Step Response for Active N/A N/A
Channsl
GON Turn Gata On on Active Channal N/A /A
GOF Tum Gate Of on Active Channel N/A N/A
GDS Display Gate Symbols on Active Channe!l With N/A N/A
Gate Off
zZs7 Set Start of Time Domain Zoom Range for All
Channals in Tirme Domain
Time Mode: -999,999 t¢ 999.999 us PSBC, NSC, USC
Distance Mode: -909.999 10 999.999 m MMT, CMT, MTR
5P Set Stop of Time Domain Zoom Range for Ali
Channels in Time Domain
Time Mode: -999.999 fo 999.999 us PSC, NSC, USC
Distance Mode: 969,999 1o 999,999 m MMT, CMT, MTR
20T Set Center of Time Domain Zoom Range for All
Channgls in Time Domain
Time Mode: -999.9935 fo 980.999 us PSC, NSC, USC
Distance Mode: -999.999 fo 885.999 m MMT, CMT, MTR
ZSN Set Spanof Time Domain Zoom Range for All
Channels in Tima Domain
Time Moda: 010 999.999 us PSC, NSC, USC
Distance Mode: 010 999.999 m MMT, CMT, MTR
5-22 360 OM
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T Table 5-10. Time Domain Command Codes (2 of 2}
COMMAND
CODE DESCRIPTION VALUES TERMINATORS
GST Set Gate Start Value for All Ghannels in Time
Pomain
Time Mode: ~399.995 to 69%.99% us PSCNSCUSC
Distance Mode: ~599.999 10 595.555 m MMT,CMTMTR
Gsp Set Gate Siop Value for all Channels in Time
Bomain
Time Mode: —54849.999 10698990 us PBCNSCUSC
Distance Mode: —58485.995 10 859.989m MMT.CMTMTR
GCT Set Gate Center Value for All Channels in Time
Domain )
Time Mode: 0.0000 10 885.99% us PSCNSCUSC
Distance Mada: 0.0000 1o 999999 m MMT,CMTMTR
GSH Bet Gate Span Valus for all Channels in Time
Domain
Time Mode: 0.0000 to 999.999 us PSC,NSCUSBC
Distance Mode: 0.0000 to 999.999 m MMT,CMTMTR
GRT Select Rectangular Gate Shape for all Time N/A N/A
Domain Channels
GhM Selact Nominal Gate Shapa for all Time Domain N/A NZA
Channels
GLS Selact Low Sidelobe Gate Shape for all Time N/A N/A
Domain Channels
) GMS Select Minumum Sidelobe Gats Shape for all N/A NZA
Tirng Domain Channsls
WHT Seloct Rectangular Window Shaps for all Tima N/A N/A
Domain Channels
WhM Saloct Nominal Window Shape for all Time NA N/A
Domain Channels
WLS Select Low Sidelobe Window Shape for all Time N/A N/A
Domain Channels
WMS Select Minumum Sidelobe Window Shape for all N/A N/A
Time Domain Channgls
MRR Restore Original Ranga After a Marker Zoam N/A NA
Operation
DCA Salect Auto d.c. term for Low Pass N/A N/A
DCZ Selact Line Impedance d.c. tarm for Low Pass N/A N/A
BCO Satect Opend.c. Term for Low Pass N/A N/A
DCS Select Shortd.c. Term for Low Pass N/A N/A
DCv* Sect Low Pass d.c Term o Valus -100M [ to 1000 MY XX, XX3, XM3
* Certain time domain codes can only be used with particular processing types or instrument states, For ex-
ample "DCV 25 XX1" sets the d.c. term for low pass to 25 ohms, The 360 can only execute this command string
if the active channel is in time domain lowpass mode (TLP or DLP) or if a valid lowpass set of frequencies exist
for frequency domain (FQD) or frequency gated by time (FGT).
'ﬂ'ﬂ\
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Alphabetlcat Index

1, 3

Alphabetical Index

C

-0

1-path, 2-port, 3-23, 3-125
10 MHz reference, 3-113
12-term, 3-125
12-term calibration, 3-11, 3-23
12-term error correction, 3.9
360C1, 360C2, 1-7
3605845, 3608869

See also signal sources

A

accuracy
See measurement accuracy
active channel, 3-22, 3-48, 3-90
thru 3-98, 3-106
active device measurements,
3-151 thru 3-153
active device test set(s), 3-137,
3-1486, 3-151
active marker{s), 3-22, 3-83,
3-105
active paramster, 3.18, 3-20
adapter{(s}, 1-5
air line, 1.7, 3-126
aliasing, 3-161
analyzer
See also network analyzer
ASClI-encoded text, 3-17
attenuator, 1-7
auto reversing, 3-4
autoscale, 1-10, 3-20, 3-47
averaging, 3-15, 3-55 thru 3-56,
3-129, 3-145
averaging/smoothing, 3-139

