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SECTION I 

GENERAL INFORMATION 


1-1 SCOPE OF MANUAL 

This manual provides general information, installa­
tion, and operating information-both control (front) 
panel and GPIB--for the Model 360 Vector Network 
Analyzer system. The manual is organized as shown 
in the table of contents. 

1-2 INTRODUCTION 

This section provides general 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 unique 
six-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 is 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. 

1-5 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 fonc­
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 
screen 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
cy conversion measurements, antenna measure­
ments, and receiver measurements. Frequency 
range is 10 MHz to 40 GHz. Millimeter-wave test 
sets to 110 GHz are also available. 

1-5.3 Signal Source 

Two signal sources are available-lO 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 resolution is 
lOO kHz. Standard 6600B models are also com­
patible and could be used in place of the 3608845 
and 360SS69 sources. 
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RELATED MANUALS I GENERAL INFORMATION 

Table I-I. List of Related Manuals 

Manual Tille Description Part Number 

Model 360 Operating Manual 
(360 OM) 

This manual provides general information, specifications, instal­
lation instructions, and local (front panel), and remote (GPIB) 
operating data and procedural information for the 360 system. 

10410-00022 

Model 360 Performance 
Verification and Calibration 
Maintenance Manual (360 
PV&C MM 

This manual provides parformance verification and calibration 
procedures for the system. 

1041 0-00028 

Model 360 Network Analyzer 
Maintenance Manual (360 
MM) 

This manual provides service information for the network 
analyzer. It includes parts lists, circuit descriptions, block 
diagrams, schematic diagrams. and removal and installation in­
structions for certain analyzer subassemblies. 

10410-00032 

Model 36XX Test Set Main­
tenance Manual (36XX 
TSMM) 

This manual provides service information for the Models 3610, 
3611,3620, and 3621 Test Sets. h includes parts lists. circuh 
descriptions. bloclk diagrams, schematic diagrams, and removal 
and installation instructions for certain test set subassemblies. 

10410-00036 

Model 360SSXX Signal 
i Source Maintenance Manual 
I (360SSXX MM) 

This manual provides service information for the Models 
36S545 and 36SS59 Signal Sources. It includes parts lists. cir­
cuh descriptions. block diagrams. schematic diagrams. and 
removal and installation instructions lor certain signal source 
subassemblies. 

10410-00040 

Model 36XX Calibration Kh 
Operation and Maintenance 
Manual (36XXCK OMM). 

This manual provides operating and maintenance data and pro­
cedures for the various components in the Models 3660. 3651, 
3652, and 3653 Calibration Khs. 

101oo-OO0t4 

Model 36XX Verification Kit 
Operation and Maintenance 
Manual (36XXVK OMM). 

This manual provides operating and maintenance data and pro­
cedufes for the various components in the Models 3666, 3667, 
and 3668 Verification Kits. 

10100-00022 

WILTRON 2360-112360-2 
Soltware User's Guide 
(2360-X SUG) 

This SUG provides operating information, data, and procedures 
for the Standard Network Analyzer software, PIN 2360-1, and 
lime Domain software, PIN 2360-2. 

10550-00042 

1·6 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. 
The verification kit consists of components with 
characteristics traceable to NBS. This kit is usually 
kept in the metrology laboratory where it provides 

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 
paragraphs. 
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I GENERAL INFORMATION 	 PRECISION COMPONENT KITS 


1-6.1 	 Mode13650 SMAI3.5 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 
female test ports. The kit supports calibration with 
broadband loads. Option 1 adds sliding loads_ 

The 3650 consists of the following components: 
• 23S50 Short, SMN3.5mm Male 
• 238F50 Short, SMN3.5mm Female 
• 24S50 Open, SMN3.5mm Male 
• 24SF50 Open, SMN3.5mm Female 
• 28S50-2 Termination, SMN3.5mm Male, 2 ea. 

(dc-26.5 GHz) 
• 	 26SF50-2 Termination, SMN3.5mm Female, 

2 ea. (dc-26.5 GHz) 
• 338FSF50 Insertsble, 	SMN3.5mm Female!­

Female, 2 ea. 
• 	338850 Insertsble, SMN3.5mm MalelMale, 

2 ea. 
33SSF50 Insertable, SMAl3.5mm Male­
!Female 

• 34AS50-2 Adapter, GPC-7 to 	SMN3.5mm 
Male, 2 ea. 34ASF50-2 Adapter, GPC·7 to 
SMN3.5mm Female, 2 ea. 

• 01-201 Torque Wrench 
• 	01-210 Reference Flat 
• 	01-222 Connector Gauge 
• 01-223 Gauge Kit Adapter 
• DataDisk 

Option 1: Adds 17S50 Sliding Load, SMN3.5mm 
Male; 17SF50 Sliding Load, SMN3.5mm Female; 
01-211 Female Flush Short; and 01-212 Male Flush 
Short. 

Figure 1·2. Typical Model 3650X Calibration Kit 

360 OM 

1-6.2 	 Model 3651 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. Thekit supports 
calibration with broadband loads. Option 1 adds a 
sliding load. 

The 3651 consists of the following components: 
• 23A50 Short, GPC-7 
• 24A50 Open, GPC-7 
• 	 28A50-2 Termination, GPC·7, 2 ea. (dc­

18 GHz) 
• 01-200 Torque Wrench 
• 01-210 Reference Flat 

01·221 Collet Extractor Tool and Vial of 4 Col· 
lets 

• 	 Data Disk 
Option1: Adds 17A50 Sliding Load, GPC-7; and 01­
220 GPC-7 Connector Gauge. 

1·6.3 	 Model 3652 K Connector Calibration 
Kit: 

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· 
eluded for calibrating both male and female test 
ports. The kit supports calibration with broadband 
loads. Option 1 adds sliding loads. 

The 3652 consists of the following components: 
• 23K50 Short, K Male 
• 23KF50 Short, K Female 
• 24K50 Open, K Male 
• 24KF50 Open, K Female 
• 	28K50-2 Termination, K Male, 2 ea. (de­

40GHz) 
• 26KF50-2 Termination, K Female, 2 ea. (de­

40GHz) 
• 	 33KK50 Insertsble, K MalelMale 
• 33KFKF50 Insertahle, K FemalelFemale, 2 ell. 
• 33KKF50 Insertahle, K MaleIFemale, 2 ea. 
• 34AK50 Adapter, GPC-71KMale, 2 ea. 
• 34AKF50 Adapter, GPC-71K Female, 2 ea. 
• 01-201 Torque Wrench 
• 01-210 Reference Flat 
• 01-222 Connector Gauge 
• 01-223 Gauge Kit Adapter 
• Data Disk 

Option 1: Adds 17K50 Sliding Load, K Male; 
17KF50 Sliding Load, K Female; 01-211 Female 
Flush Short; and 01-212 Male Flush Short. 
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1-6.4 Model 8658 Type N Calibration Kit 

The 3653 Calibration Kit (Figure 1-2) contains all the 
precision components and tools required to caJibrate 
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 ofthe following components: 
• 23N50 Short, N Male 
• 23NF50 Short, N Female 
• 24N50 Open, N Male 
• 24NF50 Open, N Female 
• 28N50-2 Termination, N Male, 2 ea. 


(dc-18 GHz) 

• 28NF50-2 Termination, N Female, 2 ea. 

(dc-IS GHz) 
• 34AN50-2 Adapter, GP0-71N Male, 2 ea. 
• 34ANF50-2 Adapter, GP0-71N Female, 2 ea. 
• 01-213 Type N Reference Gauge 
• 01-224 Type N Connector Gauge 
• 	Data Disk 

1-6.5 Model 8666 8.5 mm Verification Kit 

The 3666 Verification Kit (Figure 1-3) contains 
precision 3,5 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 

taining factory-measured tast data for all com­
ponents is supplied fur comparison with customer­
measured data. 

The 3666 consists of the following components: 
• 19S50-1O 10 em Air Line 
• 19S50-10B 10 em Stepped Impedance Air Line 

(Beatty Standard) 
• 	41SB-2020 dB Attenuator 
• 41SB--50 50 dB Attenuator 

1-6.6 Model 3667 GPC-7 Verification Kit 

The 3667 Verification Kit (Figure 1-4) contains 
precision GP0-7 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
taining factory· measured test data for each com­
ponent is supplied for comparison with customer­
measured data. 

The 3667 consists of the following components: 
• 10A50-10B 10 cm 	Stepped Impedance Air 

Line (Beatty Standard) 
• 18A50-10 10 em Air Line 
• 41AA-20 20 dB Attenuator 
• 41AA-50 50 dB Attenuator 

Figure 1-4. Model 3667 Verification Kit 
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1-6_7 3668 K Connector Verification Kit 

The 3668 Verification Kit (Figure 1-3) contains 
precision K Connector components with characteris­
tics that are traceable to the National Bureau ofStan­
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
ponent is supplied for comparison with customer­
measured data. 

• 	The 3668 consists ofthe following components: 
• 	 19K50-10 10 cm Air Line 
• 	19K50-10B 10 cm Stepped Impedance Air 

Line (Beatty Standard) 
• 	41 KC-20 20 dB Attenuator 
• 	41KC-50 50 dB Attenuator 

1-7 OPTIONS 

a. Network Analyzer: 
• Option 1: Rack Mount Slides and Ears. 
• Option IS: Instruments are configured for in­

stallation in the 360CI Console or 360C2 
Cabinet. 

• Option 16: Monochrome Display 

b. Test Set 
• Option 1: Rack Mount Slides and Ears. 
• Option IS: Instruments are configured for in­

stallation in the 360C1 Console or 360C2 
Cabinet 

c. Signal Source 
• Option I: Rack Mount Slides and Ears. 
• Option IS: 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,l-foot long, 2each required. 
• 3670A50-2 Test Port Cable, dc to 18 GHz, 

GPC-7 connectors, 2-feet long, 1 ea. required. 
• 3670K50-1 Test Port Cable, dc to 40 GHz, K 

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

• 	3670K50-2 Test Port Cable, dc to 40 GHz, 
K Connectors, 2-feet long, female/female. 

b. Flexible: 
• 	3671A50-I Test Port Cable, dc to 18 GHz, 

GPC-7 Connectors, I-foot long, 2 each re­
quired. 

• 3671A50-2 Test Port Cable, dc to 18 GHz, 
GPC-7 connectors, 2-feet long. 

• 	367IK50-1 Test Port Cable, dc to 40 GHz, 
K Connectors, I-foot long, female/female, 2 
each required. 

• 	367IK50-2 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. 

• 34UA50 Test Port Adapter, UniversalJGPC-7 
• 	 34UK50 Test Port Adapter, UniversalJK Con­

nector, male. 
• 	 34UN50Test PortAdapter, UniversallN, male. 
• 	34UNF50 Test Port Adapter, UniversallN, 

female. 

1-10 SYSTEM SOFTWARE 

• Time Domain Software, PIN 2360-2, includ­
ing Standard Network Analyzer Measurement 
Software, PIN 2360-1. 

• 	 2300-10 ANACAT Software. 

1-11 CABINETS 

• 360CI 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 

• 	 2225-2 Replacement InkJet Cartridges, 
2 each 

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

• 2000-209 3.5-inch Blank Diskettes, Box oflO 

1-13 PERFORMANCE SPECIFICATIONS 

System performance specifications are given in Table 
1-2. 
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SPECIFICA TlONS I GENERALINFORMA TlON 

Table 1·2. Performance Specifications (l of 5) 

MEASUREMENT CAPABILITIES 
Number of Channels: Four measurement channels. 
Parameters: 8", 821, 822, 8'2; complex input and output 
impedance; complex input or output admittance; and com­
plex forward and reverse transmission. All measurements 
are made without the need to manually reverse the lest 
device. 
Domains: Frequency Domain and optional TIme Domain 
(2360-2). Measurements from both domains can be dis­
played simultaneously. 
Formats: Log Magnitude, Phase, Log Magnitude and 
Phase, Smith Chart (Impedance), Smith Chart (Admit· 
tance), Linear Polar, Log Polar, Group Delay, Linear Mag· 
nitude, Linear Magnitude and Phase, Real, Imaginary, Real 
and Imaginary, and 8WR. 
Data Polnls: 501. Can be switched 10 a nominal 168 or a 
nominal S5 points without recalibration. 
Reference Delay: Can be entered in lime or in distance 
(when Ihe dielectric constant is entered). Automatic 
reference delay feature adds the correct electrical length 
compensation at the push of a button. Software compensa­
tion for the eleclrical length difference between reference 
and lesl is always accurale and slable since measurement 
frequencies are always synthesized. In addition, WILTRON 
offers Reference Phase Delay for dispersive Iransmission 
media, such as waveguide and microstrip. 
Markers: Six independenl markers can be used to read out 
measurement data. In della-reference mode, anyone 
marker can be selecled to become the relerence for thEl 

olher five. Markers can be directed automatically to Ihe min­

imum or maximum of a data trace. 

limits: Limit lines are available 10 indicate lest lim~s. 


limit Frequency: This mode allows the user to determine 

the ±X dB bandwidth of ampli!iers, filters, or any type of fre­

quency sens~ive device, 

Measurement Frequency Range: Frequency range of 

measurement can b. narrowed wilhin calibration range 


without recalibration. CW mode permits single frequency 
measurements, also without recalibralion. In addition, the 
system accepts N discrete frequency poinls where 
2~N~501. 

Resolution of Readout (Maximum): 
Log:O.OOt dB 
linear: 0.001 pU (units) 
Phase: 0.01 degrees 
Group Delay: 0.001 Is 
SWR:O.OOf pU 
Real:O.OOI pU 
fmaginary:O.OOI pU 
Tlme:O.OOl ps 
Distance:O.OOl mm 

DYNAMIC RANGE 
The dynamic range of the signal level at Port 2 is defined to 
be the maximum signal level (0.2 dB compression) minus 
the noise floor for the various lest sets. (The noise floor is 
determined using minimum video bandwidth and 1028 
averages.) The noise floor and dynamic range of each test 
set are shown in the table below. 

MEASUREMENT ENHANCEMENT 
Veclor Error Correction: Three methods of calibration are 
offered, they include: slandard calibrations using either 
open circuits or offset short circuits and LRL calibration. 
Four veclor error corrections-Full 12-Term, One Path-Two 
Port, Frequency Response, Re!lection Only. Full 12-term 
can always be used if dElsired, as alilesl sels automatical­
ly reverse the test signal. Front panel LEOs indicate the type 
of calibration, which Is stored in memory. Fronl panel but­
ton selects whether calibration is to be applied, and an LED 
lights when calibration data are being applied. 
Calibration Standards: Can select SMA, GPC-7, Type N, 
and K Conneclor from calibration menu. Use of fixed or slid­
ing load can be selected for each connector type. Open cir­

36XX Series Test Sels 

Test Set Frequency Range Maximum Signal Noise Floor Dynamic Range 
Model (GHz) (dam) (dam) (dB) 

3610 

36tt 

3620 

3621 

'"AUenu8tof #3 set to 40 dB. 

0.5 to 18.0 0 -t10 110 

0.5 to t8.6 -3 -113 tto: 
18.0 to 26.5 ! -3 -108 105 
26.5 to 40 -3 100-103 

0.510 18 40' -110 150 

-1130.5 to 18.0 37' 150 
-108 14537' 

.-...,140-10037' 
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I GENERAL INFORMATION SPECIFICATIONS 

Table 1·2. Performance Specifications (2 of 5) 

circurt capacitance coefficients can be modified manually or 
through the GPI6 interface. 
Data Averaging: Averaging of 1 to 4095 points can be 
selected. Averaging can be turned on/off with front panel 
bullon. Front panel LED indicates when averaging is active. 
Video IF Bandwidth: Front panel switch selects three 
levels of IF bandwidth. NORMAL, REDUCED, and MIN 
selections correspond to approximately 10 kHz, 1 kHz, and 
100 Hz, respectively. 
Trace Smoothing: Functions similarly to Frequency 
Averaging. Trace width to be smoothed can be selected 
from 0 to 20% at trace. Front panel bullon turns smoothing 
on/off and front panel LED indicates when smoothing is ac­
tive. 

SOURCE CONTROL 
Compatibility: The 360 is compatibfe with the WILTRON 
360SS System Sources and the 66006 Sweep Generators. 
The phase·locked output frequency of both is controlled by 
the 360 which sends frequency information through a dedi­
cated GPIB system interlace bus. The output frequency is 
then phase locked with the frequency accuracy of the inter­
nal 10 MHz crystal standard. Phase-lock time is typically 
2 ms. Frequency resolution is 100 kHz. 

MEASUREMENT ACCURACY 
The following graphs give typical measurement accuracy 
after 12-term vector error correction. The errors are root­
sum-of-the- squares (RSS) calculations of the contributions 
01 residual directivity, load and source match, frequency 
response, isolation, network analyzer dynamic accuracy, 
and connector repeatability. In preparing the following 
graphs, a reduced video IF bandwidth and averaging of 128 
points were used. Changes in the video IF bandwidth or 
averaging can result in variations at low levels. 
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SPECIFICATIONS I GENERAL INFORMATION 

Table 1-2. Performance Specifications (3 of5) 

GROUP DELAY ACCURACY 
Group Delay is measured by computing the phase change 
in degrees across a frequency step by applying the formula: 

<g = -11360 d¢/df 
Aperture: Determined by the number of steps within a fre­
quency range. The number of steps can be changed 
without recalibration. The minimum aperture is 0.002 x fre­
quency range (501 sleps) and can be increased 10 20% of 
the frequency range without recalibration. The frequency 
width of the aperture is displayed automatically. 
Range: The maximum delay range is limited to measuring 
no more than 180 degrees of phase change within the aper­
ture set by the number of frequency points. With a frequen­
cy slep size of 100 kHz, this corresponds to 10 iJ.S. 
Measurement Repeatability (Sweep 10 Sweep): For 
conlinuous measuremenl of a Ihrough connection, RSS 
fluctuations due to phase and FM noise are: 

1.41 {(Phase Noise In deg):t + (~x Residual r:M Noise in Hz)~jtJ 

360: (Aperture in Kz) 

Accuracy: 

+'tq x Apert:Jre Frequency Errol' (Hz} 

Ell'O( in 'tg "" 

Aperture (Hz) 

DISPLAY CAPABILITIES: 
Number 01 Channels: Four, each of which Can display 
any S parameler in any format with up to two Iraces per 
channel for a maximum of eight traces simunaneously. A 
single channel. two channels (1 and 3 or 2 and 4) or all four 
channels can be displayed simultaneously. 
CRT: Color display. Gratleules are displayed in green, 
measurement data in red, and markers and limits in blue 
(cyan optional). Trace data stored in memory is displayed 
in green. 
Trace Memory: A saparate memory for each channel can 
be used to store measurement data for laler display or for 
sublraction, addition, multiplication or division with currenl 
measurement data. 
Scale Resolution (Minimum): 

Log Magnitude: 0.001 dB/div 

Linear Magnitude: 1 pU (units) 

Phase:O.Ol degrees/div 

Group Delay: 0.001 ps 

Time: 0.001 ~s 


Distance: 0.001 iJ.m 

SWR:l pU 


Auloscale: Automatically sets Resolution and Offset to 

fully display measurement data. 

Reference Position: Can be sel at any graticule line. 

Annotation: Type of measurement, vertical scale resolu­

tion, start and stop frequencies, reference position, and 

horizonlal scale resolution. 


TEST PORT CHARACTERISfTICS 
The specifications in the listing on the nexl page apply to all 
test sets up to 18 GHz. Specifications above 18 GHz apply 
only to Models 3611 and 3621. Specrrications under GPC­
7 apply to Models 3610 and 3620. Specifications under K 
and 3.5 mm apply to Models 3611 and 3621 and to 3610 
and 3620 When 34AK50 or 34AKSO GPC-7-to-K Connec­
tor adaplers are used. All spec~ications apply alter 12-term 
error correction. Tha environment temperature is 23 ±3 
degrees centigrade. 

Test Ports 

GPC-7Characteristic 
(dll) 

Directivity 
0.5 to 18 GHz 
18 to 26.5 GHz 
26.5 to 40 GHz 

Source Match 
0.5lo 18GHz 
18 lo 26.5 GHz 
26.5lo 40 GHz 

LcsdMatch 
0.5 to 18 GHz 
18 to 26.5 GHz 
26.5 lo 40 GHz 

Reflection 
Freq. Response 

0.510 18 GHz 
18to 25.5 GHz 
26.5 to 40 GHz 

! Traosmissian 
Freq# Response 

0.5 to 18 GHz 
18 to 26.5 GHz 
26.5 lo 40 GHz 

Isolation1 

0.5 to 18 GHz 
18 to 26.5 GHz 
26.5 to 40 GHz 

,50 

-

>40 

-

>40 

±0.1 

±0.O2 

,90 

-

3.5mm 
(dB) 

>40 
>40 
-

>30 
>30 
-

>35 
>30 
-

±0.25 
±O.25 

-

±O.05 
±O.05 

-

>90 
>85 
-

K 
(dB) 

>40 
>40 
>35 

>30 
>30 
>27 

,35 
>30 
>27 

±O.25 
±O.25 
±O.35 

±0.O5 
±O.06 
±O.t 

>90 
>85 
>75 

·Measured with terminations on ports 1 and 2 and using a minimum 
of 128 point averaging and 20% smoothing. 

• 

HARDCOPY 
Dot Matrix Printer: Menu selects lull screen, graphical, or 
tabular data. The number of data points of tabular data can 
be selected as well as data at markers only. Compatible 
with the HP ThinkJet printer. Parallel (Centronics) interface. 
GPIB Pfoller: The 360 is compatible with HP Models 
7440A, 7470A or 7475A. Menu selects plaiting of any sub­
sel of the display. Plotter is connected to Ihe dedicated sys­
tem bus. This bus also controls the microwave source. 
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I GENERAL INFORMATION 	 SPECIFICATIONS 

Table 1·2. Performance Specifications (4 of 5) 

Buffer: Hard Copy data is loaded into buffer memory in ap· Specifications: 
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. All files 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 50t point S­

parameter data file. 

Calibration Data: 58K bytes per 50t point, 12-term calibra­

tion plus front panel setup. 

Trace Memory File: 4K bytes per 50t point channel. 


REMOTE PROGRAMMING 

Interface: GPIB, IEEE 488-t 978 

Addressing: Address can be set from the front panel and 

can range from 0 to 30. Defaults to address 6. 

Transler Formats: ASCII, 32 bit floating point, 64 bit float­

ing point. 

Speed: 40K bytes/s 

Interlace Function Codes: SH1, AH1, T6, TEO, L4, LEO, 

SRI, RLI, PPI, DTI, DCa, CO. 


TIME DOMAIN 

Time Domain Software, PIN 2360-2, adds signal process­

ing and Fourier transform technology to 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 Operation: 
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 a time 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. 

1st Side Lobe 
Type of Window Relative to Peak Impulse 
Number of Terms) (dB) Width' 

Rectangular -13 1.2W 
(1 ) 

Nominal-Hamming -43 I.BW 
(2) 

Low Side Lobe 
Blackman-Harris -"37 2.1 W 

(3) 
Min. Side Lobe 

Blackman-Harris -92 2.7W 
(4) 

1 W (Bin Width) _ 112M. 

Example: When M = 10 GHz. W = 50 ps 


GENERAL 
Rear Panel Connectors and ContrOls: 

RGB VIDEO: TTL compatible, 15 pin D subminiature. 
COMP VIDEO: Connects to 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 fN: Connects to external reference fre­
quency standard, 10 MHz, +5 dBm to -5 dBm, 50 ohms, 
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 1 0 MHz input is ap­
plied, the 10 MHz REF OUT is looped through. 

Temperature Range: 
Operating: O'C to 55'C (45C maximum for disk drive) 
Storage: -40'C to 75'C 

Power Requirements: 
Network Analyzer: 1OOV1120V1220V 1240V 

+5%, -10%, 48-63 Hz, 350 VA maximum. 

System Sources: 100V/120V/220V/240V 

+5%, -10%, 50-60 Hz, 250 VAmaximum 

Test Sets: None. Power is supplied by the 360. 

Dimensions: 
Network Analyzer: 222 H x 432 W x 603 D mm (8.75 H 
x 17 W x 23.75 Din.) 
System Sources: 133 H x 432 W x 476 D mm (5.25 H 
x 17 Wx 18.75 Din.) 
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SPECIFICATIONS I GENERAL INFORMATION 

Table 1·2. Performance Specifications (5 of5) 

Dimensions (Continued): Weight: 
Test Sets: 133 H • 432 W x 603 D mm (5.25 H x 17 W Network Analyzer: 25 kg (55 Ib) 
.23.75 Din.) System Sources: 16 kg (35.4lb) maximum. 
Printer: 89 H. 292 W. 203 D mm (3.5 H. 11.5 W x8 Test Sets: 14.3 kg (31.5 Ib) 
Din.) Printer: 3.2 kg (7 Ih) 
SYslem Cabinet: 572 H x 559 W x 699 D mm (22.5 H x Syslsm Cabinet (Empty): 40.8 kg (90 Ih) 
22 W x27.5 Din.) System Console (Empty):SS.4 kg (195Ih) 
System Console: 1245 H x 559 W x 699 D mm (49 H x 
22 W x 27.5 Din.) 
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I GENERALINFORMATION RECOMMENDED TEST EQUIPMENT 

1-14 RECOMMENDED TEST EQUIPMENT Code Type ofTesting 
C Calibration

Table 1-3 provides a lists ofrecommended test equip­ o Operational 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 Troubleshooting
the equipment is used. These codes are described 
below. 

Table 1-3. Recommended Test Equipment 

INSTRUMENT 
CRITICAL 

SPECIFICATION 
RECOMMENDED 
MANUFACTURER USE 

Spectrum Analyzer Frequency: 1 Hzt040MHz 
Resolution: 10Hz 

Hewlett-Packard 
Model 3585A 

P, C 

Spectrum Analyzer 
with External Mixer 

Frequency: 0.01 to 100 GHz 
Resolution: 100 Hz 

Tektronix, Model 494, with Ext 
Mixer PN: 015-3085-00 

O,P, T,C 

Frequency Counter Frequency: 0.01 to 40 GHz 
Input Impedance: 50 ohms 
Resolution: 1 Hz 
Other: Ext Time Base Input 

EIP Microwaves, Inc. 
Model 548A, with frequency ex­
tended 

0, P, T 

Power Meter Power Range: -30 to +20 dBm Hewlett·Packard, Model 436A 0, P, T 

Power Sensor Frequency Range: 0.01 to 26.5 GHz Hewlett-Packard, Model 8485A O,P,T 

Digital Multimeter Resolution: 4-1/2 digits (to 20V) 
DC Accuracy: 0.002% + 2 counts 
DC Input Impedance: 10 MQ 
AC Accuracy: 0.07% + 100 counts 
(to 20 kHz) 
AC Input Impedance: 1 megohm 

John Fluke, Inc., Model 8840A, 
with Option 8840A-09 
True RMS AC 

0, P, T 

Synthesizer Frequency: 1 Hz to 10 MHz 
Power: -60 to 20 dBm, 50 Ohms 

Hewlett-Packard 
Model 3325A 

0, P, T 

Oscilloscope Bandwidth: DC to 200 MHz 
Sensitivity: 2 mV 
HOfiz. Sensitivity: 50 ns/division 

Tektronix, Inc. 
Model 2445 

0, P, T, C 

DC Block 0.18 f!F, 200V, 10 MHz, 
BNC Connector 

Hewlett-Packard, 
Model 10240B 

P 

Variac 300W, V, I, P Meters TechniPower, Model WSMT3AW 0, P, T 

Component 
Verification 

Krt 

Components Traceable to United 
States National Bureau of Standards 
(NBS) 

WILTRON, Model 3666, 3667 
or 3668 (as applicable) 

O,P,C, T 

Frequency 
Standard 

Frequency: 10 MHz 
Accuracy: 1 x 10-10 Hz Iday 
Power: 0 dBm into 50 Ohms 

Spectracom Ccrp. 
Model 8161 

P, C 

Modulation 
Analyzer 

AM, FM NOISE MEAS 
Less than 1 00 Hz 
Input Frequency: 5-30 MHz 

Hewlett-Packard, 
Model 8901A 

P 
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SECTION II 

INSTALLATION 


2-1 	 INTRODUCTION 

This section provides information on initial 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. 

Ifany 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. 

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 

attaching-parts kit contained in Box 5. 


2. Unpacking the equipment 
3. Assembling the console. 
4. 	Installing the system instruments. 
5. 	Installing the shelf. 
6. 	Cabling the instruments. 
7. 	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 are 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. 

NOTE 
The empty console weights 65.9 kg (145 
lb). We recommend employing two or 
more people to lift it off of the shipping 
pallet (Figure 2-2, Step 2). 
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" PREPARATION FOR USE, 36OC1 SYSTEM CONSOLE II INSTALLATION 


Figure 2·L Attaching Parts Used for Assembling the Console 
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II INSTALLATION PREPARATION FOR USE, 36OC1 SYSTEM CONSOLE 

Table 2-1. List ofAttaching Parts, Console 

Index No. Description Part No. aty 

(2) Cords for connecting analyzer and source to ac bus. 800-279 2 

0 Interconnect cable having GPIB connectors on each end. 1 m long. 
Used to connect analyzer to source. 

2100-1 1 

0) Signal cable having BNC female connectors on each end, 3 It long. 
Used to connect between FM 0LOCK ports on source and analyzer. 

800-124 1 

0 Mat for dissipating static electricity. 2000-204 1 

CD Interlace cable used to connect between CONTROL ports on 
analyzer and test set. 

800-280 1 

0 Interface cable used to connect between SIGNAL ports on analyzer 
and test set. 

033015-1 1 

C) Strap and cord for connecting between operator's wrist and static 
dissipative mat. 

783-163 1 

0 RF cable between test set and source. Cable has male WIL TRON K 
Connectors'" on each end. 

B33268-1 1 

0 Grey, decorative screws used to secure the analyzer, test set. and 
source to the front panel of the console. 

900-609 12 

@) Writing shelf assembly parts. consisting of the following: 
Washer, #10, Split Lk 900-396 8 
Screw, Pan Hd. 10-32xO.5 inch. Phillips. Used to mount the rails to 8 

the writing surface and the console rail guides. 900-223 
Nut, Kep, 10-32xO.375 inch 900-338 2 
Washe" #10, Fiat. 0.375 inch 900-352 2 

® Bracket-clip assembly parts, consisting of the following: 
Bracket-cllp used to retain analyzer. test set, and source to the rear 

of their individual support brackets. 
A32339 6 

Nut, Kep, 8-32 x 0.343 inch 900-336 12 
Washer. #8. Flat, 0.375 inch 900-351 12 
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Step 1 Remove the console from Us shipping container, as 
follows: 

• 	 Cut the bands <D. 
• 	 Lift off the top @. 

• 	 Remove the cardboard sleeve ® by pulling 
straight up and away. 

• 	 Remove the packing materials. 

• 	 Remove the writing surface from atop the con­
sole and set it aside. You will be directed to com­
plete its assembly in a later step, 

Step 2 

" 

Remove the console from the shipping 
pallet. as follows: 

• 	 Insert two 4-to-6 foot lengths of 2x4-inch lum­
ber through the top opening in the console <D, 

• 	 With a person stationed on the front side and 
another on the back side. USe the 2x4's to lift 
the console off and away from the pallet. 

Alternate Procedure 

• 	Tilt the console on its back, being careful not 10 
scratch the paint. 

• 	 Remove the pallet. 

Figure 2-2. Unpacking and Assembling the Console (1 of 4) 
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II INSTALLATION 	 PREPARATION FOR USE, 36OC1 SYSTEM CONSOLE 


Step 3 Prepare the front of the console for installation of 
the equipment. as follows: 

• 	 Remove the drawer retaining bracket <D. 

• 	 Cut the tie wrap from the Wrist Strap/Table Mat 
Ground POri @. bring it out through the 
opening above the small panel @. and let It 
hang free and out of the way. 

L3€D0l2 

Step 4 Prepare the rear of the console for installation of 
the equipment, as follows: 

• Open the rear door. cut the tie wraps from the 
wrfting-surface rails <D, and remove the rails 
from the console. 

• 	 Cut the lie wrap from the Line Cord @. and 
uncoil the cord. 

Figure 2-2_ Unpacking and Assembling the Console (2 of 4) 
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PREPARATION FOR USE, 36DC1 SYSTEM CONSOLE 	 II INSTALLATION 


Sten5 Prepare the Writing Surface, as follows: 

• 	 Attach the two rails as shown, using the 10132 x 
I-inch screws and #1 0 spl~-Iockwashers sup­
plied in the attach ing-parts kft. 

10132 x 1/:2 inch 
#10 !OCkwasher 
#10 f1atwasher1Q!32 )( 112 inch 

#10 iockwasher 
Install in 6 places Install in two places after 

L360003 

placing the writing surface 
into the console. 

Install the instruments as follows: 
Step 6 

• 	 Unpack the Frequen!)Y Source. and install H in 
the lower opening CD of the console. 

• 	 Push the Scurce into the console until it is flush 
with the front of the opening. 

• 	 Secure the Source using four of the panel 
screws supplied in the attaching-parts kit. 

• 	 In a like manner, install the Test Set @ and 
Analyzer @ 

• 	 Install the Wr~ing Surface by inserting ~s rails 
into the rail guides @ and pushing in until 
~s rear is flush with the front of the console. 

Figure 2-2. Unpacking and Assembling the Console (3 of4) 
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II INSTALLATION 	 PREPARATION FOR USE, 360C1 SYSTEM CONSOLE 

DETAllB 

L~6(l1;:1 

St~p 7 	 DETAil A Secure the instruments and install the intercon­
necting cables, as follows: 

• 	 Install the Retainer Clips <D on the tear of the 
Support Brackets (Detail A). Secure the three 
instruments. Use 8132 kept nuts and #8 flat· 
washers. 

• 	 Install the Control @ and Signal @ cables. 
Ensure their retaining clips (Detail B) are un· 
locked before plugging In the connectors. lock 
the retaining clips over the projecting studs on 
the analyzer and test set. 

• 	 Install the System Bus cable @. H a GPIB 
connection is also required, connect to the 
GPIB connector, below. DO NOT MATE AN 
EXTERNAL GPIB CABLE WITH THIS CON· 
NECTOR. 

• 	 Install the EXT 12) LOCK OUTPUT cable ® . 
• Connect the line Cords on the Analyzer and 

Source @ to the 8C receptical. 

• 	Secure the Writing Surface rails to the tapped 
hole in each rail guides ®. Use two 10132 x 
112·inch screws and #10 split·lockwashers from 
the attaching-parts kit 

Figure 2·2. Unpacking and Assembling the Console (4 of 4 ) 
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PREPARATlON FOR USE, 36OC2 CABINET 	 IIINSTALLATlON 

2-4 	 PREPARATION FOR USE, 360C2 
CARlNET 

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 instnIments. 
5. Cabling the instnIments. 

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 assembly of 
the console. The steps required to assembly the con­
sole are given in the pictorial in Figure 2-4. 

Figure 2-3. Attaching Parts Used for As...mbling the Cabinet 
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II INSTALLATION 	 PREPARATION FOR USE, 36OC1 SYSTEM CONSOLE 

Stefl 8 

l36CQ10 

Complete the assembly, as follows: 

• 	 Install the semirigid RF output cable CD be­
tween the Source and the Test Set 

• 	 Lay Ihe Stalic Mat onto the Wr~ing Surface. 

• 	 Snap the Wrist Strap/Ground Port @ to the 
Static Mal. 

• 	 Plug the end of the Wrist Strap Into the Wrist 
Strap/Ground Port. Cut the tie wrap and unroil 
the cable. 

• 	 Check the line voltage setting on the rear of the 
Analyzer and Source. If either differs from the 
voltage present in your area, reler to paragraph 
2-5 for instructions. 
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/I INSTALLATION PREPARATION FOR USE, 360C2 CABINET 

Table 2·2. List of Attaching Parts. Cabinet 

Name Dllscrlptlon Part No. Quantity 

(2) 
0 
0 
0 
0 
0 
0 

0 

Cord for connecting analyzer and source to ac bus. 

Signal cable having BNC female connectors on each end 18 in. long. 
Used to connect between FM 0LOCK ports on source and analyzer. 

Interconnect cable having GPIB connectors on each end. 0.5 m long. 
Used to connect analyzer to source. 

Interface cable used to connect between CONTROL ports on 
analyzer and test set. 

Interface cable used to connect between SIGNAL ports on analyzer 
and test set. 

Grey. decorative scraws used to secure the analyzer. test set. and 
source to the front panel 01 the cabinet. 

Bracket-clip assembly parts. consisting of tha following: 
Brackat-ciip usad to retain analyzer. test set. and source to the r 

ear of their individual support brackets. 
Nut. Kep. 8-32 x 0.343 inch 
Washer. #8. Flat, 0.375 inch 

RF cable between test set and source. Cable has male WIL TRON K 
Connectors™ on each end. 

800·279 

800-118 

2100-5 

800·281 

C33015·2 

900·609 

A33261 

900·336 
900·351 

B23368·2 

2 

1 

1 

1 

1 

12 

6 

12 
12 

1 
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L360020 

Step 1 Remove the cabinet from its shipping container, as 
follows: 

• 	Cut the bands <D. 

• 	 Lift off the top @. 

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

• 	 Remove the packing materials. 