B

backup {diskette), 3-11

bandpass impulse response,
3-155

Beatty standard, 1-6 thru 1-7,
3-126

broadband load(s), 3-33, 3-125

broadband terminations, 3-11,
3.125

360 OM

cabinet.
assembly, 2-12 thra 2-13
attaching parts, 2-11
preparation for use, 2-10
thru 2-13
CAD system, 3-153
calibration, 3-137
12-term, 3-11
See measurement calibration
calibration keys, 3-23
calibration kit, 3-130, 3-137
loading data, 3-11
calibration kits, 1-3
description, 1-8
manual, 1-4
See also verification kits
calibration menus, 3-23, 3-26
thru 3-38
calibration sequence, 3-11 thru
3-12, 3-23, 3-128
calibration standards
open, 3-123
short, 3-123
Zn, 3-123
calibration types, 3-124
Centrenics inteface, 1-7
Centronics interface, 3-17
changing the line voltage, 2-14
channel concept, 3-16, 3-101
channel keys, 3-22, 3-46
channel menus, 3-48
coefficients, 3-125
collet extractor tool, 1-5
color monitor, 3-4
command codes
advanced, 5-3 thru §5-6
alphabetical listing, 4-7 thru
4-15
calibration setup, 5-6
channel control, 4-16
classes, 4-6 thru 4-7
data entry, 4-16
data transfer, 5-3, 5-11 thr
5-13
data transfer, sample
program, 5-14 thru 5.16
disk functions, 5-18
disk functions, example, 5-19
display, 4-18 thru 4-21

enhancement, 4-22
group execute trigger (GET),
5-17
hard copy, 4-27 thru 4.29
limits, 4-26
markers, 4-24 thru 4-25
measurement control, 4-17
miscellaneous, 4-29
ordering, 5-7
reference delay, 4-22
save/recall, 5-9
status byte (SRQ), 5-21
status request (SRQ}, 5-20
time domain, 5-22 thru 5-23
frace memory, 4-23
command codes, GPIB, 4-3
complex conjugate, 3-8
compression level, 3-143
connecior
pinout diagrams, 3-115 thru
3-121
GPC-7, 3-32
K, 3-32
SMA 3-32
Type N, 3-32
¢onnectors
See also GPC-7
See also K Connsctor
rear panel, 3-111 thru 3-121
SMA, 3-123, 3-126
SMA/3.5 mm, 1-5
See also SMA/3.5mm
console, 1.7
assembly, 2-6, 2-7 thru 2-9
attaching parts, 2-8
preparation for use, 2-3 thru
29
coupling-factor loss, 3-8

D

data averaging, 3-15
data diskeite, 3-128
data displays, 3-101 thru 3-110
data plotting, 3-57
data storage, 3-16
data tranfer msg format, 5-10
dedicated system bus
See also GPIB
default program, 3-22
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default settings, 3-15
delta-reference marker, 3.105
dielectric setting, 3-47
dielectric constant, 3-20
directivity, 3-9, 3-123
disk
See diskette
disk drive, 3-17
specification, 1-11
disk menug, 3-74 thru 3-78
disk output, 3-107
disk storage interface, 3-73
diskette
backing up, 3-11
display, 3-4
display capability
specification, 1-10
display keys, 3-20, 3-47
display menus, 3-48 thru 3-54
dot-matrix printer, 1-7
dynamic range, 3-4
specification, 1-8

E

enhancement keys, 3-21, 3-55
enhancement menus, 3-55 thru
3.56
error message, 3-15
error messages, 3-97 thru 3-100
error modeling, 3-124
error terms, 3-32
directivity, 3-9
isolation, 3-9
load test port mateh, 3-9
reflection frequency
response, 3.9
source match, 3-9
transmission frequency
response, 3-89

F

fatal errors, 3.97
flowgraphs, 3-124
Fourier fransform, 1-11, 3-155
freq response, 3-23
frequency domain, 3-154,
3-157, 3-159
frequency response, 3-124
frequency source
See also signal source

Index 2

G

gating, 3-159
general purpese menus, 3-79
thru 3-81
Getting Started, 3-11
GPC-7 connector, 1-5, 3-126,
3-32
GPIB, 3-113 thru 3-114
address, 3-114
cuible length restrictions,
2-15
command code classes, 4-6
thru 4-7
command codes, 4-3
command codes
clagsifications, 4-5
description, 4-4
advanced, 5-3 thru 5-8
alphabetical listing, 4-7
thru 4-15
data bus deseription, 4-3
data delimiting, 2-15
data transfer message
format, 5-10
errors, 360 response to, 4-5
handshake bus description,
4-4
See also IEEE-488 bus
indicators, 3-19
interconnection, 2-15
interface connector, 2-15
management bus
description, 4-3
operation, 4-4
program, calibration data
collection, 5-8
program, data transfer, 5-14
programming tips, 4-5
setup and interconnection,
2-15
specifications, 3-17
status byte, 5-20
syntax, 4-5
GPIB
interface, 3-17
overall description, 4-3
group delay, 3-161
accuracy, 1-10
applieations, 3-150
description, 3-8 -
discussion, 3-148 thru 3-150
equasion, 3-148
frequency aperture, 3-149

measurement, 3-4

specification, 1-10

measurements, 3-148 thru
3-150

H

Hamming window, 3-15

hard copy, 3-107
specification, 1-10

harmoni¢ sampling (mixing),
34

human interface, 3-18

I

id number
See serial number
IEEE-Bus
See also GFIB
IF (intermediate frequency),
3-4 thru 3-5
IF bandwidth, 3-129, 3-13%9
imaginary (display), 3-101
imaginary (reactive) term, 3-8
imaginary number, 3-8
imaginary values, 3-95 thru
3-96
impedance reference, 3-11
impulse response, 3-154
incident energy, 3-140
indicators
calibration, 3-19
GPIB, 3-19
initialize the system, 3-11
ink jet printer, 1.7, 3-17
insertable(s), 1-5, 3.123
interface
disk storage, 3-73
external and peripheral, 3-17
GPIB, 3-17
paralle]l printer, 3-17
test set control, 3-18
interface video, 3-18
international representative
list, 2-1
isolation, 3-9
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oJ

See also imaginary number

K

K connector, 3-32, 3-126
K-Connector, 1-5, 1-7
keys
calibration, 3-23
channel, 3-46
control panel, 3-22
display, 3-47
enhancement, 3-55
markers/limits, 3-82
measurement, 3-41
output, 3-B7
system state, 3-64

L

leaksage paths, 3-143

limit lines, 3-105

Limits, 3-22

limits menus, 3-87 thru 3-96

load match, 3-124

load test port match, 3-9

log magnitude, 3-7

low level measurements, 3-143
thru 3-147

lowpass step response, 3-1556

M

magnitude and phase, 3-4
marker
active, 3-83
marker menus, 3-83 thru 3-86
marker, sweep indicator, 3-105
markers/limits keys, 3-22, 3-82
measurement
group delay, 3-148 thru 3-150
accuracy specifieation, 1-9
calibration, 3-125
discussion, 3-123
test ports, 3.123
capabilities specification, 1-8
enhancement, 1-3
enhancement specification,
1.8

360 OM

measurement errors
load match, 3-124
source match, 3-124
tracking, 3-124
measurement keys, 3-21, 3-41
measurement menus, 3-42 thru
3-45
measurement uncertainty, 3-13,
3-123
measurements, 3-15
active deviee, 3-151 thru
3-153
high-gain devices, 3-147
low level, 3-143 thru 3-147
medium-power devices, 3-147
time domain, 3-154 thru
3-161
transmission and reflection,
3-137 thru 3-142
wide-dynamic-range devices,
3-147
with the network anglyzer,
3-7
menu
save/recall, 3-40
menus
calibration, 3-26 thru 3-38
channel, 3-46
disk, 3-74 thru 3-78
display, 3-48 thru 3-54
enhancement, 3-535 thru 3-56
general purpose, 3-79 thru
3-81
limits, 3-87 thru 3-96
markers, 3-83 thru 3-86
measurement, 3-42 thra 3-45
output, 3-58 thru 3-63
savefrecall, 3-39
system state, 3-86 thru 3-72
time domain, 3-162 thru
3-171
mMessages
definition, 3-97
error and status, 3-97 thru
3-100
status, 3-105
messages, display of, 3-16
metrology lab
See NBS
microwave load, 3-130

=

NBES, 1-6 thru 1-7
NBS, traceable to, 1-3, 1-7
network analyzer, 2-3, 3.5 thru
3-6, 3-11, 3-130
description, 1-3, 3-3 thru 34
manual, 1-4
measurements, 3-7
phase measurement, 3-4
preparation for
storage/shipment, 2-15
thru 2-16
reference delay, 3-4
Smith chart, 3-4
network measurements
principles, 3-139
noise power, 3-144
non-insertables, 3-123
normalization, 3-15
normalization memory, 3-17
number of channels, 1-10