Step 2 

U, L _~.Jl :I'~ "'i,<' 
I I-I 11-1"11 "II~_ 

[Q111'H+------{ 

l~@ L_~. @B 11oH1----{ 

L360009 

Install the instruments as follows: 

• Unpack the Test Set, and install it in the lower 
opening <D of the cabinet. 

• 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. 

• In a like manner, install the Source @ and 
Analyzer @ . 

Figure 2·4. Unpacking and Assembling the Cabinet (1 of 2) 
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II INSTALLATION 	 PREPARAnON FOR USE, 360C2 CABINET 

Step 3 

• 
L360005 

Secure the instrumenls and install the intercon­
necting cables, as follows: 

• 	 Install the Retainer Clips (l) on the rear of the 
Support Brackets, and Secure the three instru­
ments. Use 8/32 kept nuts and #8 flatwashers. 

• 	 Install the Control ® and Signal ® cables. 

• 	 Install the System Bus cable G(). II a GPIB 
connection is also required, connect 10 the 
GPIB connector. below. DO NOT MATE AN 
EXTERNAL GPIB CABLE WITH THIS CON­
NECTOR. 

• 	 Install the EXT 0 LOCK OUTPUT cable ® . 
• 	 Connect the Line Cords on the Analyzer and 

Source ® to the ae r&eeptical. 

Step 4 Complete the assembly. as tollows: 

~...------- ­

2@ ) 

• 	 Install the semirigid RF output cable (l) be· 
tween the Source and the Test Set. 

• 	 Check the line voltage setting on the rear ot the 
Analyzer and Source. It eHher differs from the 
vo~age present in your area, reler 10 paragraph 
2-5 for instructions. 

L360019 

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

2-5 CHANGING THE LINE VOLTAGE 

Line voltage modules are installed on tlu, Analyzer 
and Source. These modules provide for setting the 
instrument to any of four international line vol­
tages: 100,1151120, 200,2301240 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. 

Change the switch setting shown below to the clher value (110 or 220) as appropriate. 

NOTE 
For line voilaQeS lower !han 9QV 
(180V) or higher !han 121V 
(242V), UM a variac bring !he line 
voltage into the required range. 

LINE SELECTION 

Analyzer 

1. 	 Disconnect the power cord from the vottage selector a. Adjacent to the input receptacle. 
module <D and slide the cover @ down to gain ac- b. Facing toward the BNC connector bank. 
09SS to the fUSB compartment. 4. Push the FUSE PULL lever back to its normal posi­

2. 	 Pull on the FUSE PULL lever @; remove the line tion and insert a fUSB 01 the proper value into the 
luse @ and PCB board ®. fuse holder. (Fuse values for the various line vo~ 

3. 	 Using the example for 1151120 Vac below as a tages are shown on the right side of the module.) 
guide. reinstall the PC board. For the correct instal­
lation 01 this board, the desired line-vottage callout 
should be located: 

4 

5 

Source 

3 

PC BOARD INSTALlATION 
FOR 115/120 Vac OPERATION 

Fiaroue 2-5. Changing the Line Voltage Settings for the Analyzer and Source 
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II INSTALLATION 	 GPIB SE.TUP AND INTERCONNE.CTION 

2-6 	 GPffi SETUP 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 
oflhe network analyzer. 

2-6_1 	 Interface Conneetor 

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 Restrictions 

The GPIB system can accommodate up to 15 instru­
ments at anyone time. To achieve design perfor­
mance on the bus, proper timing and voltage level 
relationships must be maintained. Ifeither 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 
I!'or low EMI applications, the GPIB cable 
should be a fully shielded type, with well­
grounded metal-shell connectors 

2-6.3 	 GPm Interconnection 

The only interconnection required 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). 

2-6.4 	 GPIB Address 

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

360 OM 

2-6.5 	 Data Delimiting (CR-CRJI.F Switch) 

Data is delimited on the GPIB by either the carriage 
return (CR) ASCII charactor or both the carriage 
return and line feed (C]VLF) ASCII characters. 
Which character is used depends upon the require­
ments ofllie system controller. Most modern control­
lers can use either CR or C]VLF, while many older 
controllers require one 01' the other. Consult the con­
troller's manual for its particular requirements. 

As with the address, you can select which delimiting 
character to u.~e from ::'vlenu GP7. 

2-7 	 PREPARATION FOR STORAGE 
AND/OR SHIPMENT 

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

2-7_1 	 Preparation for Stor"dge 

Preparing the network analyzer for storage consists 
of cleaning the units, packing the inside with mois­
ture-absorbing des sic ant 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 are no longer available and the in­
struments are being returned te WILTRON for 
repair, advise WILTRON Customer Service; they 
will send new shipping containers free of charge. In 
the event neither of these two options is possible, in­
structions for packaging and shipment are given 
below. 

a. 	 Use a Suitable Container_ Obtain a cor­
rugated cardboard carton with a 275-pound test 
strength. This carton should have inside dimen­
sions ofno less than six inches larger than the in­
strument dimensions to allow for cushioning. 

b. 	 Protect the Instrument. Surround the instru­
ment with polyethylene sheeting te protect the 
finish. 

c. 	 Cushion the Instrument. Cushion the instru­
ment on all sides by tightly packing dunnage or 
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urethane foam between the carton and the in· 
strument. Provide at least three inches of dun· 
nage on all sides. 

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

e. Address the Container. If the instrument is 
being returned to W1LTRON for serviee, mark 
the WILTRON address and your return address 

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

WILTRON Company 
ATTN: Customer Service 
490 Jarvis Drive 
Morgan Hill, CA 95037-0289. 

2-16 360 OM 


-- ... .~...--------------- ­-~~~~-



SECTION III 

CONTROL (FRONT) PANEL OPERATION 


CONTENTS 

Paragraph Title Page 

3-1 INTRODUCTION ..... _ . _ ...................... 3-3 

3-2 GENERAL DESCRIPTION ........................ 3-3 

3-3 INTRODUCTION TO NETWORK ANALYZERS •............ 3-4 

3-4 GE'ITING STARTED .....•...................... 3-11 


3-4.1 General ...........•.......•.......•... 3·11 

3-4.2 Full 12 Term Calibration, Precision Broadband Termination .. 3-11 

3-4.3 Measuring Transmission ..................... 3·13 

3-4.4 Measuring Reflection ..............•........ 3·13 


3-5 INSTRUMENT OPERATION-AN OVERVIEW ...........• 3·15 

3·5.1 Power·Up Characteristics .................... 3·15 

3-5.2 Measurement Control ................•...... 3-15 

3·5.3 Data Enhancement ........................ 3·15 

3-5.4 Human Interface .......................... 3·16 

3-5.5 Stored Data ............................ 3-16 

3-5.6 External and Peripheral Interfaces .............•. 3·17 


3-6 MODEL 360 CONTROL PANEL CONTROLS .............. 3·19 

3-6.1 CALIBRATION Keys and Indicators ....•........... 3·23 

3·6.2 Calibration Menus ......................... 3·23 

3-5.3 SAVE/RECAll MENU Keys and Menus . . . . • . . . . . . . . • 3-39 

3-5.4 MEASUREMENT Keys and Menus ................. 3-41 

3·6.5 CHANNEL Keys and Menu . . . . . . . . . . . . . . . . . . . . . 3-46 

3-5.6 DISPLAY Keys and Menus .................•... 3-47 

3-6.7 ENHANCEMENT Keys and Menus . . . . . . . . . . . . . . . . . 3·55 

3-5.S OUTPUT Keys and Menus . . . . . . . . . . . . . . . . . . . . . 3·57 

3-5.9 SYSTEM STATE Keys and Menus . . . . . . . . . . . . . . . . . 3-54 

3·6.10 Disk Storage Interface and General Purpose Menus ....... 3·73 

3-6.11 MARKERS/LIMITS Keys and Menus. . .............. 3·S2 


3·7 ERROR AND STATUS MESSAGES ...... .. . • . . . . . . . . . . 3-97 

3-7.1 Message Types ......•.................... 3-97 

3-7.2 Fatal Errors . . . . . . . . _ . . . . . . . . . . . . . . . . . . . _3-97 

3·7.3 Message Definitions ........................ 3-97 


3-S DATA DISPLAYS ............................. 3·101 

3-S.1 Display Modes and Examples .................. 3·101 

3-S.2 Graph Types ..................•........ 3·101 

3-S.3 Frequency Markers . . . . . . . . . . . . . . . . . . . . . . . . 3-103 

3·S.4 Limits ......................•........ 3-105 

3·S.5 Status Display .......................... 3·105 

3·8.6 Data Display Control . . . . . . . . . . . . . . . . . . . . . . . 3-106 


3-9 MODEL 360 SYSTEM REAR PANEL CONNECTORS .........3·111 


360 OM 3·1 

----- -_...._----------------------- ­



CONTENTS (Continued) 

Paragraph Title Page 

3-10 MEASUREMENT CALIBRATION ......... . .3-123 

3-10.1 Measurement Calibration-Discussion .............. 3-123 

3-10.2 Measurement Calibration-Tutorial ...•... . ..... 3-128 

3-10.3 Measurement Calibration-Sliding Thrmination ....•. 3-130 


3-11 TRANSMISSION AND REFLECTION MEASUREMENTS .....•. 3-137 

3-11.1 Setup and Calibration Procedures and 


Measurement Options . . . . • . . . . . . . . . . • . . . . . . . 3-137 

3-11.2 Transmission and Reflection Measurement s .......... 3-139 


3-12 LOW LEVEL AND GAIN MEASUREMENTS ............•. 3-143 

3-12.1 360 System Considerations ............... . · .•. 3-143 

3-12.2 Thst Device (DUT) Considerations .. . ...... . · ... 3-146 


3-13 GROUP DELAY MEASUREMENTS ...... . · .•• 3-148 

3-14 ACTIVE DEVICE MEASUREMENTS ..... . . .3-151 

3·15 TIME DOMAIN MEASUREMENTS ...... . · ... 3·154 


3·15.1 Time Domain Measurements. Discussion · ... 3-154 

3-15.2 Time Domain Menus ........... . . ......... 3-161 


3-2 360 OM 




SECTION III 

CONTROL (FRONT) PANEL OPERATION 


INCIDENT TEST 
DEVICE 

Gain (dB) 
Insertion loss (dB) 
Insertion Phase (degrees) 

3-1 lN1RODUCTION 

This section provides control panel operating and 
measurement application information and data. !tin­
eludes subsections that describe 

1. Basic measurements and how to make them 
2. Instrument operation 
3. Error and status messages 
4. Stored data 
5. Source control 
6. Disk storage/interface 
7. Control panel controls and menus 
8. Rear panel connectors 
9. Measurement calibration 

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

3-2 GENERAL DESCR1PTION 

The Model 360 Vector Network Analyzer System 
measures the magnitude and phase characteristics of 
networks, such as filters, amplifiers, attenuators, 
and antennas. It does so by comparing tbe incident 
signal leaving tbe analyzer witb tbe signal trans­
mitted tbrough tbe test device or reflected from its 
input circuit. Figure 3-1 illustrates the types of 
measurements tbat the 360 is capable ofmaking. 

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 components required for calibration and 
performance verification. The 360 system instru­
ments perform tbe following functions: 

4. Sign4l Source 
This instrument provides tbe stimulus to tbe 
device under test. The frequency range of the 
source and test set establish tbe frequency range 
of tbe 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 tbe accuracy (especially phase accuracy) 

TRANSIaTfED 

Transmission Coefficients (S'2. S21) 
Separation of Transmission 

Components (Real and Imaginary) 
Elect,icallength (m) 
Electrical Delay (s) !Deviation from Linear Phase (degrees) 
Group Delay (s) 

i 

INCIDENT TEST I 
REFLECTE~ 

DEVICE ITER..NATlON I 

9 

Return Loss (dB) 

Reflection Coefficients (S". S22) 

Reflection Coefficients vs Distance 


(Fourier Transform) 
Impedance (R ± j X) 
SWR 

Figure 3-1. Trarumrission and R.efle<:tion Measure· 
ments 

oftbe network analyzer. Because oftbis, tbe 360 
always phase locks the source to an internal 
10 MHz crystal reference. 
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b. 	 7e8tSet 
The test set samples the incident, reflected, and 
transmitted signals. The type of test port connec­
tor used is important, as is a feature called "Auto 
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 (S-parameters). Fre­
quency conversion (1 st, 2nd, and 3rd IFs) occurs 
in the test set. 

c. 	 Analyzer 
The analyzer analyzes the 3rd IF signal for phase 
and magnitude data. It then displays the results 
of this analysis on a large (190 mm [7-112 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 
monitor. 

3-3 INTRODUCTION TO NETWORK 
ANALyzERS 

We will begin this discussion with a subject familiar 
to most WILT RON customers: scalar network 
analysis. After showing comparisons, we will proceed 
to the fundamentals of network analyzer terminology 
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 

a.. 	 Scalar 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 characteristics, its usefulness would be 
limited. While phase measurements are impor­
tent 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 also 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 NElWORK ANALYZERS 

MICROWAve MICROWAVE OElECTOR 
SIGNAL DETECTOR OUTPUT 

VOLTAGE 

DETECTOR OUTPUT VOlTAGE' IS PROPORTIONAL 
TO fUGNAL AMPlITUDE. 

Figure 3-2. Soalar Analyzer 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 employs 
(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 directly by a tuned receiver. The tuned 
receiver approach gives the system greater 
dynamic range. The system is also much less sen­
sitive to interfering signals, including harmonics. 

b. 	 Vector Network Anal,)'ller Basics 
The network analyzer is a tuned receiver (Figure 
3-3). The microwave signal is down converted 

A NElWOflK ANALYZER IS A TUNED RECEIVER 

MICRO­
WAVE 
SIGNAL 

.......... 

• GREATER DYNAMIC RANGE 

INTERMErnATE 
-FREQUENCY 

( IF) 

• LESS SENSITtVlTY TO INTERFERING SIGNAlS 

...." 
Figure 3-3. Network Analyzer Is a Tuned Receiver 
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into the passband ofthe IF. To measure the phase 
of this signal, we must have a reference to com­
pare it with. If the phase ofa signal is 90 degrees, 
it is 90 degrees different from the reference sig­
nal (Figure 3-4), The network analyzer would 
read this as -90'. since the test signal is delayed 
by 90' with respect to the reference signal. 

PHASE MEASUREMENT 

1"-90'· 

REFERENCE 
SLGNAlrVv 
TEST 
SIGNALIvv 

TIME---. 

Figure 3-4. Signals with" 90' 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. 

REFERENCE~ TEST 
SIGNAL PHASE SIGNAL 

DETECTOR I
MICROWAVE 

SOURCE 

Sl'LnTER 

360013 

Figure 3-S. Splitting the Microwave Signal 

Let us consider for a moment thatyou 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 ofthe reference signal. 
Now letus see how this affects our measurement. 

360 OM 

REFERENCE TEST 
SIGNAL PHASE SIGNAl 

DETECTOR 

>--U;~~J SPLITTER 

Figure 3-6. Split Signal Where Ii Length of Line 
Replaces the DUT 

Assume that we are making a measurement at 
1 GHz and that the difference in path-length be­
tween the two signals is exactly 1 wavelength. 
This means that test signal is lagging the 
reference signal by 360 degrees (Figure 3-7). We 
cannot really tell the difference between one sine 
wave maxima and the next (they are all identi­
cal), so the network analyzer would measure a 
phase difference of 0 degrees. 

REFERENCE r----., TEST 
SIGNAL PHASE SIGNAL 

DETECTOR 

SPLITTER 
t,

LONGER BY 

ONE WAVELENGTH 
 'i 

LENGTH (360 009"""') ,------------"'" 

360015 

Figure 3·7. SpJi t 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 analyzer 
will display this phase difference as -36 degrees. 
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REFERENCE TEST 
SIGNAL PHASE .~AL 

DETECTOR 

& -AAA SPLITTER
-"vAvAv SAME PATH •VVy , 

LENGTH -BUT­ ,, 
WAVELENGTH 

, 
I 

IS NOW SHORTEN)
-------------" 

1.1 WAVELENGTHS = 396degree$ 

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

The test signal at 1.1GHz 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 wiJl get a reading of -72 degrees, 
-108 degrees for 1.3 GHz, etc (Fignre 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 
ofthe reference arm with that of the test arm in 
order to make an appropriate measurement of 
phase vs frequency. 

1.1 1.2 1.3 1.4 

~-+---r--+---t--- FREQUENCY, GH 

-180 0 

Figure 3·9. Electrical Delay 

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

There are two ways of accomplishing this. The 
most obvious way is to insert a length ofline 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 constant phase as we change the 
frequency. The problem using this approach is 
that we must change the line length with each 
measurement setup. 

REFERENCE ~ TEST 
SIGNAL PHASE SIGNAL 

MICROWAVE 
SOURCE 

DETECTOR 

SPUTTER 

BOTH LINE 
LENGTHS 
NOW EQUAL 

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

Another approach is to 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 a 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. 

0" 

U 1.2 1.3 1.4 


...... 1 1 
 FREQUENCY. GHz 

__ SUBTMCTLlNEAR 
PHASE FROM

-100 '1 MEASURED PHASE 

....,. 

Figure 3-11. Phase Difference Increases Linearly 
with Changes in 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°-,.. 

~ +1·_f-
Q. 1.1 1.3 1.4 

~ 	 o· I~-r"-~'~'f- FREQUENCY. GHr-o-iii;;f;..
;5 1'.2 ~ 

:5 -1°-1­
m 
CC_2 °-f-

Figure 3-12. Resultant Phass With Path Length 

Compensation In Place 


c. 	 Network Analyur Measurements 
Now let us consider measuring the DUT. Con­
sider a 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 charac­
teristics at either end with the other end ter­
minated into SO ohms. 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 

...... 
Figure 3-13. Forward and Reverse Measurements 

360 OM 

Second, we can measure the forward and reverse 
transmission characteristics. However, instead 
of saying "forward", "reverse", "reflection", and 
"transmission" all of the time, we use a short­
hand. That is all that S-Parametere are, a short­
hand! The OS" 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. 811, therefore, is the signal 
being injected into port 1 relative to the signal 
leaving port 1. The four scattering parameters 
(Figure 3-14): 

• 811 Forward Reflection 
• 821 Forward Transmission 
• S22 Reverse Reflection 
• 812 Reverse Transmission 

521 FORWARD TRANSMISSION 

PORT 1 PORT 2 

511 FORWARD 

512 REVERSE TRANSMISSION 

Figure 3-14. S-Parameters 

8-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 inagnitUik. 

We can display phase as "linear phase" (Figure 
3-1S). As discussed earlier, we can't tell the dif­
ference between one cycle and the next. There­
fore, after going through 360 degrees we are 
back to where we began. We can display the 
measurement from -ISO to +lS0 degrees. The­
lS0 to +lS0 approach is more common. It keeps 
the display discontinuity removed from the im­
portant 0 degree area used as the phase 
reference . 
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The size and polarity of the reactive component x 
is importent in impedance matching. The best 
match to a complex impedance is thecomprex con­
jugate. This complex-sounding term simply 
means an impedance with the same value ofr and 
x, but with x ofopposite polarity. This term is best 
analyzed using a Smith Chart (Figure 3-17), 
which is a plot of rand x. We will discuss Smith 
Charts in greater detail in paragraph 3-14. 

~ "~]t t\. t\. 

b: -180 0 'J'J'\ 

FREQUENCY 

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 metbod 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 ofeach device's polar dis­
play. 

POlAR DlSPLA'(... 

... .. 

.' ...... 
Figure 3·16. Polar Display 

As we have discussed, the signal reflected from a 
DUT has both magnitude and phase. This is be­
cause the impedance of the device has both a 
resistive and a reactive term ofthe form r+jx. We 
refer to the"T" as the real or resistive term, while 
we call "x" the imaginary or reactive term. TheUj", 
which we sometimes denote as "i: is an imagi­
nary number. It is the square root of -1. If x is 
positive, the impedance is inductive, ifx is nega­
tive the impedance is capacitive. 

SMITHCHAAT 

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

d. 	 MeasureT1U!nt Error Correction 
Since we can measure microwave signals in both 
magnitude and phase, it is possible to correct for 
six major error terms: 

• Source Test Port Match 
• Load Test Port Match 
• Directivity 
• 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 a vector 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. 

..... GNITUDE AND PHASE Of 
EACH ERRDR SIGNAL IS MEASURED 

THENTH£ RESULTANT VECTOR IS 

APPLIED MATHEMATICAllY. HENCE 


VECTQR fAROR CORRECTIQN 


Figure 3-18. Magnitude and Phase Measurements 

e. 	 Thst Sets 
We have now learned about reference delay. We 
have discussed S·Parameters. We know what 
they are, how to measure them, and how to dis­
play them. We have also learned a little about 
vector error correction. Let us now turn to the 360 
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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. 

"."" 
Figure 3-19. WILTRON Reversing Test Set. 

Note that the coupler on Port 2 is aligned dif­
ferent from the coupler on Port 1. The through­
line ofthe 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 
measurements. 

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 te the two revers­
ing models. The exception is a third step at­
tenuator located in the forward transmission line 
just ahead of the sampler. This step attenuater 
provides for measuring devices with output 
powers greater than -lOdBm. This additional 
step attenuater can be used te reduce the power 
into the forward transmission measurement 
sampler. Reverse transmission and output match 
measurements are unaffected by the step at­
tenuater. The input match and attenuation of the 
step attenuator is measured and stored with the 
calibration data during the calibration process. Figure 3-20. WILTRON Active Device Test Sets 

360 OM 3-10 



ttl CONTROL PANEL OPERATION 	 GETTING STARTED 

34 	 GE'ITlNG 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: transmissiori 
and reflection. 

34.1 	 General 

. q. Equipment Needed 
360 Network Analyzer 

3610 Test Set 

3608847 Source 

3650 CalFGt 

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. 

c. 	 Backup the System Diskette 

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

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

SYSTEM STATE 

DEFAULT UTILITY 
PROGRAM 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 

BE] 

Figure 3-22. MENU Keys 

4. Select GENERAL DISK UTILITIES when Menu 
Ul, Utility Menu appears. 

5. 	 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 3653 Calibration FGt. 

2. 	 Press the UTILITY MENU key. 

3. 	 Select CALIBRATION COMPONENT 
UTILITIES when Menu U1, Utilities Menu ap­
pears. 

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 
(SMAlMl, SMA[F], K-CONN[Ml, 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 your Open or 
Short device is correct for the component in 
your kit 

3-4.2 	 Full 12 Thrm Calibration, Precision 
Broadband Thrmination 

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 3670A50, to Port 2 on 
the Test Set. We will refer to the unterminated 
end of this cable as Port 2 for all calibration and 
measurement steps. 
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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 
• 	 12TERM 

.1 PATH 

2 PORT 


• 	 FREQUENCY LAPPLY J
CAL .RESPONSE 

• 	 REFLECTION 

ONLY 


• 	 NONE 

Figure 3-23. 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. 

5. 	 Set to 0.5-18 GHz when Menu C2, Frequency 
Range OfCalibration appears. 

6. 	 Select CHANGE PORT 1 CONN when Menu 
C3, Confirm Calibration Parameters appears. 

7. 	Select GPC-7 when menu C4, Select Connec· 
tor Type appears. 

8. 	Select CHANGE PORT 2 CONN when Menu 
C3 re appears. 

9. 	 Select GPC-7 when menu C4 reappears. 
10. Select CHANGE LOAD TYPE when Menu C3, 

reappears. 
11. 	Select BROADBAND LOAD when Menu C6, 

Select Load Type appears. 

12. Select START CAL when Menu C3 reappears. 

13. 	 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 
calibration because of an undetected error­
such as, a poorly mated connectron. 

14. When Menu C10, Calibration Sequence Com· 
pleted appears, you can choose to store the 
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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). 

SAVEl 

RECALL 


MENU 

Figure 3·24. SAVEIRECALL MENU Key 

16. Select 	 SAVE when Menu SR1, Save/RecaU 

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 GPl·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. 

c. 	 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 averagiug 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 penor. 
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mance. However, reducing Video IF bandwidth 
and increasing the number of averages causes 
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. 

3-4.8 Measuring Transmission 

Now let us consider the effect ofcalibration on trans­
mission measurements. Press the APPLY CAL key, 
to turn off the calibration. Leave the through line 
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). 

( SETUP r..X'MUU. ( DATA)
MENU NORMAL. POINTS 

MINIMUM. 

BB~ 

. Figure 3-25_ CHANNELS, MEASUREMENT, 

DISPLAY, and ENHANCEMENT Keys 


2. 	 Select SINGLE DISPLAY when Menu OM, 
Select Display Mode appears. 

3_ 	 Press the CH3 key. 

4. 	Press the S PARAMS key. 

5. 	 Select S21 FWD TRANS when Menu SP, 
Select S-Parameter appears. 

6. 	 Press the GRAPH lYPE key. 

7. 	Select LOG MAGNITUDE AND PHASE when 
Menu GT1, Select Graph '!Ype appears. 

360 OM 

8. 	 Press the AUTOSCALE key. 

9. Notice the sawtooth pattern of the phase dis­
play. This represents the phase shift resulting 
from the physical difference in length between 
the reference arm and the S21 test arm. 

10. 	Press the APPLY CAl key to apply the calibra­
tion. 

11. 	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. 

12. 	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 ofboth the calibration and 
the calibration components. 

13. 	Press the AUTOSCALE key. 

14. 	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.. 
(c) 	 Pross the XI tenninalOr key (Figure 3-26) . 

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

MHzI Xt J 
tn. I"'" 

Figure 3-26. Xl Terminator Key 

(d) 	Press the AVERAGE key 10 enable the Averag­
ing Function. 

3-4.4 Measuring Reflection 

Now let us consider the effect ofcalibration on reflec­
tion measurements. 

1. 	Press the APPLY CAL key (Figure 3-22) to dis­
able the calibration. 
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2. Press the AVERAGE key (Figure 3-27) to dis­
able the Averaging Function. 

~ 
E) 
~~ 
~~ 

Figure3·27. CHANNELS. MEASUREMENT. 

DISPLAY. and ENHANCEMENT Keys 


3. Remove the throughline. 

4. 	 Connect the broadband load to Port 1. 

5. 	Set the start frequency to 2 GHI:, as follows: 
(a) Press the SETUP MENU key . 
(b) 	Change the START frequency to 2 GHz and 

press ENTER. when Menu SU1. Sweep 
Setup appears. 

6. 	 Set up the 360 to measure 811 (return loss) as 
follows: 
(a) 	Press the CHANNEL MENU key. 
(b) 	Select SINGLE DISPLAY when Menu eM, 

Select Display Mode appears. 
(c) 	 Press the S PARAMS key. 
(d) Select S11 FWD REFL when Menu SP, Select 

S-Parameter appears. 
(e) Press the CH1 key. 

(0 Press the GRAPH 1YPE key. 

(g) 	Select LOG MAGNITUDE when Menu GTl. 

Select Graph 1YPe appears. 

7. 	 Press the AUTOSCALE key. 

S. 	 Using Marker 1 and the Readout Marker fea· 
ture, find the worst case retum loss as fol. 
lows: 

MARKERSIUMITS 

EJ 
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. when Menu MI. Set Markers ap· 
pears. 

(c) 	 Press the READOUT MARKER key. 
(d) Choose 	MARKER TO MAX and press the 

ENTER key. when Marker M4. Readout 
Marker appears. 

9. 	This ends this tutorial. 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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a·1S INSTRUMENT OPERATION-AN 
OVERVIEW 

a·lS.1 Power-Up Characteristics 

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. Ifneither 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 
fault, it shuts the system down and displays an error 
message. (A system fault is one that occurs in the 360, 
the test set, or the source.) If the program detects a 
fault in a peripheral device (such as the printer), it 
does not shut the system down. It only displays an 
error message. 

a·IS.2 Measurement Control 

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

a. 	 Start and Stop Frequencies 
Start and stop 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 360SSXX 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 range when the calibra­
tion is applied. 

360 OM 


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

a-li.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 Response, 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 
calculated. The sweep then stops at each frequen­
cy 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 defhults to 128. You 
may reset it to any other value, however. 

e. 	 Smoothing 
You can smooth (amplitude only) measurement 
variations over a frequency span of from 0 to 20 
percent of the sweep. The smoothing process uses 
a raised Hamming window to average the data 
from a span of frequencies. For example, in 
Figure 3-29 if the program averages all data 
points from A to B to give point X, then the 
average of all points from A+1 to B+l is X+1. 

A x B 

-+ 1!2N% 1I2N% _ 

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 comparingit with another like item. To 
normalize data means to add, subtract, multiply, 
or divide it by standard data taken earlier and 
stored in memory. When the measured dats 
taken from the two components are the same, the 
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360 displays a straight line. If they differ, 
however, it displays the degree of departure ofthe 
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 control 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. 
• 	It 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. 	 Chan1U!1 Concept 
The 360 has four measurement channels thatyou can 
display simultaneously, individually, or in pairs. You 
can display a different S-Parameter on each channel. 
Or, you can display the same S-Parameter on one or 
more channels. You can control the four channels 
separately for some functions and parameters, while 
others must be the same for all channels. The 
parameters that can be different for the different 
channels are as follows: 

• Graph-Type (Rectilinear, Polar, 	Or Smith 
Chart) 

• Amplitude Scales 
• Reference Delay Setting 
• 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 
• 	 IF Bandwidth 
• Smoothing 
• Marker Frequencies, Times, Distances 

b. 	 DispiayofMe8sages 
The 360 displays on-screen text giving error and 
other messages. This text concisely states the 
condition causing the message, specifies an ac­
tion needed, or both. 

c. 	 Aetive Parameter 
The active parameter is the only one thatyou 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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en ter. (You enter a parameter using the keypad 
or knob and end it using one of the Terminator 
keys [Figure 3-39, Index 11)). 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 Data 

The 360 can store control 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, OnJOfflValues) 
• Minimum and Maximum Values 
• Selected S-Parameter 
• DisplayTYPe 
• Active Channel 
• Display Mode 
• S-Parameter For Each Channel 
• Blank Frequency Display Active, Color Plane 
• Reference Delay 
• Dielectric Used 
• Dielectric Constant 
• Normalize Mode 

b. 	 Measurement Parameters 
• 	Start ofSweep 
• 	End of Sweep 
• Source Power and Attenuator Settings 
• Frequency Resolution 
• Device-Under-Test ID 

c. 	 Enhancement 
• Smoothing Enabled 
• Averaging Enabled 
• Smoothing % of Sweep 
• Number ofPoints Averaged 
• 	 IF Bandwidth 

d. 	 Output 
• 	TYPe ofOutput 
• Options Enabled (Model, Device ID, Date, 

Operator) 
• Resolution 

e_ 	 Calibration 
• Size 
• Frequencies 
• Port Connector TYPes 
• Calibration TYPe 
• Correction TYPe 
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• LoadType 
• Capacitance Coefficient for Connector 
• Connector Offset Length for Each Port 

f. 	 Miscellaneou8 
• Markers (Enabled, On/Off, Values) 
• Delta Reference Mode 
• Marker Frequencies, Times, Distances 
• GPIB Addresses and Termination Unit 

g. 	 Disk Identification 
• Calibration File Name 

h. 	Control 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 tum 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. 

i. 	 Normalization Memory 
The 360 can store up to four channels of nor­
malization data (S-Parameter measurements) in 
volatile RAM. To prevent the loss of this data 
when you turn the system off, you may also save 
it to the disk. 

j. 	 Mea8ured Data 
You can also save measured data on the disk. The 
360 stores it as ASCII-encoded text. The fonnat 
is the same as that used for the tabular printout. 
This feature lets you make a computer analysis 
of the measured data, provided your computer 
has a compatible disk drive. 

k. 	 Calibration Data 
The 12·tenn 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 results. in 
96 bytes per point, or 48 KBytes for a 501 porot 
calibration. 

3-5.6 External and Peripheral Interfaces 

a. 	Microfloppy Disks 
The 360 employs an integrally moun ted disk 
drive for 3-112 inch microfloppy disks. 

b. 	 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 a menu. 

GPIB Specifications are as follows: 
• Interface: 

-	 IEEE-48S standard GPIB. 
• 	System Interface: IEEE-488 port used ex­

clusively by the 360 to control and extract in­
formation from a Model 360SSXX frequency 
source. 
- Addressing: Controller is address = 0 and 

source is address = 5. Address are settable 
bymenu ; for the 360SSxx, it is also settable 
from the rear panel. 

-	 Speed: 200 ~us cycle (device dependent). 
-	 Interface Function codes: SHl, ARl, T8, 

TEO, lA, LEO, SRO, RLO, PPO, DTO, DCO, Cl, 
C2, C3, cn 

• 	 860 GPffi (System Control or Slave): 
- Interface: IEEE-48S standard GPlB. 
- System Interface: IEEE-488 port bywhich an 

external controller may take control of the 
360. The controller can perfonn all control 
panel operations. 

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

c. 	 Parallel Printer Port 
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 i~et printer. The output can be any ofthe 
following. 

1. 	A full·screen dump. 

2. 	 A data-display dump that does not reproduce 
the manu. 

3. A tabulated listing ofthe data. 
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d. 	 'lhst 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 outputs, as follows: 

1. 	Composite Monochrome Output. This output 
has rear-panel screwdriver 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, 1TL 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 video signals are 
nominally either .TTL levels or 1-volt, zero-to­
peak-into-75-ohm levels. The signals appear 
on a dedicated 15-pin "D" subminiature con­
nector mounted on the rear panel. The com· 
posite video is also available on an RCA·l<¥Pe 
phono connector. 
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3-6 MODEL 360 CONTROL PANEL CONTROLS 

The 360 control panel controls are shown and described in Figure 3-30. 

~ MODEL 360 NETWORK ANALYZER 

LINE GPIB CAliBRATION o,jENU 

.",.uo" 
oEl ::::::@J 

BEl6J 
ENHANCEMENT 

o 
(2) LINE ON/OFF: Turns the 360 on and off. When 

pressed to ON, the program runs a seW test then 
recalls the parameters and functions in effect when 
powered down last. 

GPIB Indicators 
REMOTE: Lights when the 360 goes under GPIB 
control. H remains lit until the unit returns to local con­
trol. 

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

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

SRC: Lights when the 360 requests service from the 
controller (sends out a SRO). The LED remains I~ 
until the 360 receives a serial poll or until the control­
ler resets the SRO function. 

aBB 
BB 

DISPLAY 

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

fa' 	SAVE/RECALL MENU: Displays the first of three­
\J	menus that let you save the current calibration or 

control panel setup or recall a previously saved 
calibration or setup. 

f;\ 	BEGIN CAL: Calls up the first in a sequence of
\J	menus that guide you through a measurement 

calibration. Refer to paragraph 3-8.1 for a detailed 
discussion of the calibration keys, indicators, and 
menus. 

fs'\ CALIBRATION Indicators: Shows the calibration 
\J state of the 360. 

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

Figure 3-30. Model 360 Control Panel Controls (Sheet 1 of 4) 
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MOOEL 36U NETWORK ANALYZER 

§H:J3 
BR 

:J'$PLAY 

@]@] 
[::::;]~ 

~ ::::~ 
BEl EEl 

ENI-<ANCEMEIllT 

DOG] 
0808 

f";\ MENU: The t key moves the menu cursor up and 
\:...) the ~ key moves it down to select between entries 

appearing in the menu area ot the CRT. 

r;;\ ENTER: Implements the menu selection chosen 
V using the MENU arrow keys. 

f;\ ROTARY KNOB: Used to aller measuremenl
'V values lor the active parameter (Start Frequency. 

SlOp Frequency. Offset. etc). 

DISPLAY Keys 
GRAPH TYPE: Displays either 01 two menus thaI let 
you choose the Iype 01 display and ils s'parameler 
thaI appears tor the active channel. 

SET SCALE: Displays the appropriate scaling 
menu. based on Ihe Iype of graph and its S· 
parameter being displayed for Ihe active channel. 

AUTO SCALE: Automatically scales the active 
channel lor optimum viewing. 

S PARAMS: Displays Menu SP. which leIs you 
choose belween S11. S,2. S21. or S22. You may dis· 
play the same parameler on lwo or more channels. 

REF DELAY: Displays Ihe firsl of two menus Ihallel 
you enler a reference-delay in lime or dislance. For 
a correct dislance readOut. you must sellhe dielectric 
conslant to Ihe correct value. Refer to the discussion 
in Menu RD2 (Figure 3-82). 

TRACE MEMORY: Displays a menu that lets you do 
one of the following. (1) Store the measured data in 
memory. (2) View the stored data, (3) Add. subtree!, 
multiply, or divide the measured data from the stored 
data (normalize to the stored memory). (4) View both 
the measured and the stored data simultaneously on 
Ihe active channel. Four memories exist-one for 
each channel. This leIs you normalize the dala in 
each channel independently. The LED on Ihis button 
lights only when Ihe active channel 1$ displaying 
measurement dala normalized 10 memory. 

Figure 3·30. Model 360 Control Panel Controls (Sheet 2 of 4) 
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o KEYPAD: Provides for entering values lor the active DISK DRIVE: Provides a drive forthe 3-t/2 inch flop­
V parameter. The active parameter is the one to which py disk used to store both the operating system and 

the menu cursor is pointing. 

Q 	 ENHANCEMENT Keys and LED 
V 	 IF BW: Cycles between NORMAL, REDUCED, and 

MINIMUM intermediate Irequency (IF) bandwidths. 
The appropriate Indicator lights to display the 
selected value. 

AVG/SMOOTH MENU: Displays a menU that lets 
you enter values lor AVERAGING and SMOOTH­
ING. 

OPTION MENU: Displays a menu showing the 
choice 01 options installed. (This key is not active un­
less you have options other than Time Domain in­
stalled.) 

TRACE SMOOTH: Turns the Irace smoothing func­
tion on and off. 

AVERAGE: Turns the averaging function on and off. 

t:;;"'. 	Terminator Keys 
V 	 GHzl1031j.1S1m: Terminates a value entered on the 

keypad in the units shown-that is; gigahertz for Ire­
quency, 1 XI 03 power lor dimensionless or angle 
entries, microseconds lor time, or meters for length. 
MHzlXlinslcm: Terminates a value entered on the 
keypad in the unfts shown-lhat is; megahertzlo'fr.... 
quency, unity for dimensionless or angle entries, 
nanoseconds for time, Or centimeters for length. 
kHzl1rl pslmm: Terminates a value entered on 
the keypad in the units shown-that is; kilohertz lor 
frequency, 1 XI 0-3 power lor dimensionless or angle 
entries, picoseconds lor time, or millimeters for 
length. 
CLEAR/RET LOC: 
a. 	Local (Non-GPla) Mode: (1) The key clears 

entries not yet terminated by one 01 the lerminator 
keys above, which allows the previously dis­
played values to redisplay. Or (2) the key turns 
off the displayed menu, il you have not made any 
keypad entries needing termination. 
GPla Mode: The key returns the instrument to 
local (control panel) control, unless the controller 
has sent a local lockout message (LLO) over the 
bus. 

the selected front panel setups and calibrations. 
Refar to paragraph 3-6 for a datailed description. 

OUTPUT Keys 
MENU: Displays option menus that let you define 
what will happen each time you press the START 
PRINT key. The displayed menu also selects disk 
110 operations. 

START PRINT: Tells the printaror pl01lerto start out­
put based on the current selections or plo1ling. 

STOP PRINT: Immediately stops printing the dala. 
clears the print buffer, and sends a form-feed com­
mand to the printer. However, if the printer is not then 
printing data, the key only sends a form-feed com· 
mand. 

t;;\ 	MEASUREMENT Keys and LED 
V 	 SETUP MENU: Displays the first ofthree menus that 

let you enter startlstop frequencies, source power, 
and a1lenuatian values. 

DEVICE 10: Displays a menu asking you to name 
the lest device. 

DATA POINTS: Cycles between maximum, normal, 
and minimum resolution values. The appropriate 
MAXIMUM, NORMAL, or MINIMUM switch indicator 
lights to display the selected value. 

DOMAIN: Displays the first of the menus that let you 
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 to the first menu in the seq"ence. 

(2) If in the DOMAIN menus and another (non-time 
domain) menu is displayed by pushing a menu 
key, the last displayed time domain menu 
redisplays when the DOMAIN key is next 
pressed. 

HOLD: Toggles the instrument in and out of the hold 
mode ortriggers a sweep, depending on the function 
selected in menu SU4. 

Figure 3·30. Model 360 Control Panel Controls (Sheet 3 of 4) 
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G";;;;~.J' MODEL 360 NETWORK ANALYZER 

t:;;\ SYSTEM STATE Keys 
V DEFAULT PROGRAM: Resets the control panel to 

the factory-preset state and displays Menu SU 1. 
r··· ................ .., 
'CAUTION'I •••....... _:.J 

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

UllL1TY MENU: Displays the lirsl In a .eries of 
menus that let you perform diskette and other utility­
type functions and operations. 

t:;;;\ MARKERS/LIMITS Keys
V MARKER MENU: Displays the first in a .eries of 

menus Ihat let you sel and manipulate marker fre­
quencies, times, and distances. 

READOUT MARKER: Displays a menu that lists all 
of the active markers. Hno markers are active, the 
message "NO ACTIVE MARKERS· displays for four 
seconds in the message area of Ihe screen. 

DISPLAY 

~@:iJ 

B@Js 

ENHANCEMem 

D 

LIMITS: Displays one of the menus that let you 
manipulate the Limit t and Limij 2 lines displayed on 
the CRT. 

r.;9\ CHANNELS Keys 
V CHANNEL MENU:Dlsplays a menu that lets you dis­

play format for the channels. 

CH 1 :Makes Channel I the active channel. The ac­
live channel is the one acted on by the keys in the 
DISPLAY section. Only one channel can be active at 
anyone time. 

CH 2: Makes Channel 2 the active channel. 

CH 3: Makes Channel 3 the active channel. 

CH 4: Makes Channel 4 the active channel. 

r;;)\ CRT Display: Displays any or all of Ihe four
V measurement channels. 

Figure 3-SO. Model 360 Control Panel Control. (Sheet 4 of 4) 

3-22 360 OM 




11/ CONTROL PANEL OPERATION 	 CALIBRATION KEY AND MENUS 

3-6.1 CALIBRATION Keys and Indicators 
(Figure 3·31) 

CALIBRATION 
FULL 

.12 TERM 
1 PATH 

.2 PORT 
I BEGINCAL I .~~~~g~~~Y 

• §~L~ECTION 

• NONE 

•APPLY 

CAL 


Figure 3·31. CALIBRATION Keys and Indicators 

a. 	 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. 

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

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

NOTE 

Choosing this 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 (EDF, ESF, ERF, 
and ETF). 

FREQ RESPONSE: You have corrected for one or 
both of the forward-direction error terms as­
sociated with a measurement OfSll and 821. This 
is a subset of the 12-term calibration . 

REFLECTION ONLY: You have corrected for the 
three error terms associated with an 811 
measurement (EDF, ESF, and ERF). This is a sub­
set ofthe 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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E)(F 

RFIN 

RF IN 

12·Term 

PORT 2PORT I PORT 2 PORT I 

RFIN 

1 Palh·2 Port Terms Frequency Response - Transmission Only T arms 

EOf 

PORT I PORT 2 

RFIN RFIN 

SnM 

Frequency RII:sponsE. - Ral'lectioh Only Terms 

Figure 3-32. Error Models 
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MENU DESCRIPTION 

SELECT 
CALIBRATION 
DATA POINTS 

NORMAL 
(501 POINTS 

MAXIMUM) 

Selects the standard calibration from a start to a stop frequency that 
provides for up to 501 equally spaced(except the last) points of data for 
the defIned frequency range. A flowchart of the calibration sequence is 
shown in Figure 3-40. 

C.w. 
(1 POINT) 

Selects the single frequency (C.W') calibration sequence that provides 
for 1 data point at a selected frequency. 

N-DISCRETE 
FREQUENCIES 
(2 TO 501 
POINTS) 

Selects the discrete frequency calibration mode that lets you input a list 
of up to 501 individual data point frequencies. 

TIME DOMAIN 
(HARMONIC) 

Selects the calibration mode for low-pass time-domain processing. 

PRESS <ENTER> 
TO SELECT 

Pressing the ENTER key implements your selection. 
i 

I 
Figure 3·34. Menu Ct, Select Calibration Data Points 
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MENU 


FREQ RANGE OF 

CALIBRATION 


START 
XX,XXXXGHz 

STOP 
XX.XXXX GHz 

XXX DATAPTS 
USING ABOVE 
START AND STOP 
XXX.X MHz 

STEP SIZE 


NEXT CAL STEP 

PRESS <ENTER> 
TO SELECT 

Enter the sweep-start frequency for calibration, If you desire, you can 
change this frequency for your meaurement when you reach Menu SUI, 
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, 

Enter the sweep-stop frequency for calibration. Like the start frequen­
cy, 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 calibration frequency span, 

The program automatically sets the step size, based on the selected start 
and stop frequencies. The step size will be the smallest possible Oargest 
number of points up to a maximum of 50l), based on the chosen 
frequency span. 

Displays the next menu in the calibration sequence, 

Pressing the ENTER key implements your menu selection. 

Figure 3-35. Menu C2, Frequency Range of Calibration 
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MENU 


INSERT 

INDIVIDUAL 


FREOUENCIES 


INPUTAFREO 
PRESS <ENTER> 
TO INSERT 

NEXTFREO. 
XX.XXXXXX GHz 

xxx FREOS. 
ENTERED, 
lAST FREO WAS 
XX.XXXXXX GHz 

AUTO INCR ON (OFF) 
XX.XXXXXX GHz 

PREVIOUS MENU 

PRESS <ENTER> 

TO SELECT 


OR TURN ON/OFF 


DESCRIPTION 


Move the cursor here and enter the next frequency for which you wish 
calibration data taken. lfthe AUTO INCR option is ON, pressing ENTER 
automatically increments the calibration frequency by the interval in 
GHz that appears the option. 

Shows the number of frequencies that you have entered and reports the 
value of the last frequency entered. 

Move the cursor here and press ENTER to switch the Auto-Increment 
mode on or off'. IfAUTO !NCR is on, you may enter the frequency spac­
ing. 

Displays C2D Menu. 

Pressing ENTER will cause actions as described above. 

Figure 3-36. Menu 02A, Insert Individual Frequencies 
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MENU DESCRIPTION 

SINGLE POINT 
CALIBRATION 

C.W. FREQ 
XX.XXXXXX GHz 

FINISHED 
ENTRY, NEXT 
CAL STEP 

INPUT FREQ AND 
PRESS <ENTER> 

TO SELECT 

Move cursor here and enter the frequency for ,Which calibration is to be 
done. 

Move cursor here and press ENTER when finished .. 

Input the frequency value and press the ENTER key. 

Figure 3-37. Menu C2B, Single Pomt Calibration 

MENU DESCRIPnON 

CALIBRATION 
RANGE 

HARMONIC CAL 
FOR 

TIME DOMAIN 

START (STEP) 
XX.XXXXXX GHz 

APPROXSTOP 
XX,XXXXXX GHz 

USING ABOVE 
START AND STOP 
WILL RESULT IN 
XXX DATA 
POINTS AND 
XX.XXXXXX GHz 

TRUE STOP 

NEXT CAL STEP 

PRESS <ENTER> 
TO SELECT 

Move cursor here to enter the desired start frequency. This frequency 
also will be used as the frequency increment. 

Move the cursor here to enter the approximate desired stop frequency. 
The frequency will be atljusted to the nearest harmonic multiple of the 
start frequency. 

The program automatically indicates the number of data points and the 
true (harmonic) stop frequency. 

Move the cursor here and press ENTER when finished. 

.Figure 3-38. Menu C2C, Cahbration Range-HarmOniC Cal for Time Domam 
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MENU DESCRIPTION 

FILL FREQUENCY 
RANGES 

INPUT START, 
INCR, POINTS, 
THEN SELECT 
"FILL RANGE" 

STARTFREQ 
0.5000 GH.: 

INCREMENT 
O.1004GH.: 

NUM OF PTS 
82. POINTS 

STOP FREQ 
XX.XXXX GH.: 

FILL RANGE 
(ENTERED) 
82 FREQS 

INSERT 
INDIVIDUAl 
FREQUENCIES 

FINISHED 
ENTRIES, NEXT 
CAl STEP 

PRESS <ENTER> 
TO SELECT 

This menu is used to create one or more ranges of discrete equally 
spaced frequency points for calibration. 

Enter tbe first frequency of tbe range. 

Enter tbe increment (step size) between one frequency and tbe next. 

Enter tbe number of frequency points in the range. 

Moving tbe cursor here and pressing ENTER fills the range and shows 
tbe number of frequencies selected (in NUM OF PTS above). 

Calls Menu C2A, which allows you to set tbe individual frequencies. 

Calls Menu C3, the next menu in tbe calibration sequence. 

Pressing tbe ENTER key implements your menu selection. 

Figure 3-39. Menu C2D, Fill Frequency Ranges 
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MENU 

CONFIRM 

CALIBRATION 

PARAMETERS 


PORT 1 CONN: 
SMA(M) 

PORT 2 CONN : 
SMA (F) 

LOADlYPE 
(BROADBAND) 

CHANGE 
PORT 1 CONN 

CHANGE 
PORT 2 CONN 

CHANGE 
LOADlYPE 

START CAL 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

Displays the connector type for which the calibration is set to correct. 
This should agree with the connector type that both your calibration 
components and the test device mate with. 

Displays the type of load (termination) that you will use in the calibra­
tion. If you wish a different type, press the ENTER key to display Menu 
C4). 

Move cursor to appropriate line and press ENTER to change connector 
type. 

Move cursor to appropriate line and press ENTER to change connector 
type. 

Move cursor to appropriate line and press ENTER to change load type. 

Starts the calibration sequence. 

Pressing the ENTER key implements your menu selection. 

Figure 3-40. Menu C3, Confirm Calibration Parameters 
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MENU 

CONFIRM 

CALIBRATION 

PARAMETERS 


LOADlYPE: 

XXXXXXXX 

CHANGE 
LOADlYPE 

CHANGE 
OFFSET 
LENGTHS 
(SHORTS) 

START CAL 

PRESS <ENTER> 
TO SELECT 

. 


DESCRIPTION 

Used with Offset Short Coaxial Calibration. 

Displays the type of load (termination) that you will use in the 
calibration. 

Allows you to change the type of load that you will use for the 
measurement. 

Allows you to change the offset lengths of the shorts for offset short 
calibration. 

Starts the calibration sequence. 

Pressing the ENTER key implements your menu selection. 

Figure 804M. Menu C3A, Confirm CalIbration Parameters 1 
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MENU 

CONFIRM 

CALIBRATION 

PARAMETERS 


WAVEGUIDE 
CUTOFF FREQ 
XX.XXXX GHz 

CUTOFF MUST 
BE LESS THAN 
CALIBRATION 
START FREQ 

LOAD TYPE: 
XXXXXXXX 

CHANGE 
LOAD TYPE 

CHANGE 
OFFSET 
LENGTHS 
(SHORTS) 

START CAL 

PRESS <ENTER> 
TO SELECT 

, 

. 

DESCRIPTION 

Used with Waveguide Cal. 

Move cursor to this line and enter the cutoff frequency of the type of 
waveguide in use. 

Displays the type of load (termination) that you will use in the 
calibration. 

Allows you to change the type of load that you will use for the 
measurement. 

Move the cursor to this line and press ENTER to change the offset 
lengths of the shorts used for waveguide calibration. 

Starts the calibration sequence. -
Pressing the ENTER key implements your menu selection. 

FIgure 3·40B. Menu C3B, Confirm CahbratlOn Parameters 2 
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"~ 

MENU 

CONFIRM 
CALIBRATION 
PARAMETERS 

LOAD TYPE: 
XXXXXXXX 

CHANGE 
LOAD TYPE 

CHANGE 
MICROSTRIP 
PARAMETERS 

CHANGE 
! OFFSET 

LENGTHS 
(SHORTS) 

START CAL 

PRESS <ENTER> 
TO SELECT 

r' 

DESCRIPTION 

Used with Microstrip Calibration 

Displays the type of load (termination) that you will use in the 
calibration. 

Allows you to change the type of load that you will use for the 
measurement. 

Move cursor to this line and press ENTER to change microstrip 
parameters. 

Move the cursor to this line and press ENTER to change the offset 
lengths of the shorts used for microstrip calibration. 

Starts the calibration sequence. 

Pressing the ENTER key implements your menu selection. 

Figure 3-400. Menu C3C, Confirm CalIbration Parameters 3 
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DESCRIPTION 

Used for Microstrlp Calibration 

Displays the connector type for which the calibration is set to correct. 
This should agree with the connector type that both your calibration 
components and the test device mate with. 

Same as above. 

Displays the type of load (termination) that you will use in the 
calibration. 

Allows you to change the Port 1 connecter type. 

Allows you to change the Port 2 connector type. 

Allows you to change the type of load that you will use for the 
measurement. 

AIIows you to change microstrip parameters. 

Starts the calibration sequence. 

Pressing the ENTER key implements your menu selection. 

Figure 3-40D. Menu C3D. Confirm CalIbration Parameters 4 
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MENU DESCRIPTION 

SELECT PORT1 or 2: 
CONNECTOR lYPE 

SMA(M) 
SMA (F) 

K-CONNECTOR (M) 
K-CONNECTOR (F) 

lYPE N (1.1) 
lYPE N (F) 

GPC-7 

OTHER 

PRESS <ENTER> 
TO SELECT 

Applies the four capacitance-coefficient values to the Open that are 
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. 

Same as above, except for Type-N connector. 

Same as above, except for GPC-7 connector. 

Calls Menu C12, which allow you to specifY the connector coefficients. 

Pressing the ENTER key implements your menu selection. 

Figure 3-41. Menu C4, Select Connector Type 

MENU DESCRIPTION 

SELECT 
CALIBRATION 

TYPE 

KEEP EXISTING 
CAL DATA 

FULL 12-TERM 

1 PATH 
2 PORT 

FREQUENCY 
RESPONSE ONLY 

REFLECTION 
ONLY (PORT 1) 

PRESS <ENTER> 
TO SELECT 

Keeps the existing calibration data, then exits the calibration sequence 
by calling up Menu C13. 

Corrects 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,n for a detailed decussion of these 
error terms. 

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

Corrects for forward-direction error terms ERF, and EDF' These provide 
a frequency-response-only correction for Port 1. 

Corrects for forward-direction error terms ERF, EDF, and ESF. These 
provide a reflection-only correction for Port 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 

REFLECTION 

BOTH 

PRESS <ENTER> 
TO SELECT 

For the calibration-eorrection of the transmission-only frequency-
response error term. 

For the ealibration-correetion of the reflection-only frequency-response 
error term. 

For the calibration-eorrection of both transmission and reflection fre­
quency-response error terms. 

Pressing the ENTER key implements your selection. 

Figure 3-43. Menu C5A, Select Frequency Re.pOIlBe Type 

MENU DESCRIPTION 

SELECT 
TYPE OF LOAD 

BROADBAND 
FIXED LOAD 

SLIDING LOAD 
(FREQS BELOW 
2GHzALSO 
REQUIRE FIXED 
BROADBAND LOAD) 

PRESS <ENTER> 
TO SELECT 

Selects calibration based on the broadband load being used. 

Selects cahbration based on the sliding load being used. If your low-end 
frequency is below 2 GHz, a fixed broadband load is also required. 

Pressing the ENTER key implements your menu selection. 

Figure 3-44. Menu CO, Select Load Type 
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MENU 

CALIBRATION 

SEQUENCE 


CONNECT 

CALIBRATION 


DEVICES: 


PORT 1: 
XXXXXXXXXXXX 

PORT 2: 
XXXXXXXXXXXX 

DESCRIPTION 

Connect the required component to Port 1. 


Connect the required component to Port 2. 


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

MENU DESCRIPTION 

CALIBRATION 
SEQUENCE 

SLIDE LOAD 
TO POSITION X 

Slide the load to the next position, then press the ENTER key. Moving 
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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The Calibration Sequence consists of several menus, similar in structure but different in content The con­
tent differs only in the type of device (load, open. or shortlthe menus say to connect to ports t and 2. The 
menus automatically appear in a sequence basad on choices made elsewhere In the calibration-manu series. 
For purposes of this discussion. we will caJllhe menus C7A thru L. Each menu will specify a type of device 
10 be connected to ports t and 2 (Table A). and each will provide a procedural message (one of the three 
types shown in Table B). 

Table A 

MENU PORT 1 DEVICE PORT :I DEVICE 

C7A BROADBAND LOAD BROADBAND LOAD 
C7B SLIDING LOAD BROADBAND LOAD 
C7C SLIDING LOAD INACTIVE 
C7D BROADBAND LOAD INACTIVE 
C7E BROADBAND LOAD SLIDING LOAD 
C7F BROADBAND LOAD BROADBAND LOAD 
C7G OPEN SHORT 
C7H SHORT OPEN 
C71 BROADBAND LOAD INACTIVE 
C7J OPEN INACTIVE 
C7K SHORT INACTIVE 
C7L BROADBAND LOAD BROADBAND LOAD 
C7M SHORTt SHORT 2 
C7N SHORT 2 SHORTt 
C70 SHORTt INACTIVE 
C7P SHORT 2 INACTIVE 

TableB 

Calibration Sequence Flowchart 

MENU C7A 
(Calibration 

Setup) 

(Sequence 
Completed) 

NEXT 
----0 DEVICE MESSAGE 

SET A 

SWEEP(S) 
ENTER

ENTER COMPLETED 

- MESSAGE MESSAGE -
C B 

CLEAR r CLEAR 

MESSAGE A MESSAGE B MESSAGEC 

PRESS <ENTER> MEASURING.•. PRESS <ENTER> 
TO MEASURE FOR NEXT 

DEVICE(S) PRESS <:CLEAR> CAL STEP 
TO RESTART OR 

MEASUREMENT PRESS <:CLEAR> 
TO REMEASURE 

Figure 3-47. Calibration Sequence Messages and Flowchart 
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MENU DESCRIPTION 

CALIBRATION 
SEQUENCE 

CONNECT 
THROUGHLINE 

BETWEEN 
TEST PORTS 

Connect Ports 1 and 2 together using the Throughline cable 

Figure 3-48. Menu C9, Connect Throughline 

MENU DESCRIPTION 

CALIBRATION 
SEQUENCE 

COMPLETED 

PRESS 
<SAVE/RECALL> 
TO STORE CAL 
DATA ON DISK 

OR 

PRESS <ENTER> 
TO PROCEED 

Pressing the SAVE/RECALL MENU Key displays Menu SR that lets you 
save your calibration data onto a disk or recall previously saved calibra­
tion data from a disk. While this menu provides a convenient point at 
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 
program. 

Pressing the ENTER key implements your menu selection. 

Figure 3-49. Menu CIO, Calibration Sequence Completed 
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MENU 

BEGIN CAL 

KEEP EXISTING 
CAL DATA 

REPEAT 
PREVIOUS CAL 

CAL METHOD: 

XXXXXXX 


TRANSMISSION 
LINE lYPE: 

XXXXXXXX 

CHANGE 
CAL METHOD 

CHANGE 
TRANSMISSION 
LlNElYPE 

NEXT CAL STEP 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

Keeps the existing calibration data. 


Repeats the previous calibration. 


Displays the calibration method that you have selected (12-term; I-path, 

2 port; frequency response; reflection only. 


Indicates type of transmission line currently selected, e.g. coaxial, 

waveguide, microstrip. 


Allows you to change the calibration method. 


Allows you to change the transmission line type. 


Selects the next cahbration step. 


Pressing the ENTER key implements your menu selection. 


Figure 349A. Menu Cll, Begin CalibratIOn 
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MENU 


SELECT 

TRANSMISSION 


LINE TYPE 


COAXIAL 

WAVEGUIDE 

MICROSTRIP 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 


Selects coaxial cable as the transmission type. 

Selects waveguide as the transmission type. 

Selects microstrip as the transmission type. 

Pressing the ENTER key implements your menu selection. 

Figure 3·49B. Menu CllA, Select TrllnSITIlSSlOn Lme Type 

MENU DESCRIPTION 

SELECT 
CAL METHOD 

STANDARD I] 
(NOT USED FOR 
WAVEGUIDE) 

OFFSET SHORT 

LRLCAL 

PRESS <ENTER> 
TO SELECT 

This option and the ones below allow you to select the method (prote­
dure) to be used to calibrate. This method is independent of the calibra­
tion type, which may be 12 term, reflection only etc. 

Pressing the ENTER key implements your menu selection. 

Figure 3.49C. Menu CllB, Select CahbratlOn Method 
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MENU 

SELECT 

WAVEGUIDE 

KITTO USE 


- INSTALLED ­

IDENTIFIER: 
XXXX 

CUTOFF FREQ: 
XX.XXX mm 

SHORT 1 
XXX.XXX mm 

SHORT 2: 
XXX.XXX mm 

USE INSTALLED 

KIT 


OTHER 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

The lines below indicate the chlU'acteristics of the installed waveguide 

calibration kit, if applicable. 


Displays the type of waveguide used. 


Displays the cutoff frequency of the waveguide. 


Displays the length of the first calibration short. 


Displays the length of the second calibration short. 


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


Move the cursor to this line and press ENTER to modify the parameters. 


Pressing the ENTER key implements your menu selection. 


FIgure 349D. Menu CUC, Select Waveguide Kit to Use 
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MENU 

PORT 1 OR 2 

OPEN DEVICE 


ENTER THE 

CAPACITANCE 

COEFFICIENTS 


TERM 1-CO 
± XXX.XXXe· 15 

TERM 2-C1 
± XXX.XXX e - 27 

TERM 3-C2 
±XXX.XXX e • 36 

TERM 3·C3 
±XXX.XX e - 45 

ENTER THE 
OFFSET LENGTH 

OFFSET LENGTH 
±XXX.XX mm 

PRESS <ENTER> 
WHEN COMPLETE 

DESCRIPTION 

Enter the capacitance-coefficient values needed to correct for your Open 
device. 

Enter the term 1 coefficient value. 

Enter the term 2 coefficient value. 

Enter the term 3 coefficient value. 

Enter the term 3 coefficient value. 

Enter the offset length value needed to correct for your Open device 

Pressing the ENTER key implements your menu selection 

FIgure 3-50. Menu C12. Enter the Capamtance CoeffiC1ent. for Open DeVices 

MENU DESCRIPTION 

PORT 2 
SHORT DEVICE 

ENTER THE 
OFFSET LENGTH 

OFFSET LENGTH 
±XXX.XXX mm 

PRESS <ENTER> 
WHEN COMPLETE 

Enter the length that the Short is offset from the reference plane. 

Pressing the ENTER key implements your menu selection. 

Figure 3-51. Menu elM., Enter the Offset Length 
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MENU DESCRIPTION 

EXISTING Retains the existing calibration data in memory. At the end of three 
CALIBRATION seconds, the appropriate measurement setup menu appears. 

KEPT 

Figure 3-52. Menu C13, Existing Calibration Kept 

MENU 

ENTER 

OFFSET LENGTHS 


(SHORTS) 


·PORT1· 

SHORT 1 
XXX.XXX mm 

SHORT 2 
XXX.XXX mm 

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

PRESS <ENTER> 
WHEN COMPLETE 

DESCRIPTION 

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


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


Pressing the ENTER key implements your menu selection. 

Flgure 3-52A. Menu C14. Enter Offset Lengths (Shorts) 
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MENU DESCRIPTION 

ENTER 
WAVEGUIDE 

PARAMETERS 

WAVEGUIDE 
CUTOFF FREQ 

XX.XXXXGHz 

OFFSET LENGTH 
OF SHORT 1 
XXX.XXX mm 

OFFSET LENGTH 
OF SHORT2 
XXX-XXX mm 

PRESS <ENTER> 
WHEN COMPLETE 

Move the CUrSOr to this line and enter the cutoff frequency of the 
waveguide you are using. 

Move the cursor to this line and enter the offset length of Short l. 

Move the cursor to this line and enter the offset length of Short 2. 

Pressing the ENTER key implements your menu selection. 

.Figure 3-628. Menu C15, Enter Wavegutde 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 
STRIP are using. 
XXX.XXX mm 

THICKNESS OF Move the cUrsor to this line and enter the thickness ofthe substrate you 
SUBSTRATE are using. 
XXX.XXX mm 

SUBSTRATE Move the cursor to this line and enter the dielectric type ofthe substrate 
DIELECTRIC you are using. 
XXXX.XX 

Displays the dielectric constant of the microstrip.EFFECTIVE 
DIELECTRIC 
XXXX.XX 

ZC Displays the characteristic impedance of the microstrip. 
XXX.XXX n 

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

Figure 3..52B. Menu CIG, Enter Microstnp Parameters 
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3-6.3 	 SAVE/RECALL MENU Key And Menus 
(Figure 3·53) 

Pressing this button displays the fIrst of four menus 
(Figures 3·54 and 3-57) that allow you to save or 
recall control panel setups and calibration data. 

rsiNel' 
RECALL 
MENU 

Figure 3-53. SAVEIRECALL MENU Key 

MENU TEXT 

SAVE/RECALL 
FRONT PANEL 
INFORMATION 

SAVE 

RECALL 


PRESS <ENTER> 

TO SELECT 

FUNCTION 


I 


DESCRIPTION 

Displays Menu SR2, which asks you to select a storage location-inter· 
nal memory Or disk. 

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 LOG key is pressed. 

Figure 3·54. Menu SRI, SaveIRecall Front Panel Information 

MENU TEXT DESCRIPTION 

RECALL (or SAVE) 

FRONT PANEL 
SETUP IN 
INTERNAL 
MEMORY 

CAL DATA 
AND FRONT 

PANEL SETUP 
ON DISK 

PRESS <ENTER> 
TO SELECT 

Calls Menu SR3, which letsyou save the control panel setup into orrecalls 
it from internal memory. 

Saves the calibration data and control panel setup onto the disk or recalls 
them from the disk. This selection displays Menu DSK9(recall) or DSKll, 
and GPl-3(save) which asks you to select a disk me. 

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 LOG key is pressed. 

Figure 3-55. Menu SR2, Reeall or Save 

360 OM 	 3-39 




CALIBRATION KEY AND MENUS III CONTROL PANEL OPERATION 

MENU DESCRIPTION 

SAVE TO 
INTERNAL 
MEMORY 

MEMORY 1 

MEMORY 2 

MEMORY 3 

MEMORY 4 

PRESS <ENTER> 
TO SELECT 

OR 
USE KEYPAD 

Causes the current control (front) panel setup to be saved to memory loca­
tion 1. 

Same as above. except the setup saves to memory location 2. 

Same as above. except the setup saves to memory location 3 

Same as above. except the setup saves to memory location 4 

You may press the ENTER key or use the keypad to implementyour menu 
selection. The menu remains on the screen until another menu is selected 
for display or until the CLEAR/RET LOC key is pressed. 

Figure 3-56. Menu SR3, Save to Internal Memory 

MENU DESCRIPTION 

WARNING 

INTERNAL 
MEMORY 
DOES NOT 
MATCH 
CURRENT 
CAL SETUP 

CONTINUING 
RECALL WILL 
DESTROY 
CURRENT CAL 

PRESS <ENTER> 
TO RECALL 

OR 
PRESS <CLEAR> 

TO ABORT 

Warns that the setup you are attempting to recall is not compatible with 
the calibration data stored in memory. 

Recalling the setup in question will destroy the calibration data stored in 
memory. 

Pressing the ENTER key recalls the selected setup. while pressing the 
CLEAR key aborts the selection. 

Figure 3·57. Menu SR4, Warning-Internal Memory Does Not Match Current Cal Setup 
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8-6.4 MEASUREMENT Keys and Menus 
(Figure 8-58) 

r-~­ MAXIMUM 0 
SETUP DATA

NORMAL 0
MENU POINTS 

MINIMUM 0 

( DEVICE]
ID 

Figure 3-58. MEASUREMENT Keys 

u. 	 SETUPKey 
Pressing this key calls Sweep Setup Menu SUI 
(SU3). Depending upon which menu items you 
select, additional menus S U2 thru SU6 may also 
be called. Figures 3-59 thru 3-64. describe the six 
menus. 

b. 	 DEVICE 10 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 menu. 

c. 	 HOLOKey 
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 describ<>d in Menu 
SU4, 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 

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

NOTE 
See Figure 3-69 (Menu SU4) for a 
description 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. DATA POINTS Key 

Pressing this key toggles between MAXIMUM, NOR­

MAL, and MINIMUM resolution, lighting the ap­

propriate LED. If MAXIMUM resolution is X data 

points, MINIMUM resolution "ill be approximately 

Xl6 data points and NORMAL resolution will be ap­

proximately Xl3 data points. The nominal values are 

X=501, Xl3=167 and Xl10=85. 


e. 	 DOMAIN Key 
See Figure 3-30 for a full description. Additionally, if 
the Time Domain option is installed, making a selec· 
tion other than "Frequency Domain" lets you display 
measured data in the time domain. It also calls a fur­
ther sequence of Time Domain Menus. Menu TDI 
and all other time domain menus, along with a dis­
cussion of the time domain measurement, are 
provided in paragraph 3-16, "Time Domain Measure­
ments." 
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DESCRIPTIONMENU 

SWEEP SETUP 

START Enter the sweep-start frequency in GHz. The start frequency must be 
XX.XXXXXX GHz lower than the stop frequency. 

Enter the sweep-stop frequency in GHz. The stop frequency must be STOP 
XX.XXXXXX GHz higher than the start frequency. 

Displays the number offrequency points and the spacing between points XXX DATAPTS 
for the start and stop frequencies selected above. The number of points USING ABOVE 
shown provides the flll€st frequency resolution possible, based on your START AND STOP 
DATA POINTS key MAXIMUM-NOR MAL- MINIMUM selection. 

STEP SIZE 
XXX.X MHz 

C.w. MODE ON Move cursor here and press ENTER to enable the CW mode. Enter CW 
XX.xXXXXX GHZ frequency for measurements. 

Move cursor here and press ENTER to set the start and stop frequencies 
(SU5) or the CW frequency (SU6) to the values of any marker 

HOLD BUTTON 

MARKER SWEEP 

Displays Menu SU4, which lets you set the action of the HOLD key. 

FUNCTION 


REDUCED TEST Displays Menu SU2, which lets you set the source power and the values 
for the attenuaters in the Model 3620 Series Test Set. SIGNALS 

Pressing the ENTER key implements your menu selection. The menu 
TO SELECT 

PRESS <ENTER> 
remains on the screen until another menu is selected for display or until 
the CLEAR/RET LOC key is pressed. OR TURN ON/OFF 

Figure 3-59. Menu SUI, Sweep Setup 1 
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MENU 

SWEEP SETUP 


REDUCED 

TEST SIGNALS 


SOURCE POWER 
±XKXdBm 

PORT 1 SOURCE 
XO dB (0-70) 

PORT 2 SOURCE 
XO dB (0-70) 

PORT 2 TEST 
XO dB (0-40) 

! 	 (THIS REDUCES 
SIGNAL FROM 
AMPLIFIER 
UNDER TEST) 

DESCRIPTION 

Enter the output-power level for the sweep generator (frequency source) 
indBm. 

Attenuates the microwave source power from 0 to 70 dB, in 10 dB steps. 
The power is attenuated before being applied to Port1 for a forward trans­
mission or reflection test (821 or 811, respectively). 

Attenuates the microwave source power from 0 to 70 dB, in 10 dB steps. 
The power is attenuated before being applied to Port 2 for a reverse trans­
mission Or reflection test (812 Or 822, respectively). 

Attenuates from 0 to 40 dB (1 0 dB steps) the microwave power being input 
to Port 2 from the device-under-test (DUT). 

Figure 3-00. Menu SU2, Sweep Setup 2 
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MENU DESCRIPTION 

SINGLE POINT 
MEASUREMENT 

SETUP 

CW. FREQ 
XX.XXXXXX GHz 

HOLD BUTTON 
FUNCTION 

REDUCED TEST 
SIGNALS 

RETURN TO 
SWEEP MODE 

PRESS <ENTER> 
TO SELECT 

Enter the measurement frequency in GHz for continuous wave (CW) 
operation. 

Displays :Menu SU4, which lets you set the action of the HOLD key. 

Displays Menu SU2, which lets you set values for the source power and 
attenuators in the Model 3620 Series Test Set. 

Move cursor here and press ENTER to return to the FI-F2 sweep 
mode.(:Menu SUO 

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. 

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

MENU DESCRIPTION 

SELECT FUNCTION 
FOR 

HOLD BUTTON 

HOLD/CONTINUE 

HOLD/RESTART 

SINGLE SWEEP 
AND HOLD 

PRESS <ENTER> 
TO SELECT 

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

Causes the hold key to stop and restart the sweep. 

Causes the hold key to trigger a single sweep and hold when finished. 
(Two sweeps, one from Port 1 to 2 and another from Port 2 to 1, are ac­
complished for a 12-Term measurement.) 

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. 

Figure 3-62. Menu SU4, Select Function for Hold Button 
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MENU 

FREQUENCY 
MARKER SWEEP 

START SWEEP 
MARKER (n) 
XX.XXXX GHz 

STQPSWEEP 
MARKER (n) 
XX.XXXX GHz 

USE KEYPAD 

TO SELECT 


MARKER (1 - 6) 


DESCRIPTION 

Pressing a number on the keypad causes the associated marker to be the 
start frequency ofthe sweep. 

Pressing a number on the keypad causes the associated marker to be the 
stop frequency of the sweep. 

Use the keypad to select markers I, 2, 3, 4, 5, or 6. 

Figure 3·63. Menu SU5, Frequency Marker Sweep 

MENU DESCRIPTION 

FREQUENCY 
MARKERC.W. 

C.W. FREQ 
MARKER (n) 
XX.XXXXGHz 

Pressing a number on the keypad causes the associated marker to be the 
C.W. frequency. 

USE KEYPAD 
TO SELECT 

MARKER (1 - 6) 

Use the keypad to select markers I, 2, 3, 4, 5, Or 6. 

: 

Figure 3·64. Menu SUB, Frequency Marker C.W. 
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3-6.5 	 CHANNEL Keys and Menu 
(Figure 3-65) 

a. 	 CH 1-4&ys 
These keys define the active channel. One (and 
only one) must always be active as indicated by 
the associated LED. Pressing a button makes the 
indicated channel active. If it is already the ac­
tive channel, pressing the key has no effect. 

The active channel will be the channel acted upon 
by the S PARAMS, GRAPH TYPE, REF DELAY, 
TRACE MEMORY. SET SCALE. AUTO SCALE and 
DOMAIN keys. When in the single channel dis­
play mode. the active channel will be the one dis­
played. 