0O

opends), 1-5, 3-125, 3-137,
3-141, 3-152

output

plotter, 3107

printer, 3-107
output keys, 3-21, 3-57
ocutput menus, 3-58 thru 3-63

P

performance specification
measurement aceuracy, 1-9
test set, 1-8
performance specifications, 1-7
disk drive, 1-11
display capability, 1-10
dynamic range, 1-8
general, 1-11 thru 1-12
group delay accuracy, 1-10
hard copy, 1-10
measurement capabilities,
1-8
measurement enhancement,
1-8
remote programming, 1-11
spurce control, 1-9
test port characteristics, 1-10
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time domain, 1.11
phase, 3-5

unwinding, 3-47
phase delay, 3.6
phase measurements, 3-4
phase-vs-frequency (group

delay), 3-6, 3-8
phasor-impulse response, 3-155
pin depth, 3-126, 3-130
pin-depth gauge, 3-130
pinout diagrams, connector,
3-115 thru 3-121

plotter output, 3-107
plotting, 3-67
polar display

description, 3-8
precision component kits

calibration kits, 1-3
printer, 3-113

Centronies interface, 1-7

dot matrix, 1-7

ink jet, 1-7
printer port, 3-17
printing

stop/start, 3-57
printouts

screen image, 3-107

tabular, 3-107
programiming tips, 4-5

R

T
See also real (resistive) term
random errors, 3-124
readout text, 3-11
readout-limit frequencies, 3-87
real (display), 3-101
real (resistive) term, 3-8
real values, 3-85 thru 3-96
rear panel connectors, 3-111
thru 3121
recommended test equipment,
1-13
rectilinear-magnitude format,
3102
REF FLAT
See reference flat
reference delay, 3-4, 3-6 thru
3-7, 3-9, 3-20
reference flat, 1-5, 3-131
reference marker, 3-88
reference plane, 3-140
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reflection frequency response,
3-9
reflection only, 3-23, 3-125
reflection, forward (reverse), 3-7
related manuals, 1-3 thru 1-4
remote programming
specification, 1-11
representative list,
international, 2-1
reversing, 3-9
See also auto-reversing

s

s-parameter(s), 1-3, 3-4, 3-7,
3.9, 3-16, 3-20, 3.84, 3-87,
3-101, 3-106, 3-152

sales offices, international, 2-1

save/recall menus, 3-39 thru
3-40

scalar network analysis, 3-4

screen-image printout, 3-107

self test, 3-15

serial number, 1-3

short(s), 1-5, 3-125, 3-141, 3-152

signal enhancements, 3-144

signal power, 3-144

signal source, 1-3

description, 1-3, 3-3

manual, 1-4
signal sources

3608545, 3605568, 1-3
signal-to-noise-power ratio,

3.144

sliding load(s), 1-5, 3-11, 3-33,

3-125, 3-126, 3-130

pin depth, 3-130
sliding termination, 3-132
sliding termination (load)

procedure, 3-130 thru 3-136
sliding termination(s)

See also sliding load(s)
SMA connector, 3-32, 3-123,
3-128, 3-130
Smith chart, 3-4, 3-8, 3-101,

3140

smoothing, 3-12, 3-15, 3-65
thru 3-56, 3-129

software

ANACAT, 1-7

time domain, 1.7
software user’s guide

manual, 1-4

source control
specification, 1-9
source mateh, 3-124
source test port match, 39
specifications
See performance
gpecifications
start frequency, 3-27
start print, 3.57
start/stop frequencies, 3-15,
3-42
status byte, 5-20
status messages, 3-97, 3-105
stepped impedance air line
See Beatty standard
stop frequency, 3-27
stop printing, 3-57
SUG
See software user's guide
sweep indicator marker, 3-105
SWR, 3-101
syntax, 4-5
system disk, 3-128
system state keys, 3.22, 3-64
system state menus, 3-66 thru
372

T

tabular printout, 3-107
terminations, 1-B
terminator keys, 3-21
test equipment
See recommended test
equipment
test port, 1-7
test port characteristics
specification, 1-10
test set, 3-115, 3-137
active device, 3-10
auto reversing, 3-4
description, 1-3, 3-4, 3-9
manual, 1-4
specification, 1-8
test sets
active device, 1-3
auto-reversing, 1-3
throughline, 3-11, 3-128
time delay
linear, 3-148
non-linear, 3-148
time domain
measurement(s), 3-4, 3-154
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thru 3-161
specification, 1-11
menus, 1-162 thru 1.171
traceable to NBS, 1-3
tracking, 3-124
transmission and reflection
measurements, 3-137 thru
3142
transmission frequency
response, 3-9
transmission measurements,
313
trangmission, forward (reverse),
3.7
transmitted energy, 3-140
tutorial, 3-128
Type-N eonnector, 3-32
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u-z

U w
uncertainty, 3-13, 3-144 windowing, 3-158
vV X
vector error correction, 34, 3-8, X

3-15, 3-124 See also imaginary (reactive)
verification kit, 1-7 term
verification kits, 3-126 thru

3-127

calibration kits, 1-3 A

manual, 1-4
video IF bandwadth, 3-129 Zo load, 3-152

video interface, 3-18

Zo reference, 3-126, 3-130
Zo termination, 3-125
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