CHANNEL 
MENU G 

Figure 3-IiS. CHANNEL Key" 

h. 	 CHANNEL Menu 
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 
DISPLAY 

DUAL 
DISPLAY 

CHANNEL 1·3 

DUAL 
DISPLAY 
CHANNEL 2-4 

ALL FOUR 
CHANNELS 

PRESS <ENTER> 
TO SELECT 

Selects a single channel for display. which can be log magnitude, phase. 
log magnitude and phase, or Smith chart. You select the type of display 
in MenuGT. 

Selects Channels 1 and 3 for display. You select the type of display in 
MenuGT. 

Selects Channels 2 and 4 for display. You select the type of display in 
MenuGT. 

Selects all four channels for display. You select the type of display in 
MenuGT. 

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

Figure 3·66. Menu CM, Select Display Mode 
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3-8.1 DISPLAY Keys and Menus 
(Figure 3-67) 

( GRAPH J SCALETYPE 	 SCALE~ ~ 
(PAR~MS ) 	 ~'ACEDELAY 

MEMORY~ 

Figure 3-67. DISPLAY Key. 

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

b. 	 GRAPH TYPE Key 
Pressing this key calls menu GTl or GT2. These 
menus let you select the type of display to ap­
pear on the active channel for the selected 
s-parameter. 

c. 	 SET SCALE Key 
Pressing this key calls the appropriate scaling 
menu (SSn) depending upon the graph type 
being displayed on the active channel for the 
selected a-parameter. 

d. 	 REF DELAY Key 
Pressing this key calls menu RDl. 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 
DIELECTRIC", 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 
activate·AUTO: 

The 360 unwinds the phase as follows: 

1. FJISt. it sums the phase increments between esch pair 
of measured data points. then it takes the average 
''Pdelta" over the entire set ofpoints. 

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

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

e. 	 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 scaling values are then displayed on the 
menu and graticule. The resolution will be 
selected from the normal sequence ofvalues 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. 

f. 	 TRACE MEMORY Key 
Pressing this key brings up menu NOl. 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 simultaneously. 
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. 

g. 	 DISPLAY Menus 
Figures 3-68 thru 3-75 show the menus as­
sociated with the GRAPH TYPE, S 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 
FWD TRANS 

Sll 
FWDREFL 

S12 
REV TRANS 

$22 
REV REFL 

PRESS <ENTER> 
TO SELECT 

I 

Selects the S21 parameter to be displayed on the active channel. The 
parameter can be displayed in any of the available formats. 

Selects the S11 parameter to be displayed on the active channel. The 
parameter can be displayed in any ofthe available formats. 

Selects the S12 parameter to be displayed on the active channel. The 
parameter can be displayed in any of the available formats. 

Selects the S22 parameter to be displayed on the active channel. The 
parameter can be displayed in any of the available formats. 

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/LOC key is pressed. 

! 

Figure 3·68. Menu SP, Select S Parameter 

MENU DESCRIPTION 

SELECT 
GRAPH TYPE 

LOG 
MAGNITUDE 

PHASE 

LOG MAGNITUDE 
AND PHASE 

SMITH CHART 
(IMPEDANCES) 

SWR 

GROUP DELAY 

MORE 

PRESS <ENTER> 
TO SELECT AND 

RESUME 
CALIBRATION 

Selects a log magnitude graph for display on the active channel's selected 
s·parameter. The active channel is indicated by its key (CH1, CH2, CH3, 
CH4) being lit. 

Selects a phase graph for display on the active channel. 

Selects log magnitude and phase graphs for display on the 
active channel. 

Selects a Smith chart for display on the active channel. 

Selects an SWR display for the active channel. 

Selects a Group Delay display for the active channel. 

Takes you to additional graph type selections on Menu GT2. 

Pressing the ENTER key implements your menu selection and resumes 
the calibration from where it left off, ifiin the calibration mode. The menu 
remains on the screen until another menu is selected for display or until 
the CLEAR/RET LOC key is pressed. 

Figure 3-69. Menu GTl, Select Graph Type 
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MENU DESCRIPTION 

SELECT 
GRAPH TYPE 

ADMITIANCE 
SMITH CHART 

LINEAR POLAR 

LOG POLAR 

LINEAR MAG 

LINEAR MAG 
AND PHASE 

REAL 

IMAGINARY 

REAL AND 
IMAGINARY 

MORE 

PRESS <ENTER> 
TO SELECT AND 

RESUME 
CALIBRATION 

Selects an Admittance Smith chart for display on the active channel's 
s-parameter. 

Selects a Linear Polar graph for display on the active channel's 
s-parameter. 

Selects a Log Polar graph for display on the active channel's 
s-parameter. 

Selects a Linear Magnitude graph for display on the active channel's 
s-parameter. 

Selects Linear Magnitude and Phase graphs for display on the channel's 
s-parameter. 

Selects Real data for display on the active channel's s-parameter. 

Selects Imaginary data for display on the active channel's s-parameter. 

Selects both Real and Imaginary data for display on the active channel's 
s-parameter. 

Takes you to additional graph type selections 

Pressing the ENTER key implements your menu selection and resumes 
the calibration from where itleft off, ifin the calibration mode. The menu 
remalns on the screen until another menu is selected fur display or until 
the CLEAR/RET LOC key is pressed. 

Figure 3-70_ Menu GT2, 8<;lect Graph Type 
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MENU DESCRIPTION 

TRACE MEMORY 
FUNCTIONS 

VIEWDATA Displays measured data; that is, the data presently being taken. 

VIEW MEMORY Displays stored data; that is, data that was previously taken and stored 
in 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 N02 for selection of the type of math operation to be 
TRACE MATH performed. 

STORE DATA Stores the measured data to internal memory. 
TO MEMORY 

DISK Brings up Menu N03, which allows data to be stored to or recalled from 
FUNCTIONS the disk. 

MEMORY DATA Indicates the reference delay applied to the memory data being displayed. 
REF, DELAY 
XXX.XXXCM 

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 NOl, Trace Memory Functions 

MENU DESCRIPTION 

SELECT 
TRACE MATH 

ADD(+) Selects DATA + MEMORY as the math function. 

SUBTRACTH Selects DATA ­ MEMORY as the math function. 

MULTIPLY (X) Selects DATA X MEMORY as the math function. 

DIVIDE (+) Selects DATA + MEMORY as the math function. 

PRESS <ENTER> 
TO SELECT 

Pressing the ENTER key implements your menu selection. 
returns to the NOl menu. 

The menu 

i 

Figure 3·72. Menu N02. Select Trace Math 
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MENU DESCRIPTION 

TRACE MEMORY 
DISK FUNCTIONS 

CHANNEL X Indicates the channel to be used (active channel). 

STORE TO DISK Displays GPl-3 or DSKl1 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 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. 

FiguJ'e 3-73. Menu N03, Trace Memory Disk Function. 

MENU DESCRIPTION 

SET 
REFERENCE 

DELAY 

AUTO Automatically 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 to less than one. 

DISTANCE 
XXX.XXXmm 

TIME 
XXX.XXX ms 

SET 
DIELECTRIC 

PRESS <ENTER> 
TO SELECT 

Electrically repositions the measurement reference plane, as displayed 
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 test set's Port 1 con­
nector and the device-under·test (DUT). 

Electrically repositions the measurement reference plane by a distence 
value that corresponds to the time in milliseconds. 

Displays Menu RD2, which lets you enter a value for the dielectric COn­
stent ofyour transmission line. The active dielectric, which was selected 
in menu RD2, 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. 

Figure 3-74. Menu RDI, Set RefeJ:l>nce Delay 
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l\ENJ 1Es::R PlON 

SET 
DIELECTRIC 
CONSTANT 

AIR 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 Calculates 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. Tenninate your 
XXXX.xX entry using any tenninator and select with the ENTER key. 

PRESS <ENTER> Pressing the ENTER key implements your menu selectionand returns 
TO SELECT you to the RDI menu. 

Figure 3-75. Menu RDl. Set Dielectric Constant 
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MENU 

SET SCALING 
OR PRESS 

<.AUTOSCALE> 

-lOG MAG­

RESOLUTION 
XX.XXX dB/OIV 

REF VALUE 
XXX.XXXdB 

REFERENCE 
LINE 

-PHASE­

RESOLUTION 
XX.XX DEGIDIV 

REF VALUE 
XXX.XXOEG 

REFERENCE 
LINE 

DESCRIPTION 

Sets the resolution for the vertical axis of the active channel's displayed 
log magnitude graph. Resolution can by set incrementally using the 
keypad or rotary knob. For the linear polar graph, the center is fixed at 
a 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 set 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 channel's phase measurement on the 
phase graph. This is the line about which the phase expands with dif­
ferent resolution values. The reference line can be set to any vertical 
division using the rotary knob. 

Figure 3·76. Menu 881, Set Scaling 1 
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MENU 

SET SCALING 
OR PRESS 

<AUTOSCALE> 

IMPEDANCE 
(ADMITTANCE) 
SMITH CHART 

NORMAL SMITH 
(REFL; 1.000 
FULL SCALE) 

EXPAND 10dB 
(REFL; 0.316 
FULL SCALE) 

EXPAND 20 dB 
(REFL = 0.099 
FULL SCALE) 

EXPAND 30 dB 
(REFL = 0.031 
FULL SCALE) 

COMPRESS 3 dB 
(REFL =1,413 
FULL SCALE) 

PRESS <ENTER> 

TO SELECT AND 


RESUME CALIBRATION 


DESCRIPTION 

Scales an Impedance Smith chart for display in the active channel. 

Selects a normal Smith chart for display in the active channel. 

Selects a 10 dB expansion of the Smith chart being displayed for the ac­
tivechannel. 

Selects a 20 dB expansion of the Smith chart being displayed for the ac­
tive channel. 

Selects a 30 dB expansion ofthe Smith chart being displayed for the Re' 

tive channel. 

Selects a 3 dB compression of the Smith Chart being displayed for the ac· 
tive channel. 

Pressing the ENTER key implements your menu selection and resumes 
the calibration from where it left off, ifin the calibration mode .. The menu 
remains on the screen until another menu is selected for display or until 
the CLEARIRET LOC key is pressed. 

Figure 3--77. Menu 883, Set Scaling 3 
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3·6.7 ENHANCEMENT Keys and Menus b. 	 AVGISMOOTH MENU Key
(Figure 3·78) Pressing this key brings up the EM Menu (Figure 

3-79). When pressed during the calibration se­
quence, it brings up the EM Cal Menu (Figure 3­
80) instead. NORMAL D 

OPTION 
REDUCED DMENU BW c. 	 TRACE SMOOTH and AVERAGE KeysMINIMUM D 0 
• 

The AVERAGE and TRACE SMOOTH keys select 
their respective functions on and off with the ap­

AVGI propriate LED indicating when the function is 
TRACESMOOTH (tVERAG~ selected.

SMOOTHMENU 

d. 	 IF BW Key 
Pressing this key cycles between three different 

Figure 3·78. ENHANCEMENT Keys IF bandwidths. The applicable NORMAL, 
REDUCED, or MINIMUM LED lights to indicate 

a. 	 OPTION MENU Key selection. 
This key is reserved for future options. 

MENU DESCRIPTION 

DATA 
ENHANCEMENT 

AVERAGING 
XXXXMEAS. 
PER POINT 

SMOOTHING 
XX. X PERCENT 
OF SPAN 

Averages the measured data over time, as follows: 
1. The sweep stops at the first frequency point and takes a number of 
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 to the next sequential frequency point and 
repeats the process. 

Smoothes the measured data over frequency, as follows: 
1. The program divides the overall sweep into smaller segments, based 
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 wjth 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 offrequency points and repeats the process. 

Figure 3·79. Menu EM, Enhancement Menu 
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MENU DESCRIPTION 

DATA 
ENHANCEMENT 

AVERAGING 
XXXXMEAS. 
PER POINT 

SMOOTHING 
XX.X PERCENT 
OF SPAN 

Averages the measured data over time, as follows: 
1. The sweep stops at the first frequency point and takes a number of 
readings, based on the selected number ofpoints. 
2. The program averages the readings and writes the average value for 
that frequency point in the displayed graph. 
3. The sweep then advances to the next sequential frequency point and 
repeats the process. 

Smoothes the measured data over frequency, as follows: 
1. The program divides the overall sweep into smaller segments, based 
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 ralsed 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. Menu EMCal, Enhancement Menu for Calibration 
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3·6.8 OUTPUT Keys and Menus c. STOP PRINT Key
(Figure 81) 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 

OUTPUT sends a form feed command to the printer. 
• Ifthe printer is active, the key aborts the print· 

START STOP ing and sends a form feed command to the 
PRINT PRINT printer. Aborting the printing clears the print 

buffer. 
• Pressing this key if the printer is not selected 

Figure 3·81. OUTPUT Keys and another form of output is active, the key 
aborts it but does not send a form feed to the 

a. MENU Key printer. 

Pressing this key brings up menu PM1. This d, Plotting Functions 
menu allows you to define what will happen every The 360 can plot an image of either the entire 
time you press the START PRINT key. Figures 3· screen or subsets of it. Plots can be either full size 
82 thru 3·85 describe the menu options. or they can be quarter size and located in any of 

the four quadrants. You can select different pens 

b. START PRINT Key 
Pressing this key starts outputting the measured 
data as defined by the setup defined by the 
selected MENU key 

for plotting different parts ofthe screen. You can· 
not, however, plot tabular data. The menus for 
selecting plotter functions 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 
OUTPUT 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. 

OUTPUT OPTIONS 

SET UP OUTPUT 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 OPTIONS Calls Menu PLi, which allows you to select between several plot options. 

PRESS <ENTER> Pressing the ENTER key implements your menu selection. The menu 
TO SELECT remains on the screen until another menu is selected fur display or until 

the CLEAR/RET LOC key is pressed. 

Figure 3-82. Menu PMl, Select Data Output Type 
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MENU DESCRIPTION 

DATA OUTPUT 
HEADERS 

MODEL ON (OFF) 
XXXXXXXXXXXXXX 

DEVICE ID ON (OFF) 
XXXXXXXXXXXX 

DATE ON (OFF) 
XXlXXlXX 

OPERATOR ON (OFF) 
XXXXXXXXXXXXXXX 

PRESS <ENTER> 
TO TURN ON/OFF 

OR 
PRESS< 1 > 
TO CHANGE 

Selecting <l>displays Menu GP5, which lets you select the letters and/or 
numbers in your model identifier. 

Selecting <l>displays Menu GP5, which lets you select the letters and/or 
numbers in your Device LD. identifier. 

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

Selecting <1> displays Menu GP5, which lets you select the letters 
identifying the operator. 

Pressing the ENTER key selects between menu selections. Pressing the 
CLEAR/RET LOC key lets you change thebetween ON and OFF states 

Pressing <1> lets you enter the desired label in Menu GP5, 

Figure 3·83. Menu PM2, Data Output Headers 

MENU DESCRIPTION 

TABULAR OUTPUT 
FORMAT 

MARKER ON (OFF) 
DATA 

SWEEP ON (OFF) 
DATA 

XXX POINTS 

PRESS <ENTER> 
TO TURN ON/OFF 

OR 
TURN KNOB TO 

CHANGE NUMBER 
OF POINTS 

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. 

Outputs one point every X points 

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. 

Turning the knob on number of points changes the value of X to define 
the number of points printed 

Figure 3-84. Menu PM3, Tabular Output Format 
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---" 
MENU DESCRIPTION 

DISK OUTPUT 
OPERATIONS 

TABULAR DATA 
TO DISK 

TABULAR DATA 
FROM DISK 
TO PRINTER 

PRESS <ENTER> 
TO SELECT 

Outputs tabular data to the disk and takes you to GPl-3 or DSK 11 for 
selection of a me name. 

Brings up DSK9 for selection of a measurement data file to be output to 
the printer. 

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 LaC key is pressed. 

Figure 3-85. Menu PM4, Disk Output Operations 
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MENU 

PLOT OPTIONS 

PLOT 


FULL PLOT 

OPTIONS 

HEADER ON (OFF) 

MENU ON (OFF) 

MARKERS ON (OFF) 
AND LIMITS 

GRATICULE ON (OFF) 

DATA ON (OFF) 
TRACE(S) 

FORMAT 

PLOT SIZE 

PEN COLORS 

PRESS <ENTER> 

TO SELECT 


OR TURN ON/OFF 


DESCRIPTION 

The plotter will plot everything displayed on the screen (data traces, 
graticule, menu text) when START PRINT is pressed. 

The plot will include an information header ifthis option is on and START 
PRINT is pressed. 

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

Calls Menu PL2, which lets you select the size and location of the plot. 

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. 

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. 

Figure 3-86. Menu PLI, Plot Options 
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MENU DESCRIPTION 

SELECT 

PLOT SIZE 


FULL SIZE Selects a full size (page) plot. 

-QUARTER 
SIZE PLOTS-­

UPPER LEFT Selects a quarter-size plot, upper-left quadrant. 

UPPER RIGHT Selects a quarter-size plot, upper-right quadrant. 

LOWER LEFT Selects 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 LOC key is pressed. 

Figure 3-87. Menu PL2, Select Plot Size 
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MENU 

SELECT 
PEN COLORS 

DATAPEN 
n 

GRATICLE PEN 
n 

MARKERS AND 
LIMITS PEN 
n 

HEADER PEN 
n 

PEN SPEED 
100 PERCENT 
OF MAXIMUM 

PREVIOUS MENU 

PRESS <ENTER> 
~ TO SELECT 

DESCRIPTION 

Selects the color in which the data will be plotted. The number of the pen 
displays where the On" is shown. 

Selects the color in which the graticule will be plotted. The number of the 
pen displays where the "no is shown. 

Selects the color in which the markers and limits will be plotted. The 
number ofthe pen displays where the On" is shown. 

Selects the color in which the header information will be plotted. The 
number of the pen displays where the On" 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 PLI. 

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. 

Figure 3-88. Menu PL3, Select Pen Colors 
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3-6.9 SYSTEM STATE Keys and Menus 
(Figure 3·89) 

a. DEFAULT PROGRAM Key 

SYSTEM STATE 

DEFAULT 
PROGRAM 

UTILITY 
MENU 

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 from the Ul Menu are "Blank 
Frequency Information." and "Alternate Third 
Color Pen" (blue or cyan). 

Figure 3·89. SYSTEM STATE Keys 

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 
values are defined in Table 3·3. 

,........................., 
'CAUTION'1.............J 

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

c. UTILITY MENU Key Menus 
Figures 3-98 thru 3-102 describe the UTILITY 
MENU Key menus. 

C Preso
UTILITY MENU 

Key 

! 

Mel'lUU1 

Soled 
Sole<:t Sole<:t Soled "CALIBRATION 
"DISK UTll' "DISP STATE'GPIB COMPONENT 

UTILITIES' 

tMnu U2 MGOI.IGP7 Uenu U3 Menu U4 

Figure 3·90. UTILITY MENUS Key Flowchart 
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Table S·L Default Settings 

Function Default Setting 

INSTRUMENT 
STATE 

Measurement Setup Menu Displayed 

MEASUREMENT Maximum sweep range of source and test set 
Source Power: 0,0 dBm 
Resolution: Normal 

CHANNEL Quad (four-channel) display 
Channell active 

DISPLAY Channell: S". 1:1 Smith Chart 
Channel 2: S,2. Log Magnitude and Phase 
ChanneI3:S21. Log Magnitude and Phase 
Channel 4: S22. 1:1 Smith Chart 
Scale: 10 dB/Division or 90'/Division 
Olfset:O,OOOdB or 0,00 degree 
Reference Posilion: Midscale 
Electrical Delay: 0,00 seconds 
Dielectric: 1,00 (air) 
Normalization: Off 
Normalization Sets: Unchanged 

ENHANCEMENT Video IF Bandwidth: Reduced 
Averaging:Off 
Smoolhing: Off 

CALIBRATION Correction: Off 
Connector: SMA 
Load: Broadband 

MARKERSILIMITS Markers On/Olf: All off 
Markers Enabled/Disabled: All enabled 
Marker Frequency: All set to the start-sweep frequency (or start -lime distance 
"Reference: Off 

SYSTEM STATE 
Limits: All set to reference position value (all off .all enabled) 
GPIB Addresses and Terminators: Unchanged 
Frequency Blanking: Disengaged. 
Error(s): All cleared 
Measurement: Restarted 

OUTPUT Output Type: Prinlar (full screen. claar headers) 
Marker and Sweep Dala: Enabled 
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MENU DESCRIPTION 

SELECT UTlllTY 
FUNCTION TYPE 

GENERAL DISK 
UTILITIES 

CAliBRATION 
COMPONENT 
UTILITIES 

GP1B 
ADDRESSES 

DISPLAY 
INSTRUMENT 
STATE 

BLANK 
FREQUENCY 
INFORMATION 

AlTERNATE 3RD 
COLOR PLANE 

PRESS <ENTER> 
TO SELECT 

Calls Menu U2, which lets you select between several disk utilities. 

Calls Menu U4, which lets you select between several calibration-com­
ponent utilities. 

Displays the current GPIB addresses of the various system instruments. 

Calls menu U3, which lets you display the various instrument state 
parameters. 

Blanks all frequency-identifier information from the 360 displays, if such 
information is presently being displayed. 

Switches between blue and cyan colors 

Switches between blue and cyan colorsPressing the ENTER key imple­
ments 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. 

Figure 3-91. Menu Ul, Utility Menu 
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MENU 

DISK UTILITY 
FUNCTIONS 

RESTORE DISPLAY 

DISPLAY DISK 
DIRECTORY 

DELETE FILES 
FROM DISK 

LOAD PROGRAM 
FROM DISK 
TO 360 

INITIALIZE 
DISK WITH 
PROGRAM 

INITIALIZE 
DATA-ONLY 
DISK 

COpy DISK 
TO DISK 

DESCRIPTION 

Displays disk directory in data area 

Calls Menu DSK2, which lets you delete files from the disk. 

Reloads the operating program from the disk. 

,----_ ............. ... 

~_~l}.T!Q~ 

Choosing the ahove option may destroy all ofthe data in memory. 

Prepares (formats or initializes) the disk for use with the 360, including 
the operating program. 

Prepares the disk for use with the 360 hut dcles net copy the operating 
program to the disk 

'''-------_ .... ., 
~_~_l}.T!QNi 

Choosing either of the two options ahove will destroy all of the data 
on the disk 

Let. you copy one disk to another. 

Figure 3-\12. Menu U2, Disk Utility Functions 
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MENU DESCRIPTION 

DISPLAY 
INSTRUMENT 

STATE 

RESTORE 
DISPLAY 

Restores the normal data display. 

A SYSTEM 
PARAMETERS 

Displays all of the system parameters (Readout Text U4 a thru e, Figure 
3-101). 

B CALIBRATION 
PARAMETERS 

Displays the calibration parameters. 

C GLOBAL 
OPERATING 
PARAMETERS 

Displays the global operating parameters. 

D CHANNEL 1 - 2 
OPERATING 
PARAMETERS 

Displays the Channel 1-2 operating parameters. 

E CHANNEL3-4 
OPERATING 
PARAMETERS 

Displays the Channel 3-4 operating parameters. 

NEXT PAGE Alternately displays Readout Text U4 a thru e. 

PRESS <ENTER> 
TO SELECT 

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. 

Figure 3-93. Menu U3, Display Instrument State 

3-68 3S00M 



SYSTEM STATE KEYS AND MENUS mCONTROLPANELOPERATION 

lUndnut Text U3a, Global Operating Parametenl 
Parameter 

Numbar of Points 
Source Power 
Port 1 Source 
Port 2 Source 
Reference 
ZO 
Averaging 

Smoothing 

S-Parameters 
Raference Delay 

Time Domain Mode 
Start 
Stop 
Window Type 

Gate Start 
Gate Stop 
Gate Shape 

Display Format I 
xxx 


xxx.x dBm 

,OdS 

xOdS 

xOdS 


50 Ohm 

xxMeaslPts 


OfflOn 

XX.x % SPAN 

Offlon
i 

R""dnut Text U3d, System Parameters 
Parameter uisplay Format 

360 GPIB 
Address xx 
Terminator xxxxxxx 
Primary SRO Mask xxxxxxx 
Secondary SRO Mask xxxxxxx 

System Bus 
Instrument Address xx 
Source Address xx 
PIoHer Address xx 
Terminator xxxxxxx 

Software 
Version xxx.xx 
Serial Number xxX.xx 

Readnut Text U3b and U3c, Operating Parameter. 
Display Format 

Parameter cnannell"'1 I Channel 2-4 

xxx xxx 
xXx.xXx ps xxx,xxx J.l.S 
xxxxxxxxx xxxxxxxx 

XXXXXXXXXX XXXXXXXXXX 
xxx.xxx ns xxx.xxx ps 
xXX.Xxx os xXX.xxx ps 
xxxxxxxxxx xxxxxxxxxx 

xxx.xxx ns xxx.xxx os 
xxx.xxx ns xxX,xxx os 
xxxxxxxxxx xxxxxxxxxx 

Figure 3-94. Readout Text, Menus uSa thru e, Global, System, and Operating Parameters (Sheet 1 of2) 
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Readout Text USe. Calibration. Parameters 
Parameter 

Number Of Points 
Source Power 
Cal Type 
Start Frequ8ncy 
Stop Frequency 
Load Type 
Connector 

Opsn Device 
CO (e-15) 
Cl (&-27) 
C2 (&-36) 
C3 (8-45) 
ONset Length 

Serial Number 
Shon Device 

ONset Length 
Serial Number 

Anen Settings 
Source 
Test 

, If not installed. displays "NOT INSTALLED" 

XXX 
XXXdBm 
xxxx 
XX.XXXGHz 
XX.XXXGHz 
XXXXXXXXX 
-PORT1­
XXXXXXXXX 

'NOT INSTALLED 
-XXX.XXX 
-XXX.XXX 
-XXX.XXX 
-XXX.XXX 
-XXX.XXXmm , 
XXXXXXXXX 
'NOT INSTALLED 
-XXX.XXXmm 
XXXXXXXXX 

XXdB 

Display Format 

-PORT 2­
XXXXXXXXX 

'NOT INSTALLED 
-XXX.XXX 
-XXX.XXX 
-XXX.XXX 
-XXX.XXX 
-XXX.XXXmm 

XXXXXXXXX 
'NOT INSTALLED 
-XXX.XXX mm 
XXXXXXXXX 

XX.dB 
XXdB 

Figure 3-94. Readout Text, Menus uSa Ihru e, Global, System, and Operating Parameters (Sheet 2 of 2) 
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MENU DESCRIPTION 

CALIBRATION 
COMPONENT 

UTILITIES 

INSTALL 
CALIBRATION 
COMPONENT 
INFORMATION 
FROM DISK 

Reads into memory the coefficient data from the calibration-components 
disk supplied with the calibration kits. 

DISPLAY 
INSTALLED 
CALIBRATION 
COMPONENT 
INFORMATION 

Calls Menu US, which lets you display the connector information for the 
various connectors supported. 

PRESS <ENTER> 
TO SELECT 

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. 

! 

i 

Figure 3-95. Menu U4, Calibration Component Utilities 
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MENU 

DISPLAY 
INSTALLED 
CALIBRATION 
COMPONENT 
INFORMATION 

SMA (M) 


SMA (F) 


K-CONN (M) 


K-CONN (F) 


TYPE N (M) 


TYPE N (F) 


GPC-7 


NEXT 

COMPONENT 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

This menu lets you view coefficient data on the components listed (Figure 
3-104). The data appears in the display area of the screen. 

Select coefficient data to display for the SMA male components. 


Select coefficient data to display for the SMA female components. 


Select coefficientdata to displayfoT the K ConnectorTM male components. 


Select coefficient data to display for the K Connector fe male components. 


Select coefficient data to display for the Type N male components. 


Select coefficient data to display for the Type N female components. 


Select coefficient data to 4isplay for the sexless GPC-7 components. 


Cycles through selections SMA(M) to GPG7. 


Displays menu U4. 

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. 

Figure 3·96. Menu U5, Display Installed Calibration Components Information 

I"arameler uisplay Format 

'NOT INSTALLED 
Open Device 

CO (e-15) 

Connector Type 

-XXX.XXXe-15 
C1 (e-27) -XXX.XXX e-27 
C2 (e-36) -XXX.XXX e-36 
C3 (e-45) -XXX.XXX 9-45 
Offset Length -XXX.XXXmm 
Serial Number XXXXXXXXX 

Short Device 'NOT INSTALLED 
Offset Length -XXX.XXXmm 
Serial Number XXXXXXXXX 

, if not installed Irom disk, "NOT INSTALLED" 
is dis layed 

Figure 3-97. Readout Text Associated With Menu US 
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MENU DESCRIPTION 

SELECT TYPE OF 
COMPONENT 
INFORMATION 

TO DISPLAY 

COAXIAL Selects the values for coaxial line to be displayed. 

WAVEGUIDE Selects the values for waveguide to be displayed. 

PREVIOUS MENU Returns you to the previous menu. 

Pressing the ENTER key implements your menu selection. 
TO SELECT 

PRESS <ENTER> 

.Figure 3·97A. Menu US, Select Type of Component InformatIOn to Display 
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3-6.10 	 Disk Storage Interface and General 
Purpose Menus 

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

1. Disk Fonnat . Disks are MS-DOS compatible. 
The 360 formats them to have 80 data tracks 
per side on 2 sides, with 9 sectors of512 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. 

Tabl" 3-2 File Extensions. 

File Type File Extension 

Calibration, Normal 
Trace Memory 
Measured Data 
Program 

.CAL 
.NRM 
.OAT 
.PRG 

2. Disk FJies. 	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 
andother data. Application -type programs 
cannot read them. File size depends on 
calibration type. For example, 58 KBytes 
for 12 term and 501 points. 

(c) 	 Measured Data Files. These are ASCII 
files used to store actual measurement 
data. They can be read by application-type 

programs. File size depends on selectedop­
tions. For example, 25.6 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 
Adisk is capable ofholding up to 720K bytes ofdata. 
Using the data size assumptions above, a disk would 
be capable ofholding: 

12-Plus Calibration and Front Panel Setups 
or 
180 Sets ofNormalization Data 
or 
28-Plus Sets ofMeasurement Data 

You can also store a downloaded operating program 
on the disk. However, this reduces the number ofthe 
above items thatyou could store. The disk format im­
poses a limitation of112 on the total number ?fd~ 
items. This means the full 360 sets ofnormalization 
data could not be stored on the disk. 

c. 	 Disk and General PurpOBe Menus 
1. Disk Menus. A set of DSK menus used to im­

plement the disks functions are provided in 
Figures3-98 thm 3-103. 

2. General Purpose Menus. 	The menus shown in 
Figures 3-104 thm 3-106 appear as a result of 
choices made in certain of the Disk and Print 
menus. 
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MENU DESCRIPTION 

NO ROOM FOR 
NEW DATA FILES 

OVERWRITE 
EXISTING 
FILES 

DELETE 
EXISTING 
FILES 

PRESS <ENTER> 
TO SELECT 

Allows you to overwrite an existing file on the current data disk. 

Allows you to delete an existing file on the current data disk. 

Pressing ENTER implements your menu selection. You will be returned 
to the previous menu when your selection is made. 

Figure 3·98. Menu DSK3. No Room for New Data Files 

MENU DESCRIPTION 

DISK UTILITY 
FUNCTIONS 

DELETE CAL & Allows you to delete specific calibration and control (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 current 
MEASUREMENT data disk. 
FILES FROM 
DISK 

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 CLEAREILOC key is pressed. 

Figure 3-99. Menu DSK4. Disk Utility Functions 
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MENU 


SELECT CAL & 

FRONT PANEL 


SETUPTO 

DELETE 


FILENAME 2 

FILENAME 3 

FILENAME 4 

FILENAMES 

FILENAME 6 

FILENAME 7 

FILENAMES 

FILENAME 9 

MORE 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 


Selects the file named on thls line to be deleted. (The actual name of the 
file, not "FILENAME 2" will appear.) 

Same as for Filename 2 above. 

Same as for Filename 2 above. 

Same as for Filename 2 above. 

Same as for Filename 2 above. 

Same as for Filename 2 above. 

Same as for Filename 2 above. 

Same as for Filename 2 above. 

The "More" option only displays if there are more than nine files. 

Returns to the previous menu in this series. 

Pressing the ENTER key implements your menu selection. You are 
returned to the previous menu. 

Figure 3·100. Menu DSK5, Select Cal & Front Panel Setup To Delete 
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MENU 


SELECT 
NORMALIZATION 
FILE TO 
DELETE 

FILENAME 1 

FILENAME 2 

FILENAME 3 

FILENAME 4 

FILENAME 5 

FILENAMES 

FILENAME 7 

FILENAME 8 

MORE 

PREVIOUS MENU 

PRESS ",ENTER> 
TO SELECT 

DESCRIPTION 


Selects the file named on this line to be deleted. (The actual name of the 
file, not "FILENAME I" will appear.) 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

The "More" option only displays if there are more than nine files. 

Returns to the previous menu in this series. 

i Pressing the ENTER key implements your menu selection. You are 
returned to the previous menu. 

I 
Figure 3·Hll. Menu DSK6, Select Normalization File To Delete 
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MENU DESCRIPTION 

SELECT 
MEASUREMENT 

FILE TO 
DELETE 

FILENAME 1 

FILENAME 2 

FILENAME 3 

FILENAME 4 

FILENAME 5 

FILENAME 6 

FILENAME 7 

FILENAMES 

MORE 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

Selects the file named on this line to be deleted. (The actual name of the 
file, not "FILENAME 1" will appear.) 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

The "More" option only displays if there are more than nine files. 

Returns to the previous menu in this series. 

Pressing the ENTER key implements your menu selection. You are 
returned to the previous menu 

Figure 3·102. Menu DSK7, Select Measurement File To Delete 

~-

360 OM 3·77 




OISKMENUS III CONTROL PANEL OPERATION 

MENU 

SELECT FILE 

TO READ 


FILENAME 1 

FILENAME 2 

FILENAME 3 

FILENAME 4 

FILENAMES 

FILENAME 6 

FILENAME 7 

FILENAME 8 

MORE 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

Selects the file named on this line to be read. (The actual name ofthe file, 
not "FILENAME 1" will appear.) 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

Same as for Filename 1 above. 

The "More" option only displays if there are more than nine files. 

Returns to the previous menu in this series 

Pressing the ENTER key implements your menu selection. You are 
returned to the previous menu 

Figure 3·103. Menu DSK9, Select File To Read 
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MENU 

SELECT FILE 

TO OVERWRITE 


OR 

CREATE NEW 


FILE 


FILENAME 1 

FILENAME 2 

FILENAME 3 

FILENAME 4 

FILENAMES 

FILENAME 6 

FILENAME 7 

FILENAME 8 

MORE 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

Selects disk File 1 for storing the calibration data or front (control) panel 
setup. Name the file using Menu GP5. 

Selects disk File 2 for storage of data. 

Selects disk File 3 for storage of data. 

Selects disk File 4 for storage of data. 

Selects disk File 5 for storage of data. 

Selects disk File 6 for storage of data. 

Selects disk File 7 for storage of data. 

Selects disk File 8 for storage of data. 

Displays additional menus. 

Displays the previous menu. 


Pressing the ENTER key implements your menu selection. The menu 

remains on the screen until another menu is selected for displa,y or until 

the CLEAR/RET LOC key is pressed. 


Figure 3·104. Menu GPJAl, Select File to Overwrite or Create New File 
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MENU 

SELECT NAME 

ABCDEFGHIJKLM 

NOPORSTUVWXYZ 

0123456789-/# 

DEL CLEAR DONE 

TURN KNOB 
TO INDICATE 
CHARACTER OR 
FUNCTION 

PRESS <ENTER> 
TO MAKE SELECTION 

NUMBERS MAY 
ALSO BE 
SELECTED 
USING KEYPAD 

DESCRIPTION 

Name your file using the rotary knob to select letters, numbers, or both. 

A letter or number turns red to indicate that the letter/number has been 

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." 

You are allowed up to eight characters for a file name and twelve charac­

ters for a label. 


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. 


Use the rotary knob to indicate the letter or number you wish to select. 
You can use the up-arrow and down-arrow keys to move between rows. 

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

You may also select numbers using the keypad. 

Figure 3-105. Menu GP5, Select Name 
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MENU 

GPIBSETUP 

-360 GPIB­

CRlCR-LF 

ADDRESS: 
6 

-SYSTEM BUS­

CRlCR·LF 

INSTRADDR 
o 

SOURCEADDR 
5 

PLOTTER ADDR 
7 

PRESS <ENTER> 
TOSELECT 

DESCRIPTION 

Selects either the CR (carriage return) character or the CR·LF (Carriage 
Return-Line Feed) characters as the data terminator for GPIB transmis· 
sions. 

Selects the GPIB address for the 360 analyzer. The 360 is set to address 
6 before leaving the factory. 

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

Selects the address for the System Bus controller. This is the address the 
360 uses to address the Source. The 360 is set to address 0 before leav­
ing the factory. 

Selects the address for the Source. The Source is set to address 5 before 
leaving the factory. 

Selects the address for a compatible plotter. 

Pressing the ENTER key implements your menu selection. The menu 
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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3·6.11 MARKERSILIMITS Keys and Menus 
(Figure 8-107). 

MARKERS/LIMITS 


(MARKER) READOUT ( LIMITS J
MENU MARKER 

Figure 3.107. MARKERSIlIMITS Keys 

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

b. 	 MARKER READOUT Key 

1. Pressing this key calls menu M3 under the 
following conditions. 
(a) 	If the I!. Reference mode is off and 

(l)there is no selected marker, or 
(2)the selected marker is not in the sweep range. 

(b) 	If the I!. Reference mode is on and 
(l)the I!. Reference marker is nol in the sweep 

range. or 
(2)no Delta ref marker has been selected. 

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

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

c. 	 MARKERS Keys Menus 
The menus associated with the two MARKERS 
keys are described in Figures 3-108 thru 3-112. 

d. 	 Limit Frequency Readout Function 
The 360 is 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 

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

e. 	 UMITSKey 
Pressing this key calls the appropriate Limit (Ln) 
menu. The Limit menus are described in Figures 
3-114 thru 3-123. 
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MENU 

SET MARKERS 

MARKER 1 ON (OFF) 
XX.XXXXXX GHz 

MARKER 2 .1.REF 
XX.XXXXXX GHz 

MARKER 3 ON (OFF) 
XX.XXXXXX GHz 

MARKER 40N (OFF) 

MARKER SON (OFF) 

MARKER 60N (OFF) 
XX.XXXXXX GHz 

MARKERS 
DISABLED 

.1.REF MODE ON (OFF) 

SELECT .1.REF 
MARKER 

PRESS <ENTER> 
OR TURN ON/OFF 

TO SELECT 

DESCRIPTION 

Turns Marker 1 on or off (activates or deactivates). When on (active), the 
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 pcints is considered to be selected. 
The selected marker is the only one for which you can Change 
the frequency. 

Turns Marker 3 on or off (activates or deactivates). When on (active), the 
frequency, time, or distance may be set using the keypad or rotary knob. 

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 knob. 

Turns Marker 5 on or off (activates or deactivates). When on (active), the 
frequency, time, or distance may be set using the keypad or rotary knob. 

Turns Marker 6 on or off (activates or deactivates). When on (active), the 
frequency, time, or distance may be set using the keypad or rotary knob. 

Disables aU markers. 

Selects and deselects the .1.Reference Mode 

Calls Menu M2, which lets you select the .1.REF Marker. 

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. 

Figure 3-108. Menu MI, Set Markers 
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MENU DESCRIPTION 

SELECT 
t.REF MARKER 

MARKER 1 
XX.XXXXXX GHz 

MARKER 3 
XX.XXXXXX GHz 

MARKER 4 
XX.XXXXXX GHz 

PRESS <ENTER> 
TO SELECT 

Marker 1 only appears ifit has been activated in Menu Ml. Placing the 
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 di,... 
played in Menu Ma. The marker frequency may be set using the keypad 
or rotary knob. 

Same as above, but for Marker 3 

Same as above, but for Marker 4 

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. 

Figure 3·109. Menu M2. Select AREF Marker 

MENU DESCRIPTION 

SELECT 
READOUT MARKER 

MARKER 1 
XX.XXXXXX GHz 

MARKER 2 
XX.XXXXXX GHz 

MARKER 5 
XX.XXXXXX GHz 

t.REFMODE 
IS ON 

PRESS <ENTER> 
TO SELECT 

Displays the frequency and S-Parameter value(s) of Marker Ion all CRT-
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. 

Same as for above, but for Marker 2. 

Same as for above, but for Marker 5. 

Indicates the status of the AREF mode. 

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. 

Figure 3·110. Menu Ma, Select Readout Marker 
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~ 

MENU 

CH1-S11 

XX.XXX PS DLY 

MARKER 1 
XX.XXXXXX GHz 
XX.XXXdB 
XXX.xXXDEG 

MARKER TO MAX 

MARKER TO MIN 

2 XX.XXXX GHz 
XX.XXXdB 
XXX.XXXDEG 

3 XX.XXXX GHz 
XX.XXXdB 
XXX.XXXDEG 

/"'" 
4 XX.XXXX GHz 
XX.XXXdB 
XXX.XXXDEG 

5 XX.XXXX GHz 
XX.XXXdB 
XXX.XXX DEG 

6 XX.XXXX GHz 
XX.XXXdB 
XXX.XXXDEG 

DESCRIPTION 

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 c~uld be any 
one ofthe six available markers: Marker 1 thru Marker 6. 

Causes the active marker to go to the frequency with the greatest 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 ofthe active S Parameter 
at marker 2, if the marker is enabled. 

Displays the frequency, magnitude, and phase of the active S Parameter 
at marker 3, if the marker is enabled. 

Displays the frequency, magnitude, and phase of the active S Parameter 
at marker 4, if the marker is enabled. 

Displays the frequency, magnitude, and phase of the active S Parameter 
at marker 5, ifthe marker is enabled. 

Displays the frequency, magnitude, and phase ofthe active S Parameter 
at marker 6, if the marker is enabled. 

Figure 3·111. Manu M4, Readout Marker 
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MENU DESCRIPTION 

CH 1-S11 

XXX.XXX ns DlY 

MARKER 1 tmEF 
XX.XXXXXX GHz 
MARKER TO MAX 
MARKER TO MIN 

8(1 ·2) 
XX.XXXXX GHz 
XX.XXXdB 
(XXX.XX DEG) 

8(1 ·3) 
XX.XXXXX GHz 
XX. XXX dB 
(XXX.XX DEG) 

8(1 ·4) 
XX.XXXXX GHz 
XX.XXXdB 
(XXX.XX DEG) 

8(1 ·5) 
XX.XXXXX GHz 
XX.XXXdB 
(XXX.XX DEG) 

8(1 ·6) 
XX.XXXXX GHz 
XX.XXXdB 
(XXX.XX DEG) 

The REF markel', as activated in Menu M2, its frequency, its reference 
delay, and the channel on which it appears display here. The REF marker 
could be anyone of the six available markers: Ml·M6. 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-numbered 
active marker. The lines below display the difference frequency, (or 
time/distance) and trace vruue(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 Marker5 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 Refmarker and Marker 6 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· 
tivechannel. 

Figure 3·112. Menu M5, Set ,\REF Marker Readout 
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MENU DESCRIPnON 

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. 

-LOG MAG­

LIMIT 1 (REF) Displays the value of Limit 1. 
X.xxx dB 

LIMIT 2 Displays the value ofLimit 2. 
X.xxx dB 

LIMIT 6.(1/2) Displays the difference in value between Limit 1 and Limit 2. 
X.xxx dB 

FREQUENCIES Displays all points where the S Parameter is equal to Limit 2. 
AT LIMIT 2 

2.9843 GHz 
5.7210 GHz 
7.4412 GHz 
9.8764 GHz 
10.3901 GHz 
15.5648 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 LFl 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 

SET LIMITS 

-LOG MAG­

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con­
XXX.XXXdB venience, the arbitrarily set limit lines allow you to delineate a goIno 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
XXX.XXXdB nitude graph. 

READOUT LIMIT Displays Menu LFl, which shows all points where the current 
FREQUENCIES s-parameter equals the limit values. 

-PHASE­

LIMIT 1 ON (OFF) Turns the Limitlline on or offfor the active channel on the phase graph. 
XXX.XXDEG 

LIMIT 2 ON (OFF) Turns the Limit 2 line on or offforthe active channel on the phase graph. 
XXX.XXDEG 

READOUT LIMIT Displays Menu LFl, which shows all points where the current 
FREQUENCIES a-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 screen until another menu ;s selected for display or until 

OR TURN ON/OFF the CLEAR/RET LOC key is pressed. 

Figure 3·114. Menu Ll, Set Limits-Magnitude and Phase 
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MENU DESCRIPTION 

SET LIMITS 

-LINEAR POLAR­
(-SMITH CHART-) 

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con-
XXX.XXX mV 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 (OFF) Turns the Limit 2 line on or offfor the active channel on your Smith chart 
XXX.XXX mV or polar display. 

LIMITS Enables both previously set limit lines to appear for the active channel 
ENABLED on your Smith chart or 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 3-115. Menu LS, Set Limits-Linear PolarlSmith Chart 
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MENU DESCRIPTION 

SET LIMITS 

-LOG MAG­

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active ehanneL For your eon-
XXX.XXXdB venience, the arbitrarily set limit lines allow you to delineate a goIno go 

line on your Log Mag display beyond which the measured values are un­
acceptable. 

LIMIT 2 ON (OFF) Turns the Limit 2 line on or off for the active channel on your Log Mag 
XXX.XXXdB display. 

READOUT LIMIT Displays Menu LFl, which shows all points where the current 
s-parameter equals the limit values. FREQUENCIES 

LIMITS Enables both previously set limit lines to appear for the active channel 
ENABLED on your Log Mag display. 

Pressing the ENTER key implements your menu selection. The menu 
TO SELECT 

PRESS <ENTER> 
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 3·116. Menu lA. Set Umi_Log Magnitude 
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MENU 

SET LIMITS 

-PHASE­

LIMIT 1 ON (OFF) 
XXX.XX DEG 

LIMIT 2 ON (OFF) 
XXX.XXDEG 

READOUT LIMIT 
FREQUENCIES 

LIMITS 
ENABLED 

PRESS <ENTER> 

TO ELECT 


OR TURN ON/OFF 


DESCRIPTION 

Turns the Limit 1 line on or offfor the active channel on the phase graph. 

Turns the Limit 2 line on or off for the active channel on the phase graph. 

Displays Menu LF1, which shows all points where the current 

s-parameter equals the limit values. 


Enables both limit lines for the active channel on a phase graph. 


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. 

Figure 3-117. Menu LS, Set Limits-Phase 

MENU DESCRIPTION 

SET LIMITS 

-LOG POLAR­

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con-
XXX.XXXdB 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) Turns the Limit 2 line on or off for the active channel on your Log Polar 
XXX.XXXdB display. 

LIMITS Enables 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 Limit 1 line on or off for the active channel. For your con­
XXX.XXXdB venience, the arbitrarily set linrit lines allow you to delineate a goIno go 

line on your Group Delay display beyond which the measured values are 
unaccepteble. 

LIMIT 2 ON (OFF) Turns the Linrit 2 line on or offfor the active channel on your Group Delay 
XXX.XXXdB display. 

READOUT LIMIT Displays Menu LF1, which shows al\ points where the current 
FREQUENCIES s-parameter equals the limit values. 

LIMITS Enables both previously set limit lines to appear fur the active channel 
ENABLED on your Group Delay 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-U9. Menu L7, Set Limits-Group Delay 
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MENU DESCRIPTION 

SET LIMITS 

-LINEAR MAG­

LIMIT 1 ON (OFF) 
XXX.XXXdB 

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 golno go 
line on your Linear Mag display beyond which the measured values are 
unacceptable. 

! 

LIMIT 2 ON (OFF) 
XXX.XXXdB 

Turns the Limit 2 line On or offfor the active channel on your Linear Mag 
display. 

READOUT LIMIT 
FREQUENCIES 

Displays Menu LF1, which shows all points where the current 
s-parameter equals the limit values. 

LIMITS 
ENABLED 

Enables both previously set limit lines to appear for the active channel 
on your Linear Mag display. 

PRESS <ENTER> 
TO SELECT 

OR TURN ON/OFF 

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. 

Figure 3·120. Menu LB, Set Limits-Linear Magnitude 
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MENU DESCRIPTION 

SET LIMITS 

-LINEAR MAG­

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 Linear Mag display beyond which the measured values are 
unacceptable. 

LIMIT 2 ON (OFF) Turns the Limit 2 line on or offfor the active channel on your Linear Mag 
XXX.XXXdB display. 

Displays Menu LFl, which shows all points where the currentREADOUT LIMIT 
FREQUENCY s-arameter equals the limit values. 

-PHASE­

LIMIT 1 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 goIno go 
line on your Phase display beyond which the measured values are unac­
ceptable. 

XXX.XXX dB 

Turns the Limit 2 line on or off for the active channel on your Phase dis­
XXX.XXXdB 
LIMIT 2 ON (OFF) 

play. 

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 Phase 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 3-121. Menu L9, Set Limits-linear Megnitude and Phase 
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MENU DESCRIPTION 

SET LIMITS 

-REAL­

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con-
XXX.XXXpU venience, the arbitrarily set limit lines allow you to delineate a golno 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 offfor the active channel on your Real values 
XXX.XXXpU 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 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 3·122. Menu LIO, Set Limits-Real Value. 

MENU DESCRIPTION 

SET LIMITS 

-IMAGINARY­

LIMIT 1 ON (OFF) Turns the Limit 1 line on or off for the active channel. For your con-
XXX.XXXmU venience, the arbitrarily set limit lines allow you to delineate a goIno 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 
XXX.xXXmU 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 another menu is selected for display or until 

OR TURN ON/OFF the CLEAR/RET LOC key is pressed. 

Figure 3-123. Menu Lll, Set Limits-Imaginary Value. 
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MENU 


SET LIMITS 

-REAL­

LIMIT 1 ON (OFF) 
XXX.XXXmU 

LIMIT 2 ON (OFF) 
XXX.XXXmU 

-IMAGINARY­

LIMIT 1 ON (OFF) 
XXX.XXXpU 

LIMIT 2 ON (OFF) 
XXX.XXXpU 

LIMITS 
ENABLED 

PRESS 

TO SELECT 


OR TURN ON/OFF 


DESCRIPTION 


Turns the Limit 1 line on or off for the active channel. For your eon­
venience, the arbitrarily set limit lines allow you to delineate a golno go 
line on your Real values display beyond which the measured values are 
unacceptable. 

Turns the Limit 2 line on or offfor the active channel on your Real values 
display. 

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 golno go 
line on your lmaginiary values display beyond which the measured values 
are unacceptable. 

Turns the Limit 2 line on or offfor the active channel on your Imaginiary 
values display. 

Enables both previously set limit lines to appear for the active channel 
on your Imaginiary values 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 Cf--EARIRET LOG key is pressed. 

Figure 3-124. Menu L12, Set Limits-Real and Imaginary Values 
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3-7 ERROR AND STATUS MESSAGES 

Error and status messages are described below. 

3-7.1 Messag'e Types 

The basic types of messages are categorized by the 
first digit of their code number, as follows: 

000·099 Power Up Self Diagnostic 
000·019 Main #2 
020·039 Main #1 
040·049 10 Proc 
050-099 Analog Hardware 

100-199 System Status 
100-loo Program Load 

110-129 Program Initialization 
130·149 Disk Related 

150·169 Peripheral Related 
200·299 Front Panel Operations 
300-399 Measurement Related 
40()..499 GPIB 

3-7.2 FatalErrors 

Some errors are "fatal" in that they cause the instru· 
ment to terminate operations until you correct the 
condition causing the error. These errors are listed 
with an "X" in the column marked "FATAL." 

3·7.3 Message Definitions 

Table 3·3 provides a listing of error message 
definitions. 

Table 3·3. Error Codes and Status Messages (1 of 4) 

CODE MESSAGE TEXT 

000 
002 
003 
004 
005 
006 
007 
008 
009 
010 

Self Test, Main Microprocessor #2 
FIFO RESET FAILURE 
PROM CHECKSUM FAILURE #2 
BATTERY BACKED RAM FAILURE 
EXTENDED MEMORY FAILURE 
DYNAMIC RAM FAILURE #2 
TIMER FAILURE #2 
INTERRUPT CONTROLUER FAILURE 112 
NUMERfC PROCESSOR FAILURE #2 
FRONT PANEL INTERFACE FAILURE 
PRINTER INTERFACE FAILURE 

FATAL 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

MEANING 

FiFO failed to reset, PCB A 12 
Prom failure, PCB A12 
Non volitile RAM failure, PCB A 12 
Failu,e in the extended memory, PCB A12 
Dynamic RAM failure, PCB A 12 
Programmable timerfailure,PCB A 12 
Interrupt comtroller failure PCB, AI2 
Numeric processor failure, PCB A 12 
Interface failure, front panel, PCB A 12 
Printer or interface failure PCB A12 

Self Test, Main Microprocessor #1 
020 FIFO TO # 2 FAILED RESET X 
022 FIFO TO VO FAILED RESET 
023 PROM CHECKSUM FAILURE #1 X 
024 DYNAMIC RAM FAILURE #1 X 
025 TIMER FAILURE #1 X 
026 INTERRUPT CONTROLLER FAILURE #1 X 
027 DISK DRIVE CONTROLLER FAILURE 
028 DISK DRIVE FAILURE 
029 NUMERIC PROCESSOR FAILURE #1 X 
030 PROM CARTRIDGEE CHECKSUM ERROR 
031 DISK DRIVE NOT READY FOR TEST 

Interface failure with FIFO, PCB A 12 
Interlace failure with FIFO PCB AI3 
Checksum error, PROM PCB A 13 
Dynamic RAM failure, PCB A13 
Programmable timer failure PCB AI3 
Interrupt controller failure PCB A 13 
Disk drive controller failure ,PCB A 13 
Disk drive SEEK failure, PCB A13 
8087 math coprocessor failure 
PROM cartridge lailure PCB A13 
Diskette is not in disk drive 

Self Test, 110 Processor 
040 PROM CHECKSUM FAILURE 110 X PROM failure, PCB All 
041 RAM FAILURE 110 X RAM failure, PCB All 
042 TIMER/INTERRUPT LOOPBACK FAILURE X Programmable timer failure, PCB All 
043 GPIB INTERFACE FAILURE I/O GPIB failure, PCBAll 
044 FIFO FAILURE I/O X FIFO failure, PCB All 
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Table 3·3. Error Codes and Status Messages (2 af' 4) 

CODE MESSAGE TEXT 	 FATAL MEANING 

050 Al COMMUNICATIONS FAILURE LO 1 Phase Lock PCB Error 
051 A2. COMMUNICATIONS FAILURE LO 2 Phase Lock PCB Failure 
052 A:3 COMMUNICATIONS FAILURE CaVThl,d Local 0 scillator PCB Failure 
053 A4 COMMUNICATIOONS FAILURE Analog 10 digital PCB failure 
054 AS COMMUNICATIONS FAILURE 10Mhz Reference PCB failure 
055 A6 COMMUNICATIONS FAILURE Source lock PCB failure 
056 Al0 COMMUNICATIONS FAILURE Bandswltch blank/sync PCB 
057 eBIT AID CONVERTER FAILURE Failure AID PCB A4 
058 STEERING DAC FAILURE Failure AID PCB A4 
059 12 BIT AID OR STEERING DAC FAILURE Failure AID PCBM 
060 TEST SET NOT CONNECTED OR NOT 

WORKING General failure of test set 
061 TEST SET CHAN A CAL PHASING FAILURE Test set CHAN A failure 
062 TEST SET CHAN A CAL LEVEL FAILURE Test set CHAN Afailure 
063 TEST SET CHAN A GAIN FAILURE Test set CHAN A failure 
064 TEST SET CHAN A PHASE RANGING FAILURE Test set CHAN A failure 
065 TEST SET CHAN B CAL PHASING FAILURE Test set CHAN B failure 
067 TEST SET CHAN B GAIN FAILURE Test set CHAN B failure 
068 TEST SET CHAN B PHASE RANGING FAILURE Test set CHAN B failure 
069 TEST SET REF CHAN CAL PHASING FAILURE Test set REF CHAN failure 
070 TEST SET REF CHAN CAL LEVEL FAILURE Test set REF CHAN failure 
071 TEST SET REF CHAN GAIN FAILURE Test set REF CHAN failure 
072' TEST SET REF CHAN PHASE RANGING Test set REF CHAN failure 

~~ 

System Status, 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 DATA ERROR ON # 2 Program for processor #2 failed to load 


Program Initialization 
110 SOURCE ID FAILURE 	 No sweeper ID on GPIB; sweeper may 

not be connected. 
111 TEST SET NOT CONNECTED X 	 Innializatlon detects a descrepancy. 
112 	 TEST SET FREQ. RANGE X Innializatlon detects 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 PROGRAM ERROR X 	 Program corrupted. 
115 PROCESSOR COM ERROR X 	 FIFO Synch problem Disk Related. 

Program Initialization, Disk Related 
131 DISK READ ERROR 	 Hard error reading from disk. 
132 DISK WRITE ERROR 	 Hard error writing to disk. 
133 FILE DELETION ERROR 	 Write protect tab is in 'read only· position. 
134 DISK NOT READY 	 Disk not in unit Or not formatted ~..-.". 

135 DISK WRITE PROTECTED 	 Write protect tab is in "read only" position. 
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Table 3-3. Error Codes and Status Messsgas (3 of4) 

CODE MESSAGE TEXT FATAL MEANING 

136 
137 
138 
139 
140 
141 

170 
171 

200 
201 

208 
209 

210 

213 

216 

217 

219 
220 
221 
222 

223 
224 

225 
226 

227 

228 
229 
230 
231 

232 
233 
234 
235 

OUT OF DISK SPACE 
FILE IS INCOMPATIBLE 
NO SPACE FOR NEW DATA FILE 
FILE MARKED READ ONLY 
NO FILES REMAIN TO OVERWRITE 
NO FILES REMAIN TO DELETE 

Program Initialization, Peripheral 

PRINTER NOT READY 
PLOTIER NOT READY 

Control Penel 
SELECTED FREQUENCY OUT OF CAL RANGE 
MARKERS SELECTED FOR READOUT NOT 
ACTIVE IN SWEEP RANGE 
OUT OF RANGE 
START GREATER THAN STOP 

OUT OF RANGE,20 PERCENT MAX 

OUT OF HIW RANGE 

TOO MANY POINTS, 
501 MAXIMUM 
TOO FEW POINTS, 
2 MINIMUM 
DISCRETE FREas LOST 
OUT OF SWEEP RANGE 
OPTION NOT INSTALLED 
MEAS. DATA NOT AVAILABLE 
FOR STORAGE 
NO STORED MEMORY DATA 
SYSTEM BUS ADDRESSES 
MUST BE UNIQUE 
SYSTEM UNCALIBRATED 
MEMORY LOCATION 
CORRUPTED 
SETUP INCONSISTENT 
RECALL ABORTED 
WINDOW TOO SMALL 
OUT OF WINDOW RANGE 
ATIENUATOR UNAVAILABLE 
START MUST BE LESS THAN 
STOP 
ILLEGAL IN C.w. MODE 
ILLEGAL IN TIME DOMAIN 
BOTH LIMITS MUST BE ON 
Stop is Over Range 

Disk tile space full 
File is not a 360 data or program file. 
Disk file space full. 
Read-only attribute set on file. 
All files of the type have been deleted. 
All files of the type have been deleted. 

Printer "off lina" or not connected. 
Plotter "off line" or not connected. 

Cal. range does not include selected frequency. 

Sweep range does not include selected frequency. 
Attempted to enter an out-of·range parameter. 
Attempted to a set start frequency that was 
greater than tha stop frequency. 
Attempted to enter a smoothing or group delay factor 
that was greater than 20%. 
Attempted to enter a frequency that is outside of 
the system hardware range. 
Attempted to sat \00 many discrete 
frequency points. 
Attempted to sel too few discrete frequency poinlS. 

Setup changed in N-discrete frequency mode. 
Attempt to set marker outside sweep range. 
The selected optlion is not installed 
No measured data on channel to be stored. 

No data available in memory for channel. 
Attempt to set GPIB addresses to same value. 

no cal exists. 
Saved state data is invalid. 

Saved slate not compatible with hardware or 
software version 
Attempt to set start greater than or equaltD stop. 
Attempt to set marker outside start to stop range. 
Selected attenuators not available in test set 
Attempt to set slart gremsr than or equal to slop 
in marker sweep 

Attempt to readout limit frequency. 
Attempt to readout limit frequency. 
Attempt to readout limit frequency. 
Discrete fill parameters cause stop to go over 
hardware range 
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Table 3-S. Errm- Codes and Status Messages (4 of 4) 

CODE MESSAGE TEXT 

238 Out of Ramge 10 % Minimum 
270 UNCALIBRATED 

271 PRINTER NOT READY 
272 TOO MUCH PRINT DATA 

273 PLOTTER NOT READY 
280 CAL INVALID 
281 TIME DOMAIN INVALID 

282 GROUP DELAY INVALID 

.283 GATE MUST BE ON 

284 SMOOTHING INVALID 

285 MEMORY DATA INVALID 

Measurement Related 
300 LOW IF 

301 LOCK FAILURE 

302 AID FAILURE 

303 RFOVERLOAD 

310 SWPR ID FAILURE 
311 SWPR SELF TEST FAILURE 

312 NO TEST SET 

FATAL MEANING 

Attempt to set pen speed to below 10% 
Channel has S parameter lor which 
calibration does not exist. 
Printer not connected or paper out. 
Print buffer is lull. Reduce number of channels 
or data points. 
Plotter not connected. 
Calibration is incorrect lor S parameter displayed. 
Time domain cannot be used 

in current setup 

Group delay cannot be used 

in current setup 

Attempt to select Frequency With 

Time Gate wHh gate off. 

Attempt to use smoothing while 

in C.W. mode. 

Setup has changed since data was stored. 


Insufficient signal level detected: 

Device under test may not be connected. 

RF source failed to lock to reference 

oscillator in 360 testset. 

Analog to Digital convertor not 

functioning in 360 mainframe. 

Test signal level is too high: reduce 

source level or add attenuation. 

Communications lost with RF source. 

RF source lailed power on 

self test program. 

Test set not connected. Reconnect and cycle 

pow"r to clear 

GPIB Related 
400 GPIB ERROR Data transmission error on GPIB 
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3-8 DATA DISPLAYS 

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 S-Parameter and a different graph 
type for each S Parameter. As you select each chan­
nel the graph type, scaling, reference delay, S­
Parameter, etc. associated with that channel appear 
on the screen. You can display the same S-Parameter 
on two 01' more channels. Figure 3-125 shows the 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. 

a. 	 Graph Data Types 
The data types (real, imaginary, magnitude, 
phase) used in the displayed graph-types reflect 
the possible ways in which S-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. Raal 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 

Dual Channel Display 

CH10rCH2 


CH30rCH4 


Four Channel Display 

CH1 CH2 

CH3 CH4 

Channel 1 , 2, 3, or4. You seleC! this display type by choos­
ing ·single display' on menu CM (Figure 3-73). Possible 
graph-types are e~her single Sm~h, polar, or rectilinear or 
dual rectilinear (ma9n~ude and phase). 

Channels 1 and 3 or 2 and 4. If you have chosen to display 
magnitude and phase, the affected area of the CRT screen 
is subdivided into two smaller portions. You select this dis­
play type by choosing "Dual Display' in Menu CM. 

Channels 1, 2, 3 and 4. From four-to-eight graph-types are 
displayed. In each quadrant, the graph-type can be any of 
the possible choices listed in the OT menus (Figure 3·76 
and 3·77) . If you have chosen to display magnitude and 
phase for a channel, the quadrant displaying that channel 
is further subdivided as described above. You select this 
display type by choosing "All Four Channels' in menu CM. 

Figure 3-125. Types of DispJays 
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0.15000 .Hz 18.0000 

Figure 3-126. Single Display 
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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-IJ,S). With one exception, the reference-

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 
Figures 3-130 thru 3-135 show examples of each a. 	 Marker Annotation
graph-type. Figure 3-136 shows how the 360 annotates 

markers for the different graph-types. Each 
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Figure 3-130. Linear Polar Graticule Figure 3-l32. Dual Channel Rectilinear 
Graticule 

921 FWO TRANS ~REF-O,002dB ().OO:1dB/CIV 
90 

-90 
0.5000 - 18,0000 GHz 

B21 FORWARD TRANSMt9StON 
IMPEOANCE :1 

-.' 

0.5000 - :1S.0000 ~ 

Figure 3·131. Log Polar Graticule 	 Figure 3·l33. Normal Smlth Chart 
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Figure 3·136. Marker Annotation 
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Figure 3.134. 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 below the 
symbol. 
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Figure 3·135. 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· 
ping. 
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b. 	 Marker Designation 
Depending on menu selection, you may designate 
a maTkeT as the "active" 01' the "delta reference" 
marker. Ifyou 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
tence) with the Data Entry keypad or knob. Ifyou 
have chosen it to be the delta-Teference marker, 
a delta symbol (t.) appears one character space 
above the marker numbedor one character space 
below a "flipped" marker). If the marker is both 
active and the delta reference marker, the num­
ber and the delta symbol appear above (below) 
the marker. Tbe delta symbol appears above 
(below) the number. 

3-8.4 Limits 

Limit lines function as settable maximum 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 liners) will move automatically and 
thereby maintain their correct valuers). 

Each channel has two limit Jines (four for dual dis­
plays), each of which may take on any value. Limit 
Jines are either horizontal 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 lea 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 resolution. When changing from 
a full-screen display to half- or quarter-screen 

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 
comer of the data-display area (Figure 3-137). 
They appear at the same vertical position as line 
2 of the menu area. Ifmore than one message ap­
pears, they stack up on below that line. 

DATA DISPLAY AREA MENU AREA 

Sweep Indicator Marker 
j... ,........................................... 


Figure 3·137. Display Screen Showing the Data-Dis­

play and Menu Areas and Sweep Indicator Marker 


c. 	 Measurement StatuB 
The 360 displays measurement-status messages 
(in red when appropriate) in the upper-right 
comer of the graticule (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 instrument is indeed sweeping. 

The indicator-a blue 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 indicatorwilJ stop changing until the sweep 
resumes. 
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Figure 3-1.38. Active Channel Algorithm 

3·8.6 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 a 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 S· 
Para~eters 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: 

S21 and S12: Log Magnitude and Phase 
S11 and S22: Smith. 

c. 	 Data Display Update 
When you change a control panel parameter that 
a~ects 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 d~ 
not have to wait for the next sweep to see the 
results of the change. The following parameters 
are supported for this feature: 

Table S"..	DispayI TypesandDe£auIts by Correction Type 

Displayable Defaults 

Correction Type 
 S-Parameters CH1 CH2 CH3 CH4 

None All S21 Sa2S'2S" 
Frequency R8sponse 

Transmission S21 S21S21 S21 S21 
Reflection S11 S" S" S" S" 

S11, S21 Both S21 S21S" S" 
l-Palh 2-Pott S11,S21 S21 S21S" S" 

All12·Term S21S12 S22S" 
R8/1ection Only SII S" S" S" S" 

: 
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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. 

d. 	 Display ofMarkers 
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. 

e. 	 Hard Copy and Disk Output 
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 ofthis output is con­
trolled by the OUTPUT keys. 

f. 	 Tabular Printout 
Tables 3-5 thru 3-7 contain examples ofthe prin­
tout formats. These formats are used as follows: 

1. Tabular Printout Format: Used when printing 
three or four channels. 

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 110, Date, Operator, 
Page) appears on each page. When using the 
360SS sweeper, frequencies are in the format 
"XX.XXXX." When using the WILTRON Model 
2225C Ink Jet printer, place all of the rear panel 
MODE SELECT switches in the down (OFF) 
POSITION. 

g. 	 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. 

h. 	Plotter Output 
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 7470A 

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). 

i. 	 Disk Output 
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 

(KIL!8!!!) 
llO tElm !Hi.m 

1Ua.: TESIJ(VICE 
!£VICE !D: lZIfij78 

MlE: 8~ 
(IDAI(Ii: RII(SMT 

Pago 1 

sum DaIA 
STMI: D.5000 6Hz 
SlOP: 18.0000 IiiU 
SJ[P: lSO.O I1I\z 

Gl!I'f STfIRI: 
6II1[ SlOP: 
GAI[: 
UIMIKIJ: 

£I'lIIlr rTIIIr. .. 
AU£RAGIII&: 1 PIS 
If BIIWllIK: I!£IlIICED 

HIlRit[IER: 
HOiIIIill1ftJIOI!: 
I!£f DELIII': 
S/1OOII!IIIO : 
O[UI'IIlPERIIJll[: 

----..------eMI---------­
511 
Off 

0.000 jill 

0.0 P[iC(1fl 

-----.------tJl2-....--..--­
511 
Off 

0.006 ps 
n.o P£RCUI 

..----------00----------­
511 
Ilff 

0.000 ps 
0.0 P[RtfMI 

________..~c-----.-.--
522 
orf 

0.000 p. 
0.0 mcnl 

MRm5: 

"II fREQ 
6Hz 

Rf,5ISIIIHC£ 
OllIS 

R£RCIRMC[ 
0lI1S 

IIIIGKlIUlJ[ 
dB 

.PHllSE 
IlojJ 

IftlOOIUIJ[ 
dB 

fIIIl5( 

Deg 
i[SlSllIHCf 

0lI1S 
RElit IRIIC[ 

0lI1S 

1 
3 
5 

l.m 
1.(1650 

1l.18SO 

8S.103E·00 
31.349['00 
11.715(·0IJ 

-11.910['00 
-1.5111['00 
-6.51'1:·00 

3.119 
1.20/ 
Ul1 

-151.691 
-0.861 
59.m 

11.011 
12.189 
11.128 

00.136 
-21.115 

-105.100 

19.825['00 
68.958['00 
31.3119£'00 

20.116['00 
·lI.059['00 
-6.206£'00' 

6 	 If).5150 31Ul21::<00 -28.090['00 1.372 29.832 11.911 15.988 73.613['00 -55. BIl ['Iro 

fR[QOCIItV POIKIS: 

PHT fiEG R[SISTilItt[ R[ACIAIIt[ IIIISlIIIIIIl£ PHAS( IWiIUlUll[ I'IIIIS[ R[SISI!IIII:f RIJ[lMC[ 


I .Gl1, 0lI1S 0lI1S dB Oeg dB e.g 01tlS OllIS 


1 0.5000 11.213['00 -lum .iJO 1.618 110.110 U,1lIlt. -9.8111 111,151['/lil 56.388[.00 

2 l.mo 63.165£'00 -5.W·00 1.151 -31,819 11.883 -3t-ill la.215['OO 16.530['00 

3 um 11.5/9['00 -1. 11l1£.1lIJ 6.121 106.8311 lZ.569 12.251 1£.151['09 11,190['00 

1 1,1050 60••'00 13,S69['08 6.168 -11.869 11.m 13.697 3U13E+iJll 3,711[·00 

5 3.1100 39.511['00 -1.783[000 1.195 m.88S 11.516 118.159 50.1&3['011 -i,1h8E'OO 

6 1, I "'. UIS 11,138 -111.085 19, mE'OO 1>.016[·00 


-"1 m 18.501['00 i,312['00
I~ 
"', ,38['00 1.915['00 5,;., '..... 

11 .._".mo 59. 016E -00 8.158['00 3. 1S5 61.012 
~ 16,6/00 50.W·00 -11.5%[·1IIl 1.389 -112.331 9. '11 12.819 ''''.,.'", 
! 	 11 11.1050 b6.531[·00 -31.1m('00 1,31\ 55.616 l.1iOO 59.381 11.a![·00 11. 928£-00 

25 18.0000 59.151['00 1.583£'00 3.536 155.551 10,693 9,~1 160.1\3(-00 10. t3'J[·oo ~ 

I 
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Table 3·6. Example ofan A1ternate·Data Tabular Printout 

".-, 

(HILTROIO 
:JiO I£1lIlII( 1m.V!R 

MODEL: 
DEVICE 

TEST_DEVICE 
10: 12345&78 

DATE: 
OPERATOR; 

8/28/87 
ROY_STEWART 

SWEEP DATA 
START: 
STOP: 

0.5000 GHz 
18.0000 GHz 

GATE START: 
GATE STOP: 

STEP: 350.0 MHz 

5-PARAMETER: 
NORMALIZI\TION: 
REF DELAY: 
SMOOTHING: 
DELAY APERTURE: 

MRKERS: 

MKR FREQ 
11 GHz 

1 7.8500 
3 4.6650 
5 13.4850 
6 10.5450 

FREQUENCY POINTS: 

PNT FREQ 
11 6Hz 

1 0.5000 
2 1.2350 
3 1.9700 
4 2.7050 
5 3.4400 
6 4.1750 
7 4.9100 
8 5.6450 
9 8.3800 
10 7. I 150 
II 7.8500 
12 8.5850 

GATE; 

WINDOW: 


------------CH1----------- ­
511 

OFF 


0.000 ps 

0.0 PERCENT 

RESISTANCE REACTANCE 
OHMS OHMS 

85.621E+00 -11.990E+00 
37.355E+00 -4.512E+00 
41.736E+00 -6.530E+00 
38. 324E+00 -28. 107E+00 

RESISTANCE REACTANCE 
OHMS OHMS 

47.248E+00 -14.036E+00 
83. 171E+00 -5.023E+00 
42.523E+00 -7.461E+00 
60.398E+00 13.547E+00 
39.52IE+00 -7. 777E+00 
42. I 78E+00 6.193E+00 
85. 105E+00 377. 203E-03 
50.254E+00 -7.799E+00 
71.803E+00 26.052E+00 
55. 862E+00 -1.837E+00 
85.621E+00 -11.990E+00 
41.437E+00 24.506E+00 

Page 

ERROR CORR: NONE 
AVERAGING: 1 PTS 
IF BNDWDTH: REDUCED 

------------CH3----------- ­
521 
OFF 

0.000 pe 
0.0 PERCENT 

MAGNITUDE PHASE 
dB Oeg 

12.005 S8.881 
12.4S2 -21.169 
11. 121 -105.378 
I 1 .939 45.982 

MAGNITUDE PHASE 
dB Deg 

13.006 -8.877 
12.874 -32.635 
12.557 22.233 
12.226 73.679 
12.538 128.750 
12.328 -177.098 
12.097 -124.948 
12.627 -69.019 
12.001 -18.102 
12.188 35.397 
12.005 88.681 
11 .976 143.947 
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Table 3-7. Exampleofa Screen-Dump Header 

(HILTRON) 
lill£i'lllll( • 'IZER 

Iml: 1!ST.!IUl£E 
Il1II£E 10: 12w..678 

SIlfIP 01118 
rntIf C!1I!lr _5TIlRT: O,\lIOO GIl, ilIII'f START: 

ST01': 18,0000 6IIz OOTC STili': AlI£RI!IJIIIIl: I PIS 
ST£JI: 350.0 l1li2 lillIE: If BOIH: II£IJJC(O 

UIHIlOII: 

.......---OIJ~--...... 
S-P1!Rll!tm: SI1 512 521 S22 
HOIlIAI.IZAHOM: orr orr orf orf 
REf O£lR'l: 0,000 ps 0,000 ps 0.000 ps 0.000 ps 
!I1IIOTMII16: 0.0 pcmJll 0,0 P£RC(jII O. 0PER££IIT 0.0 PERinI 
OWl'! RPWURE: 

·---·--·--t~I···"""-· -----.-••CH2--.---. --._--.-£lIf ........ - .. 


511 512 LOGM+F' 

Z ,.... ~O.OOO~B 10.000d8/ 
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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 2 BIAS INPUT: Provides for applying an ex­
ternal bias to the active device connected to test 
port 2 w~hout 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
nallines 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. 

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 
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Figure 3·140. Model 360 Network Analyzer Rear Panel Connectors (1 of2) 
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10 MHz REF inpu!-line power. The line voltage must be between 
IN: BNC connector that allows an external ... 5% and -10% of the nominal, input 100-120 or 220­
10 MHz signal (-5 to +5 dBm) to be used as !he 240 Vac value. 
frequency relerence for phase locking the source 
frequency, son impedance. ® OUTPUT 
OUT: BNC connector that allows the internal PRINTER: 36-pin connector that provides a paral­
10 MHz reference to be used to phase lock an ex­ lel interlace to the companion printer. Figure 3-144 
ternal counter or other measuring instrument. describes the signal lines and shows the connector 
Level is typically 0 dBm into son impedance. pinout. 

COMP VIDEO: RCA phono jack that provides a 
360 GPIB: 24-pin connector Ihat provides for television composite-video signal for displaying the 
remotely controlling the 360 from the IEEE-48B bus 360 CRT display(s) on an external black and white 
(GPIB). Figure 3-142 provides a pinout diagram. (BfW) television monitor. 

EXT CRT: 15-pin connector that provides a variety 
TEST SET: of signals for displaying the 360 CRT display(s) on 

SIGNAL: 17-pinn-video connector that provides different types of color and Brw monitors, Figure 3­
signal and control lines forthe companion test set. 146 describes the signal lines and shows the con­
Figure 3-143 describes the signal lines and shows nector pinout. 
the connector pinout CRT INTEN: Control that adjusts the screen inten­
CONTROL: 37-pin connector that provides sig­ sityof the external monitor. 
nal and control lines for the companion lest set. CRT DEGAUSS: Momentary-on pushbutton that 
Figure 3-145 describes Ihe sig nallines and shows degauses the internal color monitor, It has no effect 
the connector pinout. on a monochrome monitor. 

LINE FUSE: 3 AG fuse cartridge that protects for an ® SOURCE CONTROL 

input-overeurrenl condition. The luse should be 4A BANDSWITCH BLANKtNG. Not presently used. 

for line voltages between 100 and 120 Vee and 2A EXTFM0LOCKOUTPUT. Provides a -6 

lor line voltages between 220 and 240 Vee. MHzNolt Signal to phase lock the sweeper to the in­


ternal (crystal) relerence for exact frequency control. 
LINE SELECllON: Slotted control thaI switches SYSTEM BUS: 24-pin connector that provides for 
belween 110 and 220 Vac line voltages. remotely controlling the frequency source and plot­

ter-lrom the 360-via the IEEE-488 bus (GPIB), 
line Voltage Module: Three-prong ae plug and Figure 3-142 provides a pinout diagram. 
module that provides filtering lor the 50160 hertz 

Figure 3-140. Model 360 Network Analyzer Rear Panel Connectors (2 of2) 
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GPIB Int&rface: 24'pin connector that provides 
for remotely controlling the frequency source from 
the IEEE·48B bus (GPIB)-via the 360 system 
bus. Figure 3·140 provides a pinout diagram. 

ADDRESS SWITCH: Provides lor changing the 
GPIB address. The address is setlo 5 belore leav­
ing the factory. Reier to Section 2. paragraph 2-6 
for instructions. 

EXT FM 0LOCK INPUT Accepts a -6 MHzl Volt 
signal to phase lock the sweeper to the internal 
(crystal) reference for exact frequency control. 

Line Selector Module: Provides for selecting 
between four in!emalional line voltages; 100, 
110/120, 200, 2201240 Vae. Refer to Seclion 2, 
paragraph 2·5 for instructions on how 10 change 
10 a differenlline vollage. 

Figure 3·141. Mod.1360SSXX ~'requency Source Rear Panel Connectors 
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24 12 

23 ,.11 

22 

21 • 
20 •,.,. 7 

• ,.11 • 
15 • 

4 

""",.
14 • 
13 

PIN 

1-4 

5 

6 

7 

8 

9 

10 

11 

12 

13-16 

17 

18­
24 

NAME 

010 1 thru DIO 4 


EOI 


DAV 


NRFD 


NDAC 


IFC 


SRO 


ATN 


Shield 


DIO 51hru DIO 8 


REN 


GND 


Pinout Diagram 
DESCRIPTION 

Data InputJOutput. Bits are HIGH w~h the data Is logical 0 and LOW when 
the data is logical 1. 

End Or Identify. A low-true state indicates that the last byte of a mullibyte 
message has been placed on Ihe line. 

Data Valid. A low-Irue state indicates that the talker has (1) sensed thaI 
NRFD is LOW, (2) placed a byte of data on the bus, and (3) wa~ed an ap­
propriate length of time for the data to seltle. 

Not Ready For Data. A high-true state indicates that valid dala has nol yet 
been accepted by a liSlener. 

Not Data Accepted. A low-true stale indicates that the current data byte 
has been accepted for internal processing by a lislener. 

Inted8Cfil Clear. A low-true stale places all bus instruments in a known 
state-such as, unaddressed to talk. unaddressed to listen, and service 
request idle. 

Service Request. A Iow-lrue Slate indicates that a bus instrument needs 
service from the controller. 

Att9lltion. A low-true state enables the controlier to respond both to its own 
liSlenltalk address and to appropriate interlace messages- such as, 
device clear and serial poll. 

Ground point. 

Data /nputJOulput. Bns are HIGH w~h the data is logical 0 and LOW when 
Ihe data is logical 1. 

Remote Enable. A low-true slale enables bus instruments to be operated 
remotely, when addressed. 

Logic ground. 

Figure 3-142. Pinout Diagram, GPIB Connector 
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PIN 

1 

2 

3-8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

AI 

J\2. 

A3 

A4 

A5 

AS 

A7 

NAME 

EXT AID 

EXT AID RTN 

Spare 

lO2l0CK 

L02LOCK RTN 

L02 DAC 

l02 DAC RTN 

Spare 

LOl LOCK 

LOl LOCKRTN 

LOl DAC 

LOl DACRTN 

CHNAIF 

FIRST La 

SOURCE LOCK 

3rd LaiCAL 

CHN REF 

SECOND LO 

CHN B IF 

11 .. 

" 
" 
" 
" 
" 10 

0 ®• 
0• 

7 0 

0 ®• 
0• 

~ 

o ® 
0 

0 
0 ® 
0 

0 

0 ® 
0 

, 
, 

, 

0 

0 ® 
0 

0 ® 
~ 


AI 

A2 

.. 


.. 

AS 

., 

Pinout Olagram 
DESCRIPTION 

External analog-to-digital-converter input. 


Return for EXT AID converter input. 


2nd local oscillator phase-lock error signal. 


Return for 2nd La phase.lock error signal. 


Local Oscillator 2 loop gain. 


Relurn for L02 DAC loop gain. 


1SI local oscillator phase-lock error signal. 


Return for 1st local oscillator phase·1ock error signal. 


Local oscillalor loop gain. 


Return for LOl loop gain. 


Channel A 3rd IF. 


Rrst local oscillator reference. 


Source lock IF signal. 


3rd local oscillator/S3 1/3 kHz IF cal. 


Reference channel. 3rd IF. 


Second local oscillator reference. 


Channel B 3rd IF. 


Figure 3-143. Pinout Diagram. Signal Connector 
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• 
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" 
" • 
8 

• 
•.. " 

.. 

n 

n .. 

8 

" 

" 
" 
" 

PIN 

1 

2-9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20-27 

NAME 

STROBE 


DATA1 thru DATA8 


ACKNLG 


BUSY 


PE 


SLCT 


AUTOFEEDXT 


NC 


OV 


CHASSISGND 


NC 


STROBERTN 


DATARTN 


Pinout Diagram 
DESCRIPTION 

Printer Strobe. A low-lrue pulse that lells the printer valid data has been 
placed on Ihe bus. 

Datil Unes. B~s are HIGH when the data is a logical 1 and LOW when the 
dala is a logical O. 

Printer Acknowledgement. A low-true, approximately 5p.s, puis .. s .. nt back 
by Ihe print .. r to acknowledg .. thallhe data has b .... n accepted. 

PrinterBusy. High-true level sent by the printer to indicate that ij is not avail­
able. This line is HIGH at the following times: (I) During data entry. (2) 
While printing. (3) When oH-line. (4) When a printer-error has been sig­
naled. 

Printer Error. High-lrue level s .. nt by the print .. r to indicate that it is out of 
paper. 

Se/sct. A high-true logic level. 

Automatic Paper FlHld. A low-lru .. level that tells the print .. r to f .... d the 

papar automatically. 


No Connection 


Logic GND Level 


Chassis ground, which is isolated from logic ground. 


No Connection 


Raturn line for STROBE signal. 


Return lin .. s for DATAl thru DATA8Iines. 


Figure 3·144. Pinout Diagmm, Printar Connector (1 of2) 
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PInout Dfagram (Contfnlued) 
PIN NAME DESCRIPTlON 

28 ACKNLGRTN ! Return line for ACKNLG signal. 

29 BUSYRTN Return line lor BUSY signal. 

30 PERTN I Return line for PE signal. 

31 INIT Printer Initial State. A low-true pulse that tells the printer to assume ~s ini­
tial state and clear its print buffer. 

32 ERROR Printer Error. A low-true signal that indicates the printer is (1) out of paper, 
(2) off line, or (3) in an error state. 

33 GND Ground level. 

34 NC No Connection 

35 +5V +5 volt de level. 

36 SLCTIN Printef Select Input. A Iow·true level that permits the printer to accept data. 

Figure 3·144. Pinout DiagTllm, Printer Connector (2 of2) 
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PIN 

1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


14 


IS 


16 


NAME 

Chassis ground 


+8VRTN 


+8V 


+18V RTN 


+18V RTN 


+18V 


-lev 
+27V RTN 


+27V 


Spare 


STATUS 


Spare 


LLOAORTN 


TS STROBE RTN 


OATARTN 


01 


19,.?o37 

0036 


17
0
035 


16
0 
34 
 0 15
0
33 
 0 14
0 
32 
 0 

13
0 
31 
 0 

12
0 
3() 0 

11
0
29 
 0 

10
0
2. 0 9
027 
 0 

B026 
 0 
7
025 
 0 

0 6

24 
 0 

5
023 
 0 
4
022 
 0 
3
021 
 0 
2
20 


360005
~ 
Pinout Diagram 

DESCRIPTION 

Return for the +8V input. 


+8V input. 


Return lor the + 18V input. 


Return lor the +1ev input. 


+18V input. 

+18V input. 

Return lor the +27V input. 

+27V input. 

A logie-low-signal level indicates that the slatus oIlhe lest sel is nol salis­
lactory lor Ihe measurement 01 dala. 

Return for the L LOAD Signal. 


Return for Ihe Test Set STOBE signal. 


Return for Ihe 00-07 data/address lines. 


Data/Address Lines. Bits are HIGH when the data/address signal is a 

Figure 3-145. Pinout Diagram, Control Connector (1 of2) 
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Pinout Diagram (ContInued) 
PIN NAME DESCRIPTION 

17 03 Same as above. 

18 05 Same as above. 

19 07 Same as above. 

20 Spare 

22 +8V +8V Input. 

23 +18V RTN Return for the + leV input. 

24 +16V +16Vinpul. 

25 +18V +18Vinput. 

26 -18V -18V input. 

27 -27VRTN Return for the -27V input. 

28 -27V -27Vinput. 

29 STATUSRTN Return for the STATUS signal input. 

30 Spare 

31 Shield 

32 LLOAD IN A logic low signal causes all of the required data for the next frequency 
point to be loaded. 

33 TS STROBE TTL pulse that strooos address Information into the test set on the falling 
edgeand data information on the rising edge. 

34 DO DataiAddress lines. Bits are HIGH when thedataladdress signal is a logic­
1 and LOW when the dataladdress signal is a logic·O. 

3S 02 Same a. above. 

36 D4 Same as above. 

37 06 Same as above. 

Figure 3-145. Pinout Diagram, Control Connector (2 of 2) 
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PIN 

1 

2 

3 

4 

5 

S 

7 

8 

9 

10 

11 

12 

13 

14 

15 

NAME 


EXT HORIZ +1­

EXT VERT +1­

8G ENABLE 

EXT BLUE VIDEO 


VIDEOGND 


VIDEOGND 


COMPVIDEO 


EXT HORIZ OUT 


EXT VERT OUT 


EXT COMP SYNC 


EXT RED VIDEO 

EXT GRN VIDEO 

EXT WHT VIDEO 

0 -0 
- •15 

7014 0 
0 •13 0 
0 •0 

4 " 0 ,. 11 0 
30

0 ,09 0 
1 

~ 

Pinout Diagram 
DESCRIPTION 

External Horizontal Plus or Minus. Jumpering this pin to pin 6 or changes 
the polarity of the External Horizontal signal to negative-going. 

External Vertical Plus or Minus. Jumpering this pin to pin 6 or 7 changes 
the polarity of the External Vertical signal to negative- going. 

Blue-Green Enable. Jumpering this pin to pin 6 or7 disables the blue color· 
video signal and produces cyan in its place. 

Spare 

External Blue Video. Blue color-video signal for external color monitor. 

Video Ground. 

Video Ground. 

Composite Video. Provides a Composite Video signal for a BIW monitor. 

External Horizontal our. Provides an External Horizontal signal that can 
be either posfiive- or negative-going. depending on whether or not pin 1 
is jumpered to pin 6 or 7. 

External VertiCilI Out. Provides an External Vertical signal that can be 
either positlva- or negative-going. depending on whether or not pin 2 is 
jumpered \0 pin 6 or 7. 

External Composite Sync. Provides a Composite Sync signal that con­
tains both Horizontal and Vertical Sync pulses and Retrace pulses. 

Spare 

External Red Video. Provides a red color-video signal for an external color 
monitor. 

External Green Video. Provides a green color-video signal for an external 
color monitor. 

External White Video. Provides a white signal for an external BIW monitor. 
Use with EXT HORIZ OUT, EXT VERT OUT. or EXT COMP SYNC. 
depanding on external monitor requirements. 

Figure 3-146. Pinout Diagram, EXT CRT Connector 
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3·10 MEASUREMENT CALIBRATION 

3·16.1 Measurement Calibration-Discussion 

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 value to 
obtain the actual value. 

The calihration 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 Pons 
The simplest approach is to use Port 1 as our test 
port, which is fine ifit 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 musthave a cable. The end ofthis cable 
becomes Port 2 (Figure 3-147). 

Ll Port 1 Ll 
Port 2 

Figure 3·147. Estahlishing the Test Port 

In many cases, you may need adapters to change 
between connector types (N, SMA, GPC·7, etc) or 
between genders (male [M] or female [F]). You 
may also need two cables (Figure 3-148). 

In any case, you should include a phase· equal in­
sertable (PEl) 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 

Figure 3-148. Using Adapters on the Test Port 

NOTE 
In this and other discussions, we will 
talk about "insertable" and "non-in­
sertable" devices. Insertable devices 
(insertablesl have precisely the same 
electrical length-that is, they are 
phase-equal. Insertables are typically 
used to change a connector's gender. A 
non·insertable device has the same 
gender as the device itneeds to connect 
to. Therefore, "non-insertebles' can­
not be connected directly into the 
measurement path without an adapt­
er. 

USING THE PHASE·EQUAL INSERTABLE 
(PEl) 

calibration 

M F M F F M-<<E----«<E-<-PEI->-3>>­PEI
Te8t Port 	 Teat Port 

Measurement 
M FMFFMFM 

-<< PEl <-Eoui7>PEl>>­
T••• Port 	 r •• t Port 

Figure 3-149. Using Ph.......Equalinsertahl•• 


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 Dirac­
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tivity, Source Match, Load Match, and Frequency 
Tracking. 

ERRORS REDUCED BY CALIBRATION 
• Directivity 
• SOurce Match 
• Load Match 
• Frequency Sensitivity (Tracking) 
• Intemal System Errors 

Calibration also corrects for many internal sys­
tem errors, such as RF leakage, IF leakage, and 
system component interaction. 

INTERNAL SYSTEM ERRORS 
• RF Leakage 
• IF Leakage 
• System Interaction 

Random errors such as noise, temperature, con­
nector repeatability, OUT sensitive leakages, fre­
quency repeatability, and calibration variables 
are not completely correctable. However, some of 
them can be minimized by careful control. For in­
stance: temperature effects can be reduced by 
room temperature control, calibration variables 
can be reduced through improved technique and 
training, and frequency errors can be virtually 
eliminated by source locking. 

RANDOM ERRORS 

• Frequency 
• Repeatability 
• Noise 
• Connector Repeatabil~y 
• Temperature/Environmental Changes 
• Calibration Variables 

We know that adapters and cables degrade the 
basic directivity of the system, but these errors 
are compensated by vector error correction. 

In general, transmission measurement errors are 
source match, load match, and tracking; while 
reflection measurement errors are source match, 
directivity, and tracking. 

TRANSMISStON MEASUREMENT ERRORS 
• SOurce Match 
• Load Match 
• Tracking 

REFLECTION MEASUREMENT ERRORS 
• SOurce Match 
• Directivity 
• Tracking 

Error modeJiug and flowgraphs are techniques 
used to analyze the errors in a system. Error 
models describe the errors, while flowgraphs 
show how these errors influence the system. 
Error models (Figure 3-150) can become quite 
complex. While they provide help for the circuit 
designer, they are of little importance to the 
average user. 

DIRECTlVtTY, SOURCE MATCH, 

AND TRACKING ERRORS 


DISTORTED MEASUREMENT 


§',"I "III~" 
, 

...... 
Figure 3-150. Example ofError Modeling 

The 360 offers a selection of calibration pos­
sibilities depending on the user's needs. These 
possibilities are Frequency Response; Reflection 
Only-l Port; 1 Path, 2 Port; 12 Term-2 Port, 
Both Directions. These calibration types are 
described below. 

CALIBRATION TYPES 
• Frequency Response 
• Reflection Only-1 Port 
• 1 Path, 2 Port 
• 12 Term--2 Port, Both Directions 

Frequency Response: Corrects for one or both of 
the forward-direction-error terms associated 
with a measurement OfS21. 
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Reflection Only: Corrects for the three error terms 
associated with an Sll measurement (EDF, Ell)" 
andERF). 

1 Path, 2 Port:Corrects for the four forward·direc­
tion error terms (EDF, NsF, ERF, 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
6.1, ·CALIBRATION Keys and In­
dicators." 

Full 12 Thrm: Corrects for all twelve error terms 
associated with a two-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 ofthe DUT causes 
minimal flexing of these cables). 

The screen 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 (if 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. 

c. 	 Calibrating for a Measurement 
lAlt 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 


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 derme an RF 
Short. 

Opens are similar to Shorts, but their response is 
more complex. The terms voltage maximum, in· 
finite impedance, and O' 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
dietably reflect impedance at an exact O' phase 
reference, we alter its response using coefficients 
that accurately characterize the fringing 
capacitance. The coefficients are different for 
eaeh coaxial line size, since each size has a dif­
ferent fringing capacitance. 

As Opens and Shorts provide two references for 
a full reflection, 1,0 terminations provide a zero­
reflection reference. 

Ideal 1,0 terminations must consist oftwo 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 
• 	 Reflectlonless 
• 	 Perfect COnnector 
• 	 Infinite-length, Dimensionally Exact. 

Reflectionless Transmission Une 

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 
• Easy to Use 
• Inexpensive 
• Adequatea for Most Applications 

Sliding Loads are the traditional vector network 
analyzer Zo calibration reference. They provide 
the best perfonnance when the application re­
quires high-precision return loss measurements. 
Sliding loads consist of a connector, a long section 
of precision transmission line, and a microwave 
load thatis movable within the transmission line. 
One thing to remember with sliding loads is that 
they have a low-frequency limit andmustbe used 
with a fixed load below this cutoff frequency for 
full frequency coverage. WILTRON sliding loads 
cut off at 2 GHz. 

SLIDING LOAD 
• Connector 
• Long Transmission Line 
• Movable Microwave load 

Pin depth-the relationship between the inter­
face positions of the outer and center conduc­
tors-is 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, 
since we are trying to calibrate to accurately 
measure a 60 dB retum loss, correct pin depth 
makes a big difference! 

Cables in the melUlurement system are another 
cause for concern. The main criteria for a cable 
are stability and repeatability. WILTRON offers 
two types of cables thatmeet these criteria: semi· 
rigid and flexible. Our 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). 

d. 	 Evaluating the Calibration 
The 360 provides an accurate representation of 
complex dsta. However, it can only provide ac­
curacy to the extent of the supplied calibration 
data. For this reason, it is necessary to peri. 
odically verify the calibration data and the 360 
system perfonnance. 

3·126 

Calibration verification reveals problems such as 
a poor contact with one of the calibration com­
ponents, improper torquing, or a test port out of 
specification. Problems Iika these can easily occur 
during a calibration procedure. Anyone who has 
experienced one ofthese problems and storedbad 
data--after having perfonned a complete cah'bra­
tion procedure-knows the frustration it can 
cause. Additionally, itcan 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. 

e. 	 Verification Kits 
WILTRON has developed three precision-com­
ponent kits: one for 3.5 mm connectors, another 
for GPC-7 connectors, and a third for our own K 
Connector"'. These are, respectively, the Models 
3666, 3667, and 3668 Accuracy Verification Kit. 

Each of the kits contain 20 dB and 60 dB at­
tenuators, a 10 em air line beaded at one end, and 
a 10 em Beatty Standard. A Beatty Standard is a 
two-port mismatch similar to a headless airline. 
It consists of a center conductor with a discon­
tinuity in the middle providing the mismatch 
(Figure 3·151). 

Figure 3·151. The Beatty Standard 

Typically, these verification kits will be used by 
calibration or metrology labs. Each of the kits 
contain several precision components, 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. 

360 OM 



III CONTROL PANEL OPERATION 	 MEASUREMENT CALIBRATION 

VERIFICATION KIT 
• 	Used by Calibration and Metrology Labs 
• 	Contains Components That Have Been 

Completely Characterized 

The verification ofthe kit components is straight 
forward. 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. 

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 oratany 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 Calibmtion-Thtorial 

This tutorial guides you through a typical calibration 
sequence. It is excerpted from paragraph 3-4,"Get­
ting Started." Ifyou 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 

360SS47 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. 

c. 	 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 UTIUTY 

PROGRAM MENU 


Figure 3-152. DEFAULT PROGRAM and 

UTILITY MENU Keys 


3. 	 Using the MENU up-arrow or down-arrow 
keys (Figure 3-153), select CALIBRATION 
COMPONENT UTILITIES when Menu Ul, 
Utilities Menu appears. 

Figure 3-153. MENU Keys 

III CONTROL PANEL OPERATION 

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[MJ, 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 through line 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 

.12TERM 


.1 PATH 

2 PORT 
 • APPLY• 	 FREQUENCY 

RESPONSE 
 CAL 

• 	 REFLECTION 

ONLY 


• 	 NONE 

Figure 3-154. CALIBRATION Keys and Inmcators 

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

4. 	 Select NORMAL when Menu Cl, Select 
Calibration Data Points appears. 
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5. 	 Set to 0.5-18 GHz when Menu C2, Frequency 
Range of Calibration appears. 

6. 	 Select CHANGE PORT 1 CONN when Menu 
C3, Confirm Calibration Parameters appears. 

7. 	 Select GPC-7 when menu C4, Select Connec­
tor Type appears. 

8. Select CHANGE PORT 2 CONN when Menu 
C3 reappears. 

9. 	 Select GPQ.7 when menu C4 reappears. 

10. Select CHANGE LOAD TYPE when Menu C3, 
reappears. 

11. 	Select BROADBAND LOAD when Menu C6, 
Select Load Type appears. 

12. Select START CAL when Menu C3 reappears. 

13. 	 Follow the instructions in each of the upeom­
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. 

14. When Menu CI0, 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 thm 19 show how. 

15. 	Press the SAVE/RECALL MENU key (Figure 
3-155). 

Figure 3·155. SAVEIRECAlL MENU Key 

16. Select 	 SAVE when Menu SRl, SaveIRecall 
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 GPl-3, 
Select File menu appears. 

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

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 IF bandwidth to the REDUCED 
value (1 kHz). 

A lower noise floor can be achieved by reducing 
the Video IF hand width and averaging several 
measurements. However, the default values have 
been found to be optimum for providing a com­
promise between 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 
bandwidth and increasing 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 lead to a 
sense of false confidence, both when performing 
the calibration and when monitoring the dis· 
played calibration data for measurement errors. 
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3-10.3 	 Measurement Calibration-8liding Thr-­
miDation 

Sliding terminations (loads) are the traditional Zo 
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 low-frequency limit and must be used 
with a fixed load for full frequency-range coverage. 

Sliding terminations consist of a connector, a long sec­
tion of precision transmission line, and a microwave 
load thatis movable within the transmission line. Pin 
depth-the relationship between the interface posi­
tions ofthe 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 loss 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 descn'bed 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 17K50 Sliding 
Terminations. The procedures are similar for the 
Model 3650 SMAl3.5mm 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 " Sliding Termination (1 of 7) 

1. 	 Calibrate the Pin-Depth Gauge for Zero, as follows: 

a. 	 Remove the Pin Depth Gauge from the k~, place 
ij on the bench top. 

NOTE 
The meter is convertable between 
male and female. The following pro­
cedure describes the zeroing 
process for the female fitting. The 
procedure for the male fitting is given 
in step 4. 

b. 	 Push the outer locking ring towards the gauge to 
expose the center pin. 
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Table 3-8. Setting Center Conductor Pin Depth on It Sliding Termination (2 of 7) 

c. Take the 01·210 Ref Flat from the kit. 

FLAT 

d. 	 While holding the gauge as shown, press the Ref 
Flat firmly against the end of the exposed center 
pin. 

e. 	 While pressing the Re' Flat against the center pin, 
check that the pointer aligns with the '0. mark. Hit 
does not, loosen the bezellockscrew and rotate 
the bezel to align the pointer with the '0. mark. 
Tighten the bezel lock screw. 

NOTE 
Gentiy rock the Ref Flat against the 
center pin to ensure that n Is fully 
depressed and you have accurately 
aetthe gauge for zero. 
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Table 3·S. Setting Center Conductor Pin Depth on a SIlding Termination (3 of 7) 

2. Fine adjust the Sliding Termination for Zero, as fol· 
lows: 

a. Remove the sliding termination w~h the femal&­
connector (17KFSO, for this example) from the 
kit. 

b. Slide the load all the way toward the end closest 
to the connector. 

c. Wijh e~her hand, pick up the sliding lermination 
near illl connector end. 

d. 	 Cup the sliding termination in your palm, and 
support the barrel between your body and 
crooked elbow. 
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Table 3-& Setting Center ConductDr Pin Depth on a Sliding Termination (4 of 7) 

e. Remove the flush short by holding ~s body and 
unscrewing its connector. 

t. Install the gauge onto the end of the sliding 
termination. 

g. If the COARSE SET adjustment_hich has 
been set at the factolY-Ilas not moved, the inner 
dial on the gauge will read '0: ~ ~ doesn', per­
form the Coarse Set Adjustment in step 3. 
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Table 3-8. Setting Center Conductor Pin Depth on a Sliding Termination (5 aI' 7) 

h. Place the sliding termination, with the gauge 
attached, on the bench top. 

. 


i. 	 Loosen the FINE LOCK ring and turn the FINE 
ADJ ring to posttion the gauge pointer 2-3 small 
divisions on the "-' side of zero • 

/\

FINE FINE 

LOCK LOCK 

RING ADJ 


INNER DIAL 

j. 	 Tum the FINE LOCK ring clockwise to beth 
tighten the adjustment and place the pointer 
exactly to '0.' The Sliding Termination is now 
ready to use. 

NOTE 
Ensure that the inner dial read '0.' 
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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 
ij the adjustment has changed since 
~ was set at the factory. 

With the 01-211 Flush Short installed. loosen the 
COARSE LOCK and gently push the COARSE SET 
adjustment rod in as far as it will go. This coarsely 
sets the center conductor to be flush against the at­
tached short. Return to step 2. 

1\ 

COARSE COARSE 


LOCK LOCK 

RING RING 


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 adapter on the end of the gauge 
shaft, over the center conductor. To install this adapt­
er, proceed as follows: 

a. 	 Zero-set the gauge as described in step 2 above. 

b. 	 Push the outer locking ring back toward the 
gauge and turn it clockwise onto the exposed 
threads. 

c. 	 Loosen the lock ring one turn in a counterclock­
wise direction. 

d. 	 Remove the 01-223 Female Adapter ("F 
ADAPTER FOR PIN GAUGE1 from the k~. 

ADAPTER 
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Table 3-8. Setting Center Conductor Pin Depth on a Sliding Termination (7 of 7) 

e. Install the female adapter over the center pin and 
screw it into the locking ring. 

f. 	 Tighten the outer ring until ~ is snug against the 
housing. 

g. 	 Inspect the end of the adapter, you should see no 
more than two exposed threads. H so, repeal 
steps C, d, e and f. above. 

5. 	 Connect the gauge to tne sliding termination and zero 
set the center pin using the FINE ADJ as previously 
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 360SS45 or 69 source power 
switch then the analyzer powel'-the order is impor· 
tanto 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, Tum On the Analyzer 

After turning on the power, allow the system to warm 
up for at least 30 minutes 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. Ifyou want 
to return the system to its default state, you can do 
so 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 
• 	 Selected With the DEFAULT 

PROGRAM Key 
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The Sweep Setup menu should now appearon the dis· 
play (it also can be displayed using the SETUP MENU 
key). If you like, you can select a new start frequen­
cy, 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 losses 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 settings of the Ports 1 and 2 source at­
tenuators over a range offrom 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 Attenuation Wfth the 3620 or 
3621 Active Device Test Sets 

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 (one 
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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In some cases-such as in a production environ­
ment-limit lines are desireable. Options within the 
menu called up uaing the liMITS key, provide two 
limit lines for each channel. These limit lines func­
tion with all of the graph types, including Smith and 
admittance. The color ofofthe limit lines differs from 
that of the measurement trace. This allows for easy 
analysis of results. 

CALIBRATION 

• Select BEGIN CAL Key 
• 	 Select Type of Calibration 
• 	 Select Frequency Range of Calibration 
• 	 Install Calibration Kit Devices As 

Instructed by the Menu 
• 	 Modny the Capacitance Coefficients 

and the Offset Lenglhs. If Required 
• Store 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 a number of measurement options to consider 
such as displays, markers, limits, outputs, sweeps, 
and enhancemente. 

MEASUREMENT OPTIONS 

• 	 Displays 
• 	 Markers 
• limits 
• Outputs 
• 	Sweeps 
• 	 Enhancements 

You can select any of the available graph types and 
display them for any calibrated parameter on any of 
the four channels. 

DISPLAYS 

• 	 Four Channels 
• 	 Each Channel Can Display Up to Two 

Graph Types 
• calibration Parameters Can Be 

Selected By Any Channel 

Up to six markers are available. Using the Marker 
Menu, you can set the frequency ofeach one, you can 
set each one in the delta marker mode, and you can 
set each marker's level to maximum or minimum. 

MARKERS 

• Selectable User Marker Menu 
• 	 6 Markers Available 
• 	 Detta And MaxIMin Modes 

LIMITS 

• Selectable Using LIMITS Key 
• 	Two limit lines Available for Each 

Channel 
• 	 Functions With All Graph Types 

The Output Menu (Figure 3-156) gives you a choice 
between a printer and a colored-pen plotter. It also 
lets you choose the data-output type, output head, 
and disk output functions. 

SELECT OUTPuT 
DEVCE 

PRINTER 

PlOTTER 
SELECT PRINTER 

OUTPUT1\'1'. 
FlJlLSCREEN 
GRAPH ONLY 
TABUl..AR DATA 

OUTl'UTOPTlONS 
• SEWP OUiPUT 

HEAOERS 
OISKOUTPUT 

OPERATIONS 


PLOT OPTIONS 

PRESS <ENTER> 


TO SELECT 

Figure 3·156. Output Menu 

To output the display, press the START PRINT key. 
The default settingprovides for a full display printout 
from the associated printer. 
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OUTPUT 

• 	 Select START PRINT Key to Output 
Display 

• 	 Use the Output Menu to Choose Output 
Type and Output Device 

To label the output, select Setup Output Headers in 
the Output Menu or press the DEVICE ID key. 

OUTPUT HEADERS 

• 	 Selected With DEVICE ID Key or From 
the Output Menu Under the Setup 
Output Heade rs Option 

• 	 Labels Output With DevicelSerial 
Number, Dale, And Operator's Name 

On the output to the printer, plotter, or disk. a menu 
then appears that lets you specify the device 
nameiserial number, the date, and the operator's 
name (Figure 3-157). 

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 can select the num­
ber of data points for optimal resolution.vs·speed. 

SWEEPS 

• 	 StartiStop Frequencies Can Be 
Changed With Calibration Applied 

• Marker Sweep Available From the 
Setup Menu 

• 	 Data POints Selectable Using the DATA 
POINTS Key 

Finally, you can enhance the measurement data by 
reducing the IF bandwidth and using averaging 
andlor smoothing (see below). 

Change the IF bandwidth by selecting the IF BW 
key. 

Set the averaging and smoothing values by 
selecting the AVGlSMOOTH 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 

• 	 Intermediate Frequency Bandwidth 
Changed USing the IF BW Key 

• Averaging and Smoothing Values Set 
Using AVE/SMOOTH MENU Key 

• Averaging and Smoothing Turned On or 
Off Using TRACE SMOOTH and 
AVERAGE Keys 

3-1L2 	 Transmission and Reflection 
Measurement 8 

Before going any further, let us take a few moments 
to review some basic principles ofnetwork measure· 
ments. First, we apply incident energy to the inputof 
a test device. If the device's input impedance differs 
from the measurement system's impedance, some of 
that energy is 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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HEADERS 

MODEL ON 
FILTER 
DEVICE 10 ON 
870t24 
DATE ON 
29_JUNE~67 

.OPERATER ON 
MIKE 

PRESS <ENTER> 
TO TURN ONJOFF 

PRESS<b 
TO CHANGE 

SELECT NAME 
FIlTER_n-· 
ABCOEFGHIJKLM: 
HOPORSTUVWXVZ 
01234587MLAJ 
DEL CLEAR DONE 

TURNKNOO 
TO INDICATe 
CHARACTER 

OAFUNCTDN 

PRESS <ENTER> 
TO SELECT 

NUMBERSMAV 

ALSO BE 


SELECTED 

USING KEYPAD 
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BASIC MEASUREMENT PRINCIPLES 

INCIDENT L TRANSMITTEDEN~~ OUTREFLE 	 r---- EMERGY
L-_---1ENERGY 

REFLECTED ENERGYREFl£CT1ON COEfRCIEHT. INClbQrt EHEJkiY 

l'RAHSMiSSlON COEFfICIENT. 

FiltUJ;'e 3-llIS. 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 transmitted-to­
incident magnitude), while the vector phase is the dif­
ference in phase between the incident energy and the 
reflected/transmitted energy (Figure 3-159). 

IMAGINARY 

MAGNITUOE 

PHASE 

REfLEcnON COEFFICIENT 


PHASE .INCIOENT (PHASE) - AEFLEcrED (PHASE) 


"""""' 
FiItUJ;'e 3-159. MagrutudelPhase 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 reference plane is 
defined as having a magnitude of 1 and a phase of 
odegrees. We establish this during the calibration. 

REFERENCE PLANE 

• 	Delined At the Test Port Measurement 
Plane As 

Magnitude = 1 

Phase s 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 

• 	 log Magnitude 
• 	Phase 
• 	Sm~h Chart (Impedance) 
• 	Group Delay (See paragraph 3-13) 
• 	Admittance Smith Chart 
• 	 linear Polar 
• 	 log Polar 
• 	 Linear Magnitude 
• 	Real and Imaginary 

The default display for reflection measurements is 
the Smith chart. The default display for transmission 
measurements is the Log Magnitude and Phase 
graph. 

DEFAULT DISPLAYS 

Reflection 
• 	Smith Chart 

Transmission 
• 	Log Magnitude and Phase Graph 

The Smith chart is a convenient way to display device 
impedance and is a useful aid for the graphical design 
and analysis of microwave circuits (Figure 3-160). 

SMITH CHART 

INDUCnVE 

CAPAcmVE 

Figure a-I60. Smith Chart Display 1 
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Let us assume both that our system is already 
calibrated and that we have equalized the system for 
the test port in use. We would then 

1. 	Connect the Short. A Short always appears as 
a dot at the left-most edge ofthe Smith chart's 
horizontal axis. 

2 Connect a Termination. Now you will see 
another dot located at the center (1 +jO) of the 
chart (this assumes a 50-ohm load). 

3 	Connect the Open. An Open appears as an arc 
on the charfs right edge. This is due to the 
fringing capacitance of the Open standard 
(Figure 3-161). 

SMITH CHART 


SHORT'--_l~~~~~~~ OPEN 

.... ARC 

Figure 3-161. Smith Chart Display 2 

Now let us perform a reflection measurement on a 
20 dB attenuator over the l-to-l8 GHz range. 

We need to detennine 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. 
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SETUP 

• 	 Reset W"h the DEFAULT 
PARAMETERS Key 

• 	 Set the Start Frequency to 1 GHz 
• 	 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. 1b 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 S11" Smith chart appears on the display. 
Now 

1. 	Select the Log Magnitude display and install 
the attenuator. 

2. 	 Select AUTOSCALE to optimize the display 
data. 

3. 	Use Markers 1 and 2 to find the maximum 
and minimum impedance. 

MEASUREMENT 

• 	 Select Log Magnttude Display 
• 	 Install DUT 
• 	 Autoscale 
• 	 Set Marker 1 to Max, Marker 2 to Min 

Now let us perform a transmission measurement on 
the same 20 dB 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 
• 	 Setup 
• 	 Calibration 
• 	 Measurement 
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CALIBRATION 

• 	 BEGIN CAL Key 
• 	Frequency Response (Transmission 

Response Only) 

When the calibration is complete, Channell will dis· 
play ·S12 FORWARD TRANSMISSION WITH LOG 
MAGNITUDE AND PHASE." You can use Markers 1 
and 2 to fmd the maximum and minimum values of 
the attenuators insertion loss. 

Once again, reset the system using the DEFAULT 
PARAMETERS key. 

SETUP 

• Use Delault Parameter Settings 

In this calibration we will select the N·Discrete 
Frequencies menu option and step all frequencies in 
increments of50 MHz. 
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3-12 	 LOW LEVEL AND GAIN 
MEASUREMENTS 

This discussion provides methods and techniques for 
making gain and low-signal-Ievel 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 = Pmax- Pmin). 

<l. Dyrwmic Range 
The dynamic range of the 360 is limited by the 
0.1 dB compresxion 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 01 the Receiver 

• 	Low Level Accuracy Limited by Noise 
and Leakage Signals 

Figure 3-162 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 

-1' 
DETECTED 

POWER 
OUTPUT 
(dBm) 

1<:..-----;.'0------+ 
POWER LEVel AT INPUT TO SAMPLER 

(dBm) 

Figure 3-162. Compression at 0.1 dB 
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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 

,
•••, 
N

••y 

Figure 3-163. Amplitude and Phase Uncertainty 

Some of the possible 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 
40GHz. 

LEAKAGE PATHS 

• 	Transfer Switch (120 db) 
• 	Frequency Conversion Module 
• DUT 	Leakage 

The OUT connectors should have internally cap­
tivated center pins. Those connectors which use 
external pins to captivate the center conductor 
should have silver loaded epoxy on the pins to 
reduce radiation to better than 90 dB. 

DUTLEAKAGE 

• 	Should Be Greater Than 90 dB 
to Assure Accurate Measurements 
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b. 	 Signal.to-Noi8e-Power lWtio 
The signal-to-noisOl-power ratio for each of the 
test or reference channels is given by the formula 

SiN Ralio = Signal PowerlNolse 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 uncertain ,or error, in a measurement is a 

signal To Noise 

SIN Ralio For Tesl or Reference Channel 
SIN = Signal Power (dBm) 

Noise Power (dBm) 

function of the amplitude ofleakage signals and 
of the noise level. The uncertainty in the 
measurement of magnitude and phase of the s­
parameters are calculable and shown below in 
Figures 3-164 and 3-165. 

MAX UNCERTAINTY FOR MAGNITUD 
AS A FUNCTION OF SIN RATIO 
,	.... 

'''' 


1•• 
MUlMUM 

UNCeRTAINTY 
(dB' .1 

.01 

~ L--"--,'r--"--,'---"--,,~'
10 20 30 .0 50 60• _SliRAllO 

(<Ill) 

Figure 3·164. The Effect of SIN Ratio On 

Magnitude Measurements (Noise Only) 


MAX UNCERTAINTY FOR PHASE 
AS A FUNCTION OF SIN RATIO 

,.... 
,... 
,.. 

.1 

o 10 a ~ q ~ ~ 

SlQNALINOISE RAllO 
(d.) 

Figure 3-165. The Effect ofSIN Ratio On Ph..... 
Measurements (Noise Only) 

The most difficult types of measurements are 
those that exercise the full dynamic range of the 
360, 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 FILTER 
dB

Sot ..... BANC 

~al______~·='d=.~__~~
sJr 
I 

FREQUENCY' 


Figure 3-166. Filter Mausurements 


There are two techniques thatyou can use to op­
timize the signal-to. noise ratio. They are (1) max­
imizing the RF signal level and (2) using signal 
enbancement. 

TECHNIQUES TO MAXIMIZE THE SIN RATIO 

• Maximize RF Signal Level 
• Signal Enhancement 
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To maximize the RF signal level, use the default 
settings of the signal source. The 360SS45 or 69 
defaults to 0 dBm-a power level that both max­
imizes dynamic rangs and optimizes linearity. 

MAXIMIZE RF SIGNAL LEVEL 

• Maximum Dynamic Range 
• Optimum Linearily 

Figure 3-167 shows the measured reduction in 
noise due to bandwidth and averaging. 

Measurements on a 70 dB Altenuator 
All Data Normalized to 

a 1 kHz IF Bandwidth and 1 Average 

The 360 provides two enhancements for improv­
ingthe signal-to-noise ratio: IFbandwidth reduc­
tion and averaging. 

ENHANCEMENTS 

• IF Bandwidth Reduction 
• Averaging 

Reducing the IF bandwidth is a primary method 
for enhancing accuracy. The 360 has a choice of 
three bandwidths available from the front panel: 
Normal (10kHz), Reduced (1 kHz), and Minimum 
(100 Hz). The noise level should decrease by a fac­
tor equal to the square root of the IF bandwidth. 
Using IF Bandwidth reduction makes for faster 
measurements than with the use ofan equivalent 
amount of averaging. 

IF BANDWIDTH REDUCTION 

• Three Bandwidths Available 
• Noise is Decreased 
• Faster Than Averaging 

Averaging is another way to improve accuracy. 
The improvement is proportional to the square 
root ofthe number of averages. The improvement 
from averaging, however, comes at the expense of 
increased sweep time. 

AVERAGING 

• Up to 4095 Averages 
• Reduces Noise 
• Increases Sweep Time 

.. 
Relati" 

HoI"CdBI. 

... 
• S 10" 21) $I) 100 _ ,.. 

Hum"" of Averages 

Flgure3-167. Reduction in Noise Using Averaging 

For a given bandwidth and number ofaverages, 
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 3-9. Comparisons ofSignal-t<rNoise 

Enhancement Options-1 Channel 187 Points
, 

'SIN Ratio Relatl"" 
IFBW Number 01 improvement TIme 

Reduction Averages (dB) factor 

1 0 110kHz 
10 5.3 2.8 

100 9.0 12.5 
11.0 59.5500 

1.61 kHz 1 2.4 
4.310 7.6 

10.1 12.6100 
11.6 61.0500 

7.8 6.20.1 kHz 1 
9.410 8.0 
10.5 13.0100 

500 11.6 62.2 

Assumes a constant fugnal power. 
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S-12.2 Test Device (DUT) Considerations 

In order to test a device, the required input RF level 
and the expected device output RF level must be 
determined. 

The RFlevel atPort1 mustbe set 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 -1 0 dBm. Attenuation can be added in steps of 
10 dB up to 70 dB using the built-in source attenuator 
in the Models 3620 and 3621 Active Device Test Sets. 

PORT 1 RF OUTPUT LEVEL 

• -10dBm 
• 	Can Add Up to 70db Attenuation in 1 0 dB 

Steps 

The RF level into Port 2 should be kept to -10 dBm 
or less to ensure optimum linearity and to protect in­
ternal components from damage. The never-to- ex­
ceed RF level into either Port 1 or Port 2 is +20 dBm. 
You can add up to 40 dB of attenuation (in 10 dB 
steps) into Port 2 using the built-in test attenuator in 
the active device test sets. 

PORT 2 RF INPUT LEVEL 

• 	 -10 dBm Maximum 
• 	 Can Add Up to 40 dB Allenuation in 

10 dB Steps 

Ifyou are using a test set that does not have built-in 
attenuators, you should use external attenuators on 
Port 1 and Port 2 as needed. However, the use of ex­
ternal attenuators invalidates input and output 
match measure men ts; whereas. the built-in at­
tenuators are compensated by the calibration and do 
not affect reflection measurements. 

EXTERNALATTENUATORS 

• 	 Use Only H Internal Allenuator Is Not 
Available--They Invalidate DUT Match 
Data 

Before calibration, ensure that the test setup is 
correct by setting the power level and adding attenua­
tion as needed. 

CALIBRATION 

• Set Desired RF Signal Level 
• Include Attenuation As Needed 

The 360 uses enhancements in the calibration to en­
sure a wide dynamiC range. It automatically selecte 
the REDUCED IF bandwidth front panel setting and 
varies the number of averages with the calibration 
device. Terminations require the most averages. 

CALIBRATION 

• 	 IF Bandwidth REDUCED Selling 
• 	Number of Averages Varies With 

Calibration Device Measured 

Ifdesired, the IF bandwidth and number of averages 
can 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 maximum performance from the 360 for 
measurements of attenuation. you can use the 
capability of the N discrete frequency calibration to 
spot check measurements in the frequency band orin­
terest. 

TO MEASURE HIGH ATTENUATION 

• 	 10 dBm Source Power 
• 	 100 Averages in Calibration 
• 	 100 Averages in Measurement 
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The measurement procedure is stTaight forward. as 
shown below. 

MEASUREMENT PROCEDURE 

• 	 Determine Dut 110 RF Levels 
• 	Set Source R F Level 
• 	Set Port 1 Source Attenuator and Port 2 

Test Attenuator 

Wide /JyruJmic Range Device - Filter 

Since you do both low-insertion-loss and high­
attenuation measurements simultaneously. use the 
maximum RF signal level and no attenuation. 
Selecting the REDUCED IF BW setting and 100 
averages will likely suffice for this kind of measure­
ment. 

EXAMPLE • FILTER 

• 	No Attenuator Needed 
• 	 IF Bandwidth "REDUCED" and 

100 Ave rages 

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 dB[gain] = -15 dBm) no 
attenuation is needed at Port 2. 

EXAMPLE· FET 

• 	Set Port 1 Source Attenuator to 20 dB 
• 	No Port 2 Attenuator Is Needed 
• Calibrate 
• 	Use IF 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 
odBm (-10 dBm + 10 dB[gain] = 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 Attenuator 
• 	Port 2 Test Attenualor 10 10dS 
• 	Calibrate 
• 	Use I F Bandwidth and Averaging 

As Desired 
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3·13 GROUP DELAY MEASUREMENTS 

Group delay is the measure of transit time through 
a device at a particular frequency. Ideally, we want 
to measure a eonstant--<lr relatively constantr-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. 

T!me 

360053 

Figure 3-168. Two Waveforms Delayed in Time 

Referring to Figure 3·169, the first waveform shown 
is the original waveform. It is made up ofmany 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. 

MAGNITUDEr.,---INPUT 

TillE 

FijlU..... 3-169. Waveforms 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 a signal traveling through our test 
device. 

GROUP DELAY 

• Measure Duling Design 
• Avoid Distortion Later 

You may be able to tune the device so as 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 
• Optimize Performance 

So how is group delay measured? Signals travel too 
fast to enable measuring the input and output times 
of each frequency component. Consequently, we 
must use mathematical calculations to derive the 
group delay from the phase slope. 

HOW IS GROUP DELAY MEASURED 

Mathematical Representation of the 
PhaseS/ope 

Group delay is mathematically represented by the 
following equations: 

T= :::Qj} = -=!.. • .Q!l. = =1. • l!!!. =_1 • ~ 
dro 211: df 360 dl 2lt '" 

What this equation shows is that group delay is a 
measure 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 
aperture. 

Let 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 select­
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). 

GROUP DELAY APERTURE 

• At = 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 

Aperture _ Frequency Range 
/I ot Dala Points 

A wide aperture results in a loss of fine-grain varia­
tions but gives more sensitivity in the measurement 
oftime delay. A small aperture gives better frequen­
cy 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). 

IlAGIITUOE 

r- APERTURETOOWlDE 

FREOUENCV 

Figure 3·1'70. Waveforms With Aperture Differences 

360 OM 

360 GROUP DELAY MEASUREMENT 

Figure 3.171. Group DelaY-VB-Frequency Graph 

The 360 automatically selects 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 
U';1 Fa<1lARV TRffl5!1ISt!~ 

(~ OCLilY tl<£l'=.l.~S bOD.¢(;()p'von' 

~D0Jt,'f' ~;lI'Y· 

kbOlJ,l:or. 
$)~,COO "'t' 

Ill' vR~~ 
\.,,00 ftS 

Figure 3-172. Group Delay Screen Showing Aperture 

The aperture defaults to the smallest setting for the 
frequency range and number ofdata points selected. 
This value is displayed in the SET SCALING menu 
when measuring group delay (Figure 3-173). 
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360 APERTURE 
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Figure 3·173. 360 Aperture 

Group delay applications are found throughout the 
microwave industry, although the majority of such 
measurements are made in the telecomrilUnications 
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~r linear group delay-has oc· 
curred. But if the voices are also distorted, then non· 
linear group delay has occurred. It is this distortion 

GROUP DELAY APPLICATIONS 

• 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 modem computer, 
the travel time through a device is critical. 

360 OM 3-150 



III CONTROL PANEL OPERA TION ACTIVE DEVICE MEASUREMENTS 


8·14 ACTIVE DEVICE MEASUREMENTS 

Active devices are key components in microwave 
systems. The microwave future is in smaller in­
tegrated microwave packages. 

ACTIVE DEVICES 

• FETs 
• AmpIHiers 
• MMIC's 

Actually, the measurements that are made are the 
same measurements made on passive devices. 

COMMON MEASUREMENTS 

• Sll Input Match 
• S11 Gain 
• S11 Reverse Isolation 
• Szz Output Match 

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? 

• Voftage-Bias Requirements 
• Signal Level Performance 

- Power Output 
• Max Input level 

• Non Linear 
• Gain Compression 

WILTRON has developed two models ofactive device 
test sets (Models 3620 and 3621) to help you make 
these types ofmeasurements. These test sets include 
both step attenuators (7OdB) used to adjust operat­
ingpower levels, and bias tees used to bias the device 
via the test port center conductor. This approach to 
bias is useful for testing transistors; however, 
MMIC's usually require bias injection at other points 
(Figure 3-174). 

ACTIVE DEVICE TEST SETS 

ATTENUATORS 


Bias Tees 


v I' t VBIA~ TESTRF 
IN ~ ~ PORT 

Fipre 3-174. Bi". Tee 
Test iIXtures are necessary for mounting the device 
so that it can be measured in our coaxial (or 
waveguide) measuring system (Figure 3-175). 

Figure 3-175. Active Device Te!lt 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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FET 

COPLANER 
LAUNCHER 

AUUMI'NA CARRIER 

COPLANER 
LAUNCHER 

Fieure 3·1'76. Test Device, What It Looks Like 

You can consider the device embedded in the fixture 
and can measure the a·parameters ofthe 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>. 

I 

so Ohm line 
 -

GPC-7 DUT 

No loss, ReflectionlessI 

Figure 3-17'1. Simple Example ofDe-Embedding 
In some cases-depending on the fixture or the device 
being measured-this 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, is that the test 
fixture includes a transition from coax to a structure 
such as microstrip, co-planer waveguide, or stripline 
(Figure 3-178). 

3-152 

Figuno 3·1'78. Coax-ttHSubstrate 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 (mure and compute the desired 
result. 

WHAT DOWE DO? 
TWO APPROACHES ARE COMMON 

• Calibrate the Fixture As 

"Part of the Analyzer" 


• Characterize the Fixture and Compute the 
Desired Result 

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. Ifwe have a good Open, Short and Zo 
load to place at the end of a microstrip line, we can 
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 
calibrf.~ion standards that are available. 
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THRUWNE OPEN 

OQ

OFFSET SHORT OFFSET SHORT 

Fipre 3-179_ Special Test Fixtures 

These special calibration kits are far from perfect, but 
they are superior to our perfect transmission line as­
sumption. 

SPECIAL CALIBRATION DEVICES 
PROBLEMS 

• 	 Opens Are DifflcuH-Radlation Effects 
• 	Good Terminations Are Hard to Find, 

20-30 db Is Offen the Best That We Can 
Do and This Determines the "Elleclive 
Directivity" 

You may have heard of the probe system built to per­
mit on-wafer measurements by Cascade Microtech. 
It is a good example of a system condusive to this ap­
proach. 

CASCADE MICROTECH 
WAFER PROBE 

calibration 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). 

~CAUTION'1
L.............. ;..I 


You should turn off' or disconnect the bias 
supplies during the calibration, since you 
are using a Short as the calibration 
standard. 

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 KITS 

Cl 
' ­ / C I. varied 

C2 ~>f:= by changing 
- voltage 

3.""" 

Fipre 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 fixture. Modeling can be ac­
complished in a CAD system like Touchstone or Com­
pass. 

APPROACH NUMBER 2 

CHARACTERIZE THE FIXTURE 


• 	 Model 
• 	 Measure 
• 	 Compute the DeSired Result 

In summary, there are quite a variety of ap­
proaches-ail with their own characteristic pitfalls. 
Engineers try to choose the most appropriate 
technique for their application. 
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3-lIi 	 TIME DOMAIN MEASUREMENTS 

3-15.1 	 Time Domain Measurements, 
Discussion 

The Option 360-2 Time Domain feature is a useful 
measurement tool for determining the location ofim­
pedance discontinuities. Some typical applications 
are identifying and analyzing circuit elements, isolat­
ing and analyzing a desired response, locating faults 
in cables. and measuring antennas. 

nMEOOMAIN 

A USEFUL TOOL FOR: 


• 	 Identifying and Analyzing Circu~ 
Elements 

• 	 Isolating a Desired Response 
• 	Locating Faults 
• 	Making Antenna Measurements 

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
cy domain then calculates 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 
TO FREQUENCY DOMAIN 

• Indirect Measurement 
• 	Calculated From Frequency Domain 

(Using Inverse Fourier Transform) 
• 	Displays S-Parameters As a Function 01 

lime 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 

• 	Lowpass Mode 
• 	Bandpass Mode 

We use the lowpass mode with devices that have a dc 
or low-frequency response. In the lowpass mode two 
responses to the device-under-test (OUT) are avail­
able: impulse or step stimulus. The frequencies used 
for the test must be harmonically related to the start 
frequency. 

LOWPASS MODE 

• 	E~her Impulse or Step Response 
Available 

• 	Displays Impedance Information 
• 	Requires Harmonically Related 

Frequencies 
• 	Used When Device Has a DC or Low 

Frequency Path 

The lowpass impulse response displays the location 
of discontinuities as well as information useful in 
determining the impedance CR, L, or C) of each 
discontinuity. 

LOWPASS IMPULSE RESPONSE 

• 	Location 01 Disconlinu~ies 
• 	 Information on Type of Discontinuities 

The impulse response is a peak that goes positive for 
R>Zo and negative for R<Zo. The height of the 
response is equal to the reflection coefficient 
(rho=CR - Zo)!CR + Zo». The impulse response for a 
shunt capacitance is a negative-then-positive peak 
and for a series inductance is a positive-then-nega­
tive peak (Figure 3-182). 

CIRCUIT ELEMENTS 
Lowpass Impulse Response 

Impedance S11 Real 

~ R>Zo 

Rdo ---v--
ShunlC --JL-­
Series L -'\r-_ 

Figure 3-182. Lowpass Impulse Response ­
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An example of using impulse response is circuit im­
pedance analysis. With an impulse response, we can 
observe the circuit response ofa passive device, such 
as a power splitter, and make final adjustments 
during the test (Figure 3-183). 

Step Attenuator 

9'-----__----'P 


'_'"'0"",~£.TOtlIN 

"6'.363.,
• is.6''"U 

FilUI'<' 3-183. Example of Lowpass Impulse 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 
• 	 Location 01 Discontinuities 
• 	 Information on Type 01 Discontinuijies 

The lowpass step response for a resistive impedance 
is a positive level shift for R>Zo and a negative level 
shift for R<Zo. 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). 

CIRCUIT ELEMENTS 
Lowpass Step Response 

Impedance S11 Real 

Shunt C 


Series L 


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 
DF====[j:= 

J 

40.DOOc~ 380071 

Figure 3-185. Example of Lowpass Step Response 

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-llllJulse Response 

• 	 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 discontinuiq. in time or distance. as indio 
cated by changes in its magnitude. Unlike the low· 
pass mode. no information as to the q.pe of the dis­
continuiq. 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 

• 	 Magnijude Measuremenl Only 
• 	Location of Discontinuijies 
• 	No Information on Type of 

Discontinuities 

The bandpass· impulse response for various im· 
pedance discontinuities is shown in Figure 3-186. As 
we can see. no information about the type of discon­
tinuity is available. 

CIRCUIT ELEMENTS 
Bandpass Impulse Response 

Impedance S11 Log Magnitude 

ShuntC 


Series L 


FiIUI'" 3·186. Bandpass Impulse Response 

An example of using the bandpass-impulse response. 
is the pulse height. ringing. and pulse envelope of a 
bandpass filter (Figure 3-187). 
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FilUI'" 3·187. Example ofBandp ..... ·lmpuse Response 
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PHASOR IMPULSE BANDPASS RESPONSE 

• Real and Imaginary Measurement 
• Information On Type of Discontinuity 

Use the phasor-impulse response with bandpass 
response to determine the type of an isolated im· 
pedance discontinuity. 

Mer 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 ofS11 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.goingpeak in the imaginary 
part of Sll. For a series inductance. it is a positive 
going peak (Figure 3-188). 

CIRCUIT ELEMENTS 
Bandpass-Phasor Impulse Response 

Impedance Real S11 Imaginary S11 

R>Zo 

R<Zo 


ShuntC 


Series L 


Figure 3-188. Bandpass Phasor Response 

Next. let us look at a complex circuit. A resistive im­
pedance change R<Zo and a shunt capacitance and 
series inductance. These impedance changes are 
shown in the time domain for the lowpass-impuise 
response. lowpass-step response. and bandpass-im. 
pulse 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 reai part of the time-domain response shows the 
location ofimpedance level changes. while the imagi­
nary part shows the type of reactive discontinuiq.. 
Phasor-impulse response displays one discontinuiq. 
at a time (Figure 3-190). 
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LowP"Slmpul:~~

R.spons. 

Real 

LowpassStap 
Response 

Figure 3·189. Complex Impedances 

hasar Impulse 

Figure 3·190. Phasor.Impul"" Response Data 

a. 	 Operating Time Domain 
To operate in the time domain mode, press the 
DOMAIN key. A domain menu (Figure 3-191) al­
lows us to select the frequency- or time-domain 
modes by simple cursor selection. The 360 
defaults to the frequency domain. 

OOMAIN DOMA!N DOU... 
.FREOUENCY FREQUENCY FREQUENCY 

FAEOUEHCY FREOUENCY FREQUENCY 
WITH TIME WITHnME W[THm~E 
GATE GAlE GATE 
TIME .TI"'E liME 
l.OWPASS MODE l.OWPASS MODE LOWPASS MODE 
TIME TIME ,TIME 
BANOPASS UOOE BANDPASS MODE BANDPASS MODE 
DISPlAY DISPLAY DISPLAY 
TlME/OISTANCE TIMEIOJSTANCE TIMEIt)ISTANCE 
SET RANGE SET RANGE SET RANGE 
SET GATE SET GATE SET GATE 
GATE ONIOFF GATE ONJOFF GATE ai/OFF 
HEl.P HELP HELP 
PRESS <ENTER> PRESS <ENTER> PRESS <ENTER> 

TO SELECT TO SELECT TO SELECT 
OR SWITCH OR SWITCH QASWITCH 

I 

Figure 3-191. DomaIn Menu 

360 OM 

360074 

Select time or distance for the horizontal axis. 
The 360 defaults to time axis. 

NOTE 
Ifwe select distance, be sure to set the 
dielectric constant in the Reference 
Delay menu (Figure 3·192). 

DOMAIN 
F=REQUENCY 
FREQUENCY 

WITH TIME 

GAlE 
TIME 
lOWPASS MODE 
TIME. 
BANDPASS MODE 
DISPLAY 

.TlMOOfSTANCE 
$STRANGE 
SET,"TE 
GATE 0Nt0FF 
HELP 
PRESS <ENTER> 

TO SELECT 
oR SWITCH 

.Figure 3·192. TimeIDlstance Menu 

Select SET RANGE and use the START/STOP or 
GATEISP AN selections to set the range (Figure 
3·193). 

DOMA.. LOWPASS TIME 8ANiJPASSTIME 
OOMAIN SETUP DOMAIN SETUP 

'START 
FREQUENCY 

, STARTFREOUENCY XXX.XXXpe. lOOU(XX ..WITH TIME 
GATE STOP STOP 

xxx.XXXpt lOOU(XX ..TIME 

LOWPASS MODE 
 CENTER CENTER 

JOOUO(X .. xxx.xxx..TIME s_BANDPASS I!OOE SPAN 
XX><.xxX .. xxx.xxx ..DISPLAY 
MAAI<ER RANGE MAAI<ER RANGETIMEJOISTANCE 

RESPONSE 
 PHASOR 0NI0fF'SET RANGE IMPULSEISTEP IMPULSE 

SET RANGE TO 
ISOLATE ONE 

SET GAIT """EGATE ONIOFF DISCONTINUrTY 
HELP 

PRESS <ENTER> 
TO SELECT MORE 

PRESS <ENTER> PRESS <ENTER>TO SELECT TO SELECTOR SWITCH 

FIgure 3-193. Set Range Menu 
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For the lowpass mode select either IMPULSE or 
STEP Response and set the DC term. The 360 
defaults 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. 

: TO SELECT 

I .FIgure 3-194. Response Menus 

The Marker Range menu allows us to zoom in and 
display the range between two selected markers 
(Figure 3-195). 

lOWPASs TIME TIME 
DOMAIN S£iUP MARKER RANGE 

START tSTAATTiME 
XXX.XXXpa 

STOP ~i! 
XXX.XXXP1il 
CENTER 
XXX.XXXps 

SPANxxx.x.xXps 
• MAFU<ER RANGE 

S1OP11ME 
MARKER i! xxx.xxx 
RESTORE 
ORIGINAL 
RAOOE 
PREV()US MENU 

RESPONSE 
IMPUlS€ISTEP 
MORE 

USE KEYPAD 
TO CHOOSE 
MARKij~(' ~ $) 

PRESS .:ENoTER> 
TO SELECT PRESS<ENTEfb 

TO SELECT 

I 
Figura 3·196. Marker Range Menus 

b. Windowing 
Windowing is a frequency filter that we apply to 
the frequency-domain data when we convert it to 
time-domain data. 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 

Frequency Domain Time Domain 

II 1.TjrmWlndOWff\ 

~F1 F1 

lLIr1rL

NOTE: Wider btJt no ringing 

Figure 3-196. 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 
sidelobes). The 360 defaults to the NOMINAL op­
tion, which is acceptable for most measurements 
(Figure 3-197). 

LOWPASS TiME LOWPASS TIME SHAPE 
DOMAIN SETUP 

START 
XXX,XXXpa 

OOUAIN SETUP,..,NroW 
NOMiNAl 

• RECTA.NGULAR 
NOMINAl.. 

STOP SET GATE LC'IN SlOELOSE 

XXXXXX", 
CENTER 

SET O.C. TERM 
XXX.XXX 

MIN SIOEtOBE 
HEtp 

lOOtXXXpo PREVKJUS MENU PRESS .:ENTEA:>o 
SPAN 
XXX.XXXpa 
MARKER RANGE 

PRESS .:ENTER> 
TO SELECT 

TO SELECT 

: 
RESPONSE 
IMPUlSEISTEP 

tMOAE 
PRESS .:ENTER> 

TO SELECT 
! 

! i 

I I ! 

Figure 3·197. Wmdow Shape Menus 

lOWPASS TIME 
DC.)MAIN SETlJP 

START 
XXX,XXXpa 
STOP 
XXX.XXXpa 
CENTER 
xxx.XXXpa 

, SPAN 
: XXX.XXXps 

MARXER RANGE 
i. RESPONSE: 
i IMPlJl.SEJSTEP 
! MORE 

PRESS <ENTER> 

SET oc TERM 

FOR tOW PASS 

PROCE.SSINQ 


lAUTO 
EXTRAPOLATE 
UNE 
IMPEDANCE 
OPEN 
SHORT 
OTHER -xxx,xxx.
ASOVEVALUE 

: AEPAESENTSA 
I REFLECTION 

COEFF.OF 
: 
I 

XX.xxxmU 
PRESS <ENl"ER> 

TO SELECTI ITO SELECT 

BANDPASS TIME 
()QMAlN SETUP 

START
xxx.xxx", 
STOP 
XXX.XXX,. 
CENTER 
XXX.XXX,. 
..AN 

i Xxx.xxxps 
: MARKER RANGE 
:. PHASOR ONJOFF 
; IMPULSE 
I SET RANGE TO 
I ISOLATE ONE 
: OISCONllNU(T'I 

MORE 

I PRESS <ENTER> 
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c. GatilJlf 
Gating is a time filter that allows for removing 
unwanted time-domain responses by gating the 
desired response. We can view the isolated 
response in the both time domain-using the 
PHASOR IMPUUlE RESPONSE option-and in 
the frequency domain-using the FREQUENCY 
WITH TIME GATE selection (Figure 3·198), 

GATING 

Fipre 3.198. Gating 

There are four different gate shapes available: 
RECTANGLE, NOMINAL, LOW SlDELOBE, 
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 
FREQUENCV 
fREQUENCY 
Wlf1.lTlME 

GATE 

11ME 
lOWI'AS$ ..ODe 
TIlle 
BANDPASS MODE 
DiSPI.AY 
nMl;tl6TANCE 
SST_ 

tSETGATE 
GATE OHIOFF 
HBP 
pRESS <ENTER> 

TO""lECT 
OASWI1CH 

GATE 
START 

XXX,XXXmm 

STOP 

lQOClOO( "'" 
CENTER 
XXx.XXX rnm 

SPAN 

XXX,XXXmm 

• SHAPE 

GATE ON 
PRE'llK)US MENU 
PRESS <ENTER> 

TOSSl£CT 

SHAPE 
RECTANGUl..AA 

• NOMINAl. 
lOWSIOELOBE 
MIN $IOELOSE 

HELP 
MESS <ENTER> 

TO SElECT 

.Fipre 3·1119. Gating Menus 

d. Gating Example 
Let uS look at a reflection measurement. Adeviee 
at the end of a coax cable is measured in the fre· 
quency domain. We would like to measure the 
return loss ofthis 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 desen'be a method for 
making this measurement. 

511 FCRWRRC REFLECHOK 

LOG ~,.', 
OO!"FtN 

'FRCQl£M:Y 

FREClJ'::hCt 
WH'< TIM: 
GilTE 

"RESS ~Et'lTER; 
Ta 5EltCT 
C:< SIUTGH 

Figure 3·200. Frequency Gating 

1. 	 Convert the frequency domain data into the 
time domain using TIME BANDPASS MODE 
(Figure 3·201). 

t:l'OMRlli 

Ff;1tQlJUK'r'" 
iO.(>(>0.Ja_JIJ 

i, 
TlltEi! LOllfflS1 tI())E 

HlrE 
eAHOf>A$$ 1::J[ 

~l)t$Pt/l'~ 

Tlt1E>O:Sl"1<"\Ci: 

"" run:.;;: 

SU' ,,'ifi: 


GAri: 
 ,,. 
>flY 

PR£&<; '£"Ih". 
TO ,"L.EGr 

" 'If.lHChSO.O!XJ{;" 

Fipre 3·20L Time Gating 

2. 	Select SET GATE in the Domain menu then 
GATE DISP in the Gate menu. This allows us 
to put the gate around the discontinuity ofin· 
terest using the START, STOP, or CEN· 
TER/SPAN selections (Figure 3·202). 
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FilUre 8·202. Gate Display 

3. 	 Select GATE ON in the Gate menu and the 
unwanted responses are removed (Figure 
3-203). 

S1"",,1
o.{iOO .... 

SO.OOO C'I "'" 
""CR,,5.(;00 ;;o. 

, 
! 

h:)R'; 

Pc:.... ,,(~O:;:l !'I 
o.~, 

PItCSS ~E"lS:'<; 

\!I.(l(l()roU/olti OR V0':,i.f}'WF 

Fipre 8·204. Response with PHASOR 

IMPULSE ON Selected 


5. 	Select FREQUENCY WITH TIME GATE in 
the Domain menu to display the frequency 
domain S11 forward reflection of the gated 
time domain respcnse (Figure 3·205). 

O.()()(ljolt 

~"'.4Il\l>...cu'OlU in"",! 

1>:1."'* ~'" 

I 
, STQi<' 

.' 

23.636 V' 

C(IfT(1i 
~.$S4 "'" ..... 
4.611 ,,!O 

Fipre 8·208. Response with GATE ON Selected 

4. 	Select PHASOR IMPULSE ON in the 
Bandpass menu. The real and imaginary 
respcnses of the Phaser Impulse Respcnse Me 
displayed. Based on the display, the divice has 
a series inductance as well as resistance >50 
ohms (Figure 3·204). 

::t:rml" 
fC;! 

FRtflJO",-"" 

"'!I'\E 
~st'Oli: 

.""- ­-OlS!"l..l'lY-

1'!1'E/m$t'1HX 

SET '""'" 
$l'(T GATE 

GATE '" "EL.>' 

~$$ 4E~TCR. o SELECT 
OR 9U!TCH 

Figure 3·205. Regponse FREQUENCY 
WITH TIME GATE Selected 

An example of gating a transmission measure­
ment is making an antenna measurement. 
Gating can remove unwanted ground or chamber 
reflections that interfere with ch/U'aeterizing an 
antenna's pattern (Figure 3·206). 
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Transmitted Signal, 

"""". 
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 
insertion loss. 

SMALL RESPONSES 

• 	 Small Impedance Changes 
• 	 Long Lossy Devices 
• 	 High Insertion 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 

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. 
• Use 	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 

• 	 Use 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 Powertul and Versatile 

Network Analyzer Tool 


8-15.2 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 


DOMAIN 

FREQUENCY 

FREQUENCY 
WITH TIME 
GATE 

TIME 
LOWPASS MODE 

TIME 
BANDPASS MODE 

DISPLAY 

TIME/DISTANCE 

SET RANGE 

SET GATE 

GATE ONJOFF 

HELP 

PRESS <ENTER:> 
TO SELECT 
OR SWITCH 

DESCRIPTION 

Displays the data in normal frequency domain format. 

Displays the data in the frequency domain after a specific time range has 
been sampled by the gate function. 

Displays the data in the time (distance) domain, using true lowpass 
processing. Data must be taken using a harmonic series calibration and 
sweep in order to use this mode. 

Displays the data in the time (distance) domain using bandpass process­
ing. Any data sweep range using normal calibration can be used. 

Switches the mode of display between time and distance. This does not 
affect the actual displayed data, but only the annotation. 

Takes you to Menu TD2, which lets you set range and other display 
parameters. 

Takes you to menu TD4, which lets you set gate parameters. 

Switches the gate on or off each time ENTER is pressed. 

Displays an informational help menu. 

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. 

Figure 3·207. Menu TDl, Domam (FrequencylDisplay) 
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MENU DESCRIPTION 

LOWPASS TIME 
DOMAIN SETUP 

START 
XXX.XXXps 

STOP 
XXX.XXXps 

CENTER 
XXX.XXXps 

SPAN 
XXX.XXXps 

MARKER RANGE 

RESPONSE 
IMPULSE/STEP 

MORE 

PRESS <ENTER:> 
TO SELECT 

Sets the start time ofthe display. 

Sets the stop time of the display. 

Sets the center time of the display. 

Sets the span (Stop - Start) ofthe display. 

Takes you to Menu TD7d171, which lets you set the display to a range 
determined by two ofthe markers. 

Switches between Impulse and Step response each time ENTER is 
pressed. 

Takes you to Menu TD3, which contains additional selections for display 
setup. 

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. 

Flgure 3·208. Milnu TD2t1, Lowpass Time Damron Setup 
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MENU 

LOWPASS DISTANCE 
DISPLAY SETUP 

START 
XXX.XXXmm 

STOP 
XXX.XXXmm 

CENTER 
XXX.XXXmm 

SPAN 
XXX.XXXmm 

MARKER RANGE 

RESPONSE 
IMPULSE/STEP 

MORE 

DESCRIPTION 

Sets the start time ofthe display. 

Sets the stop time of the display. 

Sets the center time of the display. 

Sets the span (Stop - Start) of the display. 

Takes you to Menu TD7d17I, which leb you set the display to a range 
determined by two ofthe markers. 


Switches between Impulse and Step response each time ENTER is 

pressed. 


Takes you to Menu TD3, which contains additional selections for display 
setup. 

REL. VELOCITY Indicates the relative velocity ofUght, as set by the dielectric constant in 
X.X i menuRD2. 

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 
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MENU 

BANDPASS TIME 
DOMAIN SETUP 

START 
XXX.XXXps 

STOP 
XXX.XXXps 

CENTER 
XXX.XXXps 

SPAN 
XXX.XXXps 

MARKER RANGE 

PHASOR ON/OFF 
IMPULSE 

HELP - PHASOR 
IMPULSE 

~ MORE 

PRESS <ENTER> 

TO SELECT 


OR TURN ON/OFF 


DESCRIPTION 

Sets the start time of the display. 

Sets the step time of the display. 

Sets the center time of the display. 

Sets the span (Stop - Start) of the display. 

Takes you to Menu TD7d171, 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 your menu selection. Or, when the 
cursor is superimposed on PHASOR IMPULSE, pressing ENTER toggles 
the phasor between on and off. The menu remains on the screen until 
another menu is selected for display or until the CLEAR/RET LOC key 
is pressed. 

Figure 3-210. Menu TD2tb, Bandpass Time Domain Setup 
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MENU 

BANDPASS 
DISTANCE 

DISPLAY SETUP 

START 
XXX.XXXmm 

STOP 
XXX.XXXmm 

CENTER 
XXX.XXXmm 

SPAN 
XXX.XXXmm 

MARKER RANGE 

PHASOR ON/OFF 
IMPULSE 

HELP ­ PHASOR 
IMPULSE 

MORE 

REL. VELOCITY 
X.X 

PRESS <ENTER> 
TO SELECT 

OR TURN ON/OFF 

DESCRIPTION 

Sets the start distance of the display. 

Sets the stop distanee of the display. 

Sets the centor distanee of the display. 

Sets the span (Stop - Start) of the display. 

Takes you to Menu TD7d171, 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. 

Indicates the relative velocity of light, as set by the dielectric constant 
in menuRD2. 

Pressing the ENTER key implements your menu selection. Or, when the 
cursor is superimposed on PHASOR IMPULSE, pressing ENTER tcggles 
the phasor between on and off. The menu remains on the screen until 
another menu is selected for display or until the CLEAR/RET LOC key 
is pressed. 

Figure S-211. Menu TD2db, Bandpass Distance Display Setup 
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MENU DESCRIPTION 

BANDPASS TIME 
DOMAIN SETUP 

WINDOW 
NOMINAL 

SET GATE 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

OR TURN ON/OFF 

Takes you to Menu TD5, which lets you change the window type. 

Takes you to menu TD4, which lets you set the gate. 

Returns you to Menu TD2. 

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. 

FIgure 3·212. Menu TD3h, Bandpass Time Domwn Setup 

MENU DESCRIPTION 

LOWPASS TIME 
DOMAIN SETUP 

WINDOW 
NOMINAL 

SET GATE 

SET D.C. TERM 
XXX.XXX 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

Takes you to Menu TD5, which lets you change the window type. 

Takes you to menu TD4, which lets you set the gate. 

Takes you to Menu TD6, which lets you set the D.C. term for lowpass 
processing. 

Returns you to Menu TD2 

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. 

.Figure 3·213. Menu TD31, Lowpass Time Domrun Setup 
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MENU 

GATE 

START 
XXX.XXXmm 

STOP 
XXX.XXXmm 

CENTER 
XXX.XXXmm 

SPAN 
XXX.XXXmm 

SHAPE 
NOMINAL 

GATE ON 

PREVIOUS MENU 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

Sets the start time of the gate. 


Sets the stop time of the gate. 


Sets the center time of the gate. 


Sets the span (Stop - Start) of the gate. 


Takes you to Menu TD5, which lets you set the shape of the gate. 


Switches the gate on or off each time ENTER is pressed. 


Returns you to the previous menu. 


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. 


Figure 3-214. Menu TD4d,Gate (Distance) 
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MENU DESCRIPTION 

GATE 

START Sets the start time of the gate. 
XXX.XXXns 

STOP Sets the stop time of the gate. 
XXX.XXXns 

CENTER Sets the center time of the gate. 
XXX.XXXns 

SPAN Sets the span (Stop - Start) ofthe gate. 
XXX.XXXns 

SHAPE Takes you to Menu TD5, which lets you set the shape ofthe 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. 

FIgure 3-215. Menu TD4t,Gate (Time) 

MENU DESCRIPTION 

SHAPE 

RECTANGULAR 

NOMINAL 

LOW SIDELOBE 

MIN SIDELOBE 

HELP 

PRESS <ENTER> 
TO SELECT 

Selects a Rectangular (one-term) shape. 

Selects a two·term Hamming shape. 

Selects a three·term Blackman·Harris shape. 

Selects a four·term B1ackman·Harris shape. 

Displays an informational help menu, 

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

FIgure 3-lIl6. Menu TD5gfl'D5w, Shape 

360 OM 3-169 




TIME DOMAIN MENUS III CONTROL PANEL OPERATION 

MENU 

SET DC TERM 

FOR LOW PASS 

PROCESSING 


AUTO 
EXTRAPOLATE 

LINE 
IMPEDANCE 

OPEN 

SHORT 

OTHER 
-XXX.XXX# 
ABOVE VALUE 
REPRESENTS A 
REFLECTION 
COEFF. OF 
XX.XXXmU 

PRESS <ENTER> 
TO SELECT 

DESCRIPTION 

Since it is impossible to measure the true D.C. term required for lowpass 
processing, a value must be estimated. This menu allows a choice between 
five different selections for this value. 

Sets the D.C. term to a value determined by extrapolating the data points 
near the zero frequency. 

Sets the D.C. tenn to the characteristic impedance of the transmission 
medium (Zo). 

Sets the D.C. term to correspond to an open circuit. 

Sets the D.C. term to correspond to a short circuit. 

Sets the D.C. term to the value entered. 

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. 

FIgure 3·217. Menu TOG, Set D.C. Term for Low Pass ProceSSIng 
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MENU 

TIME 
MARKER RANGE 

START TIME 
MARKER () 
XXX.XXXnS 

STOP TIME 
MARKER () 
XXX.XXXnS 

RESTORE 
ORIGINAL 
RANGE 

PREVIOUS MENU 

USE KEYPAD 

TO CHOOSE 


MARKER (1 - 6) 

OR 

! PRESS <ENTER> 
TO SELECT 

DESCRIPTION 


Sets the start time to the value ofthe selected marker. 

Sets the stop time to the value of the selected marker. 

Returns the display to the original time range that was in effect before 
the marker range was selected. 

Returns you to the TD2 menu. 

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. 

Flgure 3·218. Menu TD7 dlTD71, Time Marker Range 
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SECTION IV 

GPIB OPERATION ­

BASIC PROGRAMMING 


4-1 	 INTRODUCTION 

This section provides a description of the GPIB and 
the network analyzer command codes. It also 
provides several examples of bus programming 

4-2 	 DESCRIPTION OF THE IEEE-488 
(IEC-625) INTERFACE BUS 

The IEEE-488 General Purpose Interface Bus 
(GPIB) is an instrumentation interface for integrat­
ing instrumenta, calculators, and computers into sys­
tems. The bus uses 16 signal lines to effect transfer 
ofdata and commands to as many as 15 instruments. 

The instruments on the bus are connected in paral­
lel, as shown in Figure 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 
staius 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 technique. 

This technique permita 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 analyzer. 

4-2_1 	 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 ofinforma­
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 representa the most-significant 

bit (MEB). Each byte representa a peripheral address 
(either primary or secondary), a control word, or a 
data byte. 

4·2.2 	 Management Bus Description 

The management bus is 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 (Attention) 
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 ofa multi­
byte message has been placed on the line. The line 
is also used in conjunction with ATN to indicate 
a parallel poll. 

c_ IFC anterface 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. BEN (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-Iocal 
(GTL) message or an RTL (return to local) com­
mand. 

6. SRQ (Service Request) 
This line is pulled LOW (true) by the network 
analyzer to indicate that certain preprogrammed 
conditions exist. 
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Figure 4·2. Typical Handshake Operation 

4·2.3 	 Data Byte Transfer Control (Hand· 
shake) Bus Description 

Information is transferred on the data lines by a tech­
nique called the three-wire handshake. The three 
handshake-bus signal lines (Figure 4-2) are described 
below. 

a. 	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. 

b. 	 NRFD (Not Ready For Data), 
This line goesTRUE (arrow 2) when a listener in· 
dicates that valid data has not yet been accepted. 
The time between the events shown by arrows 1 
and 2 is variable and depends upon the speed 
with which a listener ean accept the information. 

c. 	 NDAC (Not Data Accepted). 
This line goes FALSE to indicate that a listener 
has accepted the current data 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-OR 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 (; shows the next action in time: 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 before placing a new data byte on the bus. 

4-3 	 GPm OPERATION 

All front panel keys, except for LINE ONI 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 func· 
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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Table 4-L 360 lEEE488 Bus Subset Capability 

GPIB FUNCllON DESCRIPTION 
SUBSET 

AHt ! Acceptor Complete 
Handshake Capability 

Source Hand- Complete Capability 
shake 

SHt 

! T6 Talker No Talk Only (TON) 

TEO Talker With Ad- No Capability 
dress Extension 


: 

I 

L4 Listener No Listen Only (LON) 

Listener With Ad-
LEO dress Extension No Capability 

Service Request Complete Capabil~ySRt 

RL1 Remote/ Complete Capability 
Local 

.,..-. PPI Parallel Poll Complele Capability 

Complete Capability DCI Device Clear 

DTI Device Trigger Complete Capability 

: . .
44.1 	 Command Codes: Classifications 

The GPIB interface for the 360 uses more than 300 
commands to implement the various functions. For 
descriptive purposes, the commands are organized 
into functional classifications; as shown in Table 4-2. 
The paragraph, table and page numbers where the 
codes are described in detail are also provided. An aI­
phabeticallisting of the command codes is provided 
in Table 4-3. Both of these tables include codes that 
are deecribed in Section V, GPIB Operation-Ad­
vanced Programming. 

4·4..2 	 Command Codes: Syntax And 
Programming Tips 

a. Syntwr: 
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 is a 'channel-based" instrument, which 
means that most commands apply only to the 
current active channel. Therefore, to set up It 

desired state on muitiple channels, a CHl - CH4 
mnemonic should precede the setup. For 
example: 

"D14 CH1 S11 SMI CH2 S12 MPH CH3 s21 MAG 
CH4 S22 ISM" 

This string sets up a quad display (014) and then 
sets the s- parameter and graph type desired for each 
Channel (Channell: Sl1, Smith chart; Channel 2: 
S12, log magnitude and phase; Channel 3: 821, log 
magnitude; Channel 4: S22, inverted Smith chart). 

Other command codes are "global" in their extent, 
meaning they apply to all channels. Examples of 
these mnemonics: starUstop frequency (SRT,STP), 
averaging (AVG, AOF), and source power (PWR). 

44.3 	 Command Codes: Response To Errors 

The following describes how the 360 responds to 

error conditions 


a. Syntwr: Error 
The 360 beeps and sends a Service Request 
(SRQ), 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 (if enabled). The error is. 
cleared upon execution of the next instruction. 

c. Action Requested Not Possible 
The 360 sends an SRQ (if enabled) and ignores 
the command. 
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COMMAND CODES, DESCRIPTION IV GPIB OPERATION - BASIC COMMANDS 

Table 4·2 • Command Code C1as""s (1 0(2) 

Cmmand 
Code Description Para. Table Page 

Channels DSP, 013 , 024, 014, CHI, CH2, CH3, CH4 4-4.4 4-4 4·16 

Data entry o thru 9, ' •.• GHZ, MHZ. KHZ. PSC. NSC. USC. DBL. 
DBM. DEG. MMT, CMT, MTA, XXI. XX3, XM3, REU.IMU 

4-4.5 4·5 4·16 

Measurement Control S11, S21, S22. S12. SRT, STP, PWR, CWF. FHI. FME. 
FLO. HLD, TRS, CTN. WFS, SAl, SA2. TA2. SWP 

4-4.6 4-6 4·17 

Display Control MAG. PHA. MPH, SWR, SMI, ISM, SME, ISE, SMC, ISC, 
DLA, PlR, PLG, LIN, LPH. REl, IMG, RIM. SCL, OFF. 
REF. ASC. APR 

4-4.7 4·7 4·19 

Enhancement IFN, IFR. IFM, AVG, AOF, SON. SOF 4-4.8 4·8 4·22 

Reference Delay ROD, ROT. RDA, DIA, orr, DIP, DIM, DIE 4-4.9 4-9 4·22 

Trace Memory OAT, MEM, DTM, DNM. MIN, DlV, ADD, MUL, STD. SDK, 
RCK 

4-4.10 4·10 4·23 

Ma~ers MK1- MK6, MOF, MON, MOl - MOS, DRI - DR6, ORO, 
DRF, MRI - MRS, MMN, MMX, MIS ­ M6S, MIE ­ M6E, 
M1C-MSC 

4'4.11 4·11 4·25 

Limits LUP, lLO, LON, LOF, LFR, LFD, LFp 4-4.12 4·12 4·26 

Hard copy output TDD, PFS, PGR, PMK, PTB, PMT. PTO ­ PT9, PST, FFD, 
PLS, PLD, PlT, PMN, PLH, PGT, PFL, PTL, PTA, PBl, 
PBR, DPN, GPN, MPN, HPN, lOT, LNM, LMS, LID, TDD, 
RTB,SPD 

4·4.13 4·13 4·28 

Miscellaneous 
FunClions 

RST, FON, FOF, BGO, BCt, BLU, CYN, TST, RTl, DFP, 
DGS, DCP, DC1, DC3 

4·4.14 4·14 4·30 

Calibration C12, C8T, CRF, CFR, CFT, CRl, NOC, SRT. STP, DFC, 
FRS, FRI, FAP, FIL, DFQ, DFD, CWC, CWF, TDC, PIC, 
P2C, CMS, CFS, CMK. CFK, CMN, CFN, CM3, CF3, CNG. 
CND, COO, COS, ceo, OCt, CC2, OC3, BBl, SLD, BEG, 
TCD, NCS, KEC, CON, COF. A 12, AST, ARF, AFR, AFT, 
ARL 

5-5.1 • • 
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IV GPIB OPERATION - BASIC COMMANDS COMMAND CODES, DESCRIPTION 

Table 4-2 .Command Coda C)""••• (2 of 2) 

Cmmand 
Code Description Para. Table Page 

SavalRecall STO. RLD, SV1 - SV4, RC1 - RC4 5-5.2 • · 
Data Transfer OM1 - OM6, OAP, OKP, OlD, ONP, FMA, FMB, FMO, LSB, 

MSB,OOl - 009, OCA, OOB, 000, OOL, OCD, ICI - 109 
ICA, lOB, ICC, ICL,IFV, OFV, OSl - OS4, OFP, IS1-IS4, 
IFP, ODR, ORD, OFD, lCD, IFD 

5-5.3 · • 

Group Execute Trigger DEF, END 5-5.4 , , 

•Disk Functions SDK, RCK, STO, RLD, TOO, RTB, DEO, DED, DEN, INT, 5-5$ · 
LKT 

, • 
Des, DOV, MRR, lPI , lPS, FGT, GON, GOF, GDS, SRT, 
STP, GST, GSP, GOT, GSN, GRT, GNM, GlS, GMS, WRT, 
WNM, WlS, WMS 

FOD, DBP, TBP, DPI, TPI, DLP, TLP, DOA, DCZ, DCO, 5-5.6Time Domain 

•lPI, lPS, OPB, OEB, IPM, IEM, sao, SOl, OSB 5-5.7Status bytesiSRO · ! 

/"'. • Denotes material to be included in Section V of the follow-on packet. 


Table 4·3 • An Alphabetical List of Command Code. (1 of9) 


Command 
Code Oescrlptlon Para. Table Page 

ADD Select Complex Add~ion as Trace Math 4-4.10 4-10 4-23 

AFR Assume Frequency Response · · • 
AFT Assume Frequency Response - Transmission Only · • • 

AOF Averaging Off 4-4.8 4-8 4-22 

APR Sel Group Delay Aperature Percentage • · · 
ARF Assume Reflection Only - One Port · • • 

ARl Assume Frequency Response - Reflection Only · · • 

ASO Autoscale Display 4-4.7 4-7 4-19 

AVG (value) Averaging On and Set to Value 4-4.8 I 4-8 4-22 

AST Assume 8 Term · · · 

• Thmotes material to be included in Section V of the follow-on packet. 
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Table 4·3. An Alphabetical List of Command Codes (2 of9) 

Command 
Coda Dascrlptlon Para. Tabla Paga 

A12 Assuma 12 Term · · · 
BBl Broadband load · · • 

BCO Blank CRT 4-4.14 4-14 4-30 

BCl Unblank CRT 4-4.14 4-14 4-30 

BEG Begin Calibration · · · 
BLU Select Blue Color 4-4.14 4-14 4-30 

C12 Calibrate Full 12 Term · · · 
CST Calibrate S Term - One Path Two Port) · · · 
CCO - CC3 (value) Capacitance For Open Device · · · 
CFK Female K Connecto,TM 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 · • • 

CHI -CH4 Select Active Channell Through 4 4-4.4 4-4 4-16 

CMK Male K Connector For The Specified Port · · · -"'. 
CMN Male Type N Connector For The Specified Port · • · 
CMS Male SMA Connector For The Spec~ied Port · · • 

CMT Centimeter 4-4.5 4-5 4-16 

CM3 Male GPC- 3.5 Connector for the Specified Port • · • 
CF3 Female GPC - 3.5 Connector 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) Connector Offset for Open Device · • • 

COS (value) Connector Offset for Short Device · · · 
CRF Calibrate Reflection Only - One Port · · • 

CRl Calibrate Frequency Response - Reflection Only · · · 
CSB Clear Both Status Bytes • · • 

CTN Continue Sweeping From Hold 4-4.6 4-6 4-17 

CWC CWCal • · · 
CWF (value) CW Frequency 4-4.6 4-6 4-17 

~ 
CYN Select Cyan Color 4-4.14 4-14 4-30 
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Table 4-3 .An Alphabetical List ofCommand Codes ( 3 of9) 

Command 
Code Description Para. Table Page 

D13 Dual Channel 1 and 3 Display 4-4.4 4-4 4-16 

D14 Four Channel Display 1 Through 4 4-4.4 4-4 4-16 

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 dB 4-4.5 4-5 4-16 

DBM dBm 4-4.5 4-5 4-16 

DBP Distance Bandpass Mode · · · 
DCl Display Channels 1 and 2 Operating Parameters 4-4.14 4-14 4-30 

DC3 Display Channels 3 and 4 Operating Paramelers 4-4.14 4-14 4-30 

DCA DC Term For low Pass, Auto · · • 

DCO DCTerm For Low Pass, Open · • · 
DCP Display Calibration Parameters · · · 
DCS DCTerm For low Pass, Short • · • 

DCV (value) Set DC Term for Low Pass To Value Specified · · • 

DCZ DC Term for lowpass, Line Impedance · • · 
DEC (filename) Delete Cal File • · • 

DED (filename) Delete Data File · · · 
DEF Begin Definition of GET Action • • · 
DEG Degree 4-4.5 4-5 4-16 

DEN (filename) Delete Norm File · · • 

DFC Discrete Frequency Cal · · • 

DFD Discrete Frequencies Done · • • 

DFP Display Global Operating Parameters 4-4.14 4-14 4-30 

DFQ (value) Discrete Frequencies • • • 

DGS Display GPIB Status 4-4.14 4-14 4-30 

DIA Set Dielectric Constant to 1.0 for Air 4-4.9 4-9 4-22 

DIE (value) Enter Dielectric Constant 4-4.9 4-9 4-22 

DIM Set Dielectric Constant to 1.69 for Microporous Teflon 4-4.9 4-9 4-22 

DIP Set Dielectric Constant to 2.26 for Polyethylene 4-4.9 4-9 4-22 

DIT Set Dielectric Constant to 2.1 for Teflon 4-4.9 4-9 4-22 

DIV Set Complex Division as Trace Math 4-4.10 4-10 4-23 

DlA Group Delay Display Format 4-4.7 4-7 4-19 

DlP Distance lowpass Mode • • • 

DNM Display Data Normalized 10 Memory 4-4.10 4-10 4-23 

DPI Distance Phasor Impulse Mode • · • 
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Table 4-8. Alphabetical List of Command Codes (4 of9) 

Command 
Code Description Para. Table Page 

DPN (value) Data Pen Number 4-4.13 4-13 4-28 

DR1-DRS Select Detta Reference Marker 4-4.11 4-11 4-25 

DRF Delta Reference Mode On 4-4_11 4-11 4-25 

ORO Delta Reference Mode Off 4-4_11 4-11 4-25 

DSP Single Channel Display 4-4.4 4-4 4-1S 

DTM Display Data and Memory 4-4.10 4-10 4-23 

END End Defin~ion of GET Action · · · 
FFD Form Feed Sent to Printer · • • 

FGT Frequency With Time Gate · · · 
FHI Freguency Resolution High 4-4.S 4-S 4-17 

FIL Fill Range · · • 

FLO Frequency Resolution Low 4-4.S 4-S 4-17 

FMA ASCII Format Data Transfer • • • 

FMB Floating Point Format 64 Bit Data Transfer · · • 

FMC Floating Point Format 32 Bit Data Transfer • • • 

FME Frequency Resolution Medium 4-4.6 4-6 4-17 

FOF Blank All Frequency Information 4-4.14 4-14 4-30 

FON Display All Frequency Information 4-4.14 4-14 4-30 

FOD Frequency Domain · • • 

FRI (value) Fill Range Increment · • · 
FRP (value) Fill Range Points · · · 
FRS (value) Fill Range Start • • · 
GCT (value) Gate Center, Value in Time or Distance • · • 

GDS Gate Symbol Displayed • • · 
GHZ Gigahertz 4-4.5 4-5 4-16 

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 4-4.13 4-13 4-28 

GRT Gate Shape Rectangular • · · 
GSN (value) Gate Span, Value in Time or Distance · · • 

GSP (value) Gate Stop, Value in Time or Distance • · • 
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Table 4·3 • Alphabetical List of Command Codes (5 of 9) 

Command 
Coda Description Para. Table Page 

GST (value) Gate Start, Value in TIme or Distance • • • 
HLD Hold Mode 4·4.6 4·6 4·17 

HPN (value) Header Pen Number 4-4.13 4·13 4·28 

ICI -IC9 Load Cal Coefficients 1 Through 9 • • · 
ICA-ICC Load Cal Coefficients 10 Through 12 • • · 
ICD Load Corrected Data • • • 
ICL Input 12 Calibration Coelficients in String Format • • • 

IEM Input Extended Status Byte Mask • • • 
IFN Set IF Bandwith 10 Normal 4-4.8 4-8 4-22 

IFR Sat IF Bandwith 10 Reduced 4-4.8 4·8 4·22 

IFM SellF Bandwith 10 Minimum 4-4.8 4·8 4·22 

IFD Load Final Dala • • • 

IFV Inpul Ust 01 Frequencies • • • 
IMG Imaginary Display Formal 4-4.7 4·7 4-16 

IMU Imaginary U n ~s 4-4.5 4·5 4·16 

INT Initialize Data Disk • • • 
IPM Input Primary Status Byte Mask · • • 

ISC Select Inverted Compressed Smith Chart for Active Channe 4-4.7 4-7 4·16 

ISE (value) Expand Inverted Smith Chart (10,20, or 30 dB) 4-4.7 4-7 4·16 

ISM Inverted Smith Chart 4·4.7 4-7 4·16 

KEC Keep Existing Cal · • · 
KHZ Kilohertz 4·4.5 4-5 4·16 

LOT (siring) Label Date 4-4.13 4-13 4-28 

LFD (value) Set Limit De~a lor Limit Frequency Readout on Active 4-4.12 4·12 4·26 
Channel 

LFP Select Phase Limit Readout for Active Channel 4·4.12 4·12 4·26 

LFR Select Limit Frequency Readout for Active Channel 4-4.12 4-12 4-26 

LIN Unear Magnitude Display Format 4-4.7 4-7 4-19 

LID (siring) Label Device 10 4-4.13 4·13 4·28 

LLO (value) Set Lower limit 4-4.12 4-12 4-26 

LMS (string) Label Model and Sorial Number 4-4.12 4-12 4-26 

LNM (string) Label Operator's Name 4-4.12 4-12 4·26 

LOF Disable Limits 4-4.12 4·12 4·28 

LON Enable 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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Tabl" 4-3. Alphabetical List orCommand Cod ... (6 or 9) 

Command 
Coda Dasctlptlon Para. Table Page 

LPI lowpass Impulse • • • 

LPS lowpass Step · · · 
LSB Least Signifigarn Byte First Data Transfer Mode • · • 

LUP (value) Sel Upper limn 4-4.12 4-12 4-28 

MAG log Magnitude Display Format 4-4.7 4-7 4-19 

MEM Display Memory 4-4.10 4-10 4-23 

MHZ Megahertz 4-4.5 4-5 4-16 

MIN Select Complex Subtraction as Trace Math 4-4.10 4-10 4-23 

MK1- MKS(value) Set Marker To Value 4-4.11 4-11 4-25 

MMN Marker 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 

M01-MOS Markel'S Off 4-4.11 4-11 4·25 

M1C - MSC Marker Sweep CW Frequency 4-4.11 4-11 4-25 

M1E-M6E Marker Sweep End Frequency 4-4.11 4-11 4-25 

MIS - M6S Marker Sweep Start Frequency 4-4.11 4-11 4-25 

MON Markers Enabled 4-4.11 4-11 4·25 

MPH log Magnftude and Phase Display Format 4·4.7 4·7 4·19 

MPN (value) Marker Pen Number 4-4.13 4·13 4·28 

MRI-MRS Marker Selected for Readout and Data Output 4-4.11 4-11 4-25 

MRR Marker Range Restore • · • 

MSB Most SlgnHigant Byte First Data Transfer Mode • · • 

MTR Meter 4-4.5 4-5 4-16 
MUl Select Complex Mukiplication as Trace Math 4-4.10 4·10 4·23 

NCS Next Cal Stap · • • 

NOC Normal Cal · • • 

NSC Nanosecond 4-4.5 4·5 4-16 

OAP Output Active Parameter · • • 
OCl-OC9 Output Cal Coefficients 1 Through 9 • · • 

OCA-OCC Output Cal Coefficients 10 Through 12 • • • 

OCD OutpUI Corrected Data · • • 
OCl Output All 12 Cal Coefficients in Siring Format · • • 

ODR Output Disk Directory • • • 

OEB Outpul Extended Status Byte · • • 
OFD Output Final Dala • • • 
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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 Output Front Panel Setup in String Format · • · 
OFV Output Frequency Values • · · 
010 Output Identify • · • 

OKP Output Front Panel Key Pressed • • • 

OM1-0M6 Output Marker Value 1 Through 6 • · • 

ONP Output Number Of Data Points • · · 
OPB Output Primary Status Byte · • • 

ORO Output Raw Data · • • 

OSI -OS4 Output Stored Setup In String Format · • • 

PIC Port 1 Connector Specification · · • 

P2C Port 2 Connector Specification · · · 
PBl Plot Bottom left, 114 Screen 4·4.13 4-13 4-28 

PBR Plot Bottom Right, 114 Screen 4-4.13 4-13 4-28 

PFS Print Full Screen 4-4.13 4-13 4-28 

PGR Print Graph 4-4.13 4-13 4-28 

PGT Plot Graticule 4-4.13 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 4-4.13 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 4-4.13 4-13 4-28 

PlT Plot Trace(s) 4-4.13 4-13 4-28 

PMK Print Marker Data Only 4-4.13 4-13 4-28 

PMN Plot Menu 4-4.13 4-13 4-28 

PMT Print Marker And Tabular Data 4-4.13 4-13 4-28 

PSC Picosecond 4-4.5 4-5 4-16 

PST Stop Print IPlot 4-4.13 4-13 4-28 

PTO-PT9 Set Print Tabular Data Density 4-4.13 4-13 4-28 

PTB Print Tabular Data Only 4-4.13 4-13 4-28 

PTl Plot Top left, 114 Size 4-4.13 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 4·17 

RC1-RC4 4-4.10 4-10 4-23 
Numbers 1 Through 4 
Recall Front Panel Setup From Internal Memory , 

RCK (filename) Recall Normalization Data From Disk 4-4.9 4-9 4-22 

RDA Autoadjust Reference Delay 4-4.9 4-9 4-22 

Reference Delay (Value in Distance) 4-4.9 4-9 4-22RDD (value) 

Reference Delay (Value in Time) 4-4.9 4-9 4-22RDT (value) 

4-4.7Set Reference Line of Display on Active Channel 4-7 4-19REF 

4-4.7Real Display Format 4-7 4-19REL 

4-4.5 4-5 4-16REU Real Units 

4-4.7 4-19Real and Imaginary Display Format 4-7RIM 

• • •Reload Cal Data And Front Panel Setup From Disk RLD (filename) 

4-4.14 4-14 4-30RST Reset 360 To Defautt Parameters 

4-4.13 4-13 4-28RTB (filename) Recall Tabular Data From Disk 

4-4.14 4-14 4-30Return to Local RlL 

4-4.6 4-6Measure S 11 On Active Channel 4-17SII 

4-4.6 4-6S12 Measure S 12 On Active Channel 4-17 

Measure S 21 On Active Channel 4-4.6 4-6 4-17S21 

4-4.6S22 Measure S Z2 On Active Channel 4-6 4-17 

Set Source Attenuator, Port 1 4-4.6 4-6SAl (value) 4-17 

Set Source Attenuator, Port 2 4-4.6 4-6SA2 (value) 4-17 

SCL (value) 4-4.7 4-7Set Resolution (scale) of Display 4-19 

4-4.10SDK (filename) Store Data on Disk 4·10 4-23 

• •Sliding Load SLD · 
Compressed Smith Chart (dB) 4-4.7 4-7 4-19SMC (value) 

4-4.7Expanded Smith Chart (10, 20 ,or 30 dB) 4-7 4-19SME (value) 

Sm~h Chart 4-4.7 4-7 4-19SMI 

4-4.8Smoothing Off 4-8 4-22SOF 

4-4.8Smoothing On and Set to Value 4-8 4-22SON (value) 

Set Plotter Pen Speed Percentage 4-4.13 4-13 4-28SPD (value) 

• •DisableSROsao · 
• •Enable SRO sal · 

4-4.6Start Frequency, Distance, Or Time Value 4-6 4-17SRT (value) 

4-4.10Store Active Channel Data Trace to Memory 4-10 4-23STD 
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Table 4-3 .An Alphabetical List ofCommand Cod •• (9 of9) 

Command Description Para. Table Page 
Coda 

STO (filename) Store Cal Data And Front Panel Setup On Disk • • • 
STP (value) Stop Frequency, Distance Or Time Value 4-4.6 4·10 4·23 

SV1-SV4 Save Front Panal Setup to Internal Memory · • • 
Numbers 1 Through 4 

SWP Select Continuous Sweep Mode 4·4.6 4·10 4-23 

SWR Select SWR Display Format 4-4.7 4·7 4-19 

TA2 (value) Set Test Attenuator , Port 2 4-4.6 4·6 4·17 

TaP Time Bandpass Mode · · • 

TCD Take Cal Data · • • 

TOC Time Domain (Harmonic) Cal · · · 
TOO (filename) Tabular Data to Disk 4·4.13 4·13 4·28 

TLP Time Lowpass Mode • • • 

TPI Time Phasor Impulse Mode · • • 

TRS Trigger I Restart Sweep 4-4.6 4·6 4·17 

TST SeH Tesl 4-4.14 4·14 4-30 

USC Microsecond 4-4.5 4-5 4·16 

WFS Wa~ Full Sweep 4-4.6 4-6 4-17 

WLS Window Shape Low Sidelobe · · • 

WMS Window Shape Min Sidelobe · · • 

WNM Window Shape Nominal · • • 

WRT Winow Shape Rectangular · · • 

XM3 UnfileS$ Terminator X 10.3 4-4.5 4·5 4·16 

XXI Unfiless Terminator 4-4.5 4·5 4·16 

XX3 UnHles$ Terminator X 103 4·4.5 4·5 4·16 
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4-4.6 Command Codes: Meaurement Control 	 used with the Models 3630 and 3621 Test 8ets with 
attenuators. Note that the two source attenuators The command codes listed in Table 4-6 control the 
have ranges of 0 to 70 dB while the test attenuatorparameter being measured on the active channel has a range of 0 to 40 dB. The HLD code holds the

(811,821,822 & 812) and the basic measurement setup. sweep at the current point and the CTN code con­
All command codes except 811, 821, 822, and 812 are tinues sweeping from the current point. The TR8 
global, that is, they apply to the entire instrument. command code either restarts the sweep (continuous 
The 8Al, 8A2, and TA2 command codes can only be sweep mode) or triggers a single sweep (in hold 

Table 4-6. Measurement Control Command Codes 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

S11 Selects S" as S·Parameter On Active Channel N/A N/A 

S21 Selects S21 as S-Parameter On Active Channel N/A N/A 

S22 Selects S22 as S-Parameter On Active Channel N/A N/A 

S12 Selects S'2 as S-Parameter On Active Channel N/A N/A 

SRT Sets Start Frequency Depends On Frequency 
Range Of Instrument 

GHZ,MHZ,KHZ 

STP Sets Stop Frequency Depends On Frequency 
Range Of Instrument 

GHZ,MHZ,KHZ 

CWF Sets CW Frequency Depends On Frequency 
Range Of Instrument 

GHZ,MHZ,KHZ 

PWR Sets Source Power Depends On Power 
Range Of Source 

DBM,XX1,XX3,XM3 

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 odB to 70 dB DBL,DBM,XX1,XX3,XM3 

SA2 Sets Source Attenuator For Port 2 odB to 70 dB DBL,DBM,XX1,XX3,XM3 

TA2 Sets Test Attenuator For Port 2 odB to 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 Restarts a Sweep N/A N/A 

WFS Wa~ full sweep N/A N/A 

SWP Selects Continuous Sweep Mode N/A N/A 
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mode). The WFS code causes the 360 tc wait a full 
sweep so 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 tc ensure that the 
data being output is valid (see Section V, paragraph 
5-5.3, Command Codes: Data Transfer). The SWP 
code puts the 360 lntc con tinuous swept mode. 

4·4.7 Command 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: "SHE 20 DBI." 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. 

Example: "SMC 3 DBI." This code selects a 3 dB com­
pressed smith chart on the active channel. 

In addition tc the briefdescription in Table 4-7, codes 
SCL and REF require additional description as 
provided in sub-paragraphs a and b, below. 

a. 	 BeL 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 

terminatcrs always apply tc the first type of in· 
formation. 

Example: "MPH SCI. 10 XXi" This code will 
select a log magnitude and phase display on the 
active channel and set the magnitude scaling tc 
10 dBldiv. The only way tc scale the degrees part 
of the graph is by explicit use of the DEG 
terminator: 

Example:"MPH SCI. 45 DEG" This code selects 
a 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. 

b. 	 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 allowable reference line 
values are 0 tc 8, while for graphs with two types 
of information the reference line value can only 
be 0 tc 4. As described for the SCLcode, for graphs 
having two ~pes ofinformation present, the unit­
less terminatcrs apply tc 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 DESCRIP1l0N VALUES TERMINATORS 

MAG Selects log Magn~ude Display for Active 
Channel 

NIA N/A 

PHA Selects Phase Display for Active Channel NlA NIA 

MPH Selects log Magn~ude and Phase Display jor 
Active Channel 

NlA N/A 

SMI Selects Normal Smith Chart Display for Active 
Channel 

NlA NIA 

SWR Selects SWR Display for Active Channel NIA N/A 

ISM Selects Inverted Normal Smith Chart Display for 
Active Channel 

N/A N/A 

DLA Selects Group Delay Display for Active Channel N/A N/A 

PlR Selects linear Polar Display for Active Channel N/A N/A 

PlG Selects log Polar Display for Active Channel NIA NIA 

UN Selects linear Magn~ude Display for Active 
Channel 

NIA NIA 

LPH Selects linear Magnitude and Phase Display for 
Active Channel 

NlA NIA 

REl Selects Real Display for Active Channel NIA N/A 

IMG Selects Imaginary Display for Active Channel NIA NlA 

RIM Selects Real And Imaginary Display for Active 
Channel 

NIA NIA 

SME Selects Expanded Smith Chart Display for 
Active Channel 

10,20,30 DBl,XX1 

ISE Selects Inverted Expanded Smith Chart Display 
for Active Channel 

10,20,30 DBl,XXI 

SMC Selects Compressed Sm~h Chart Display for 
Active Channel 

3 DBl,XXI 

ISC Selects Inverted Compressed Smith Chart 
Display for Active Channel 

3 DBLXXI 
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Table 4·7 Display Control Command Codes (2 of 3) 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

SCL Sels Scaling Of Display On Active Channel Depends OIl Greph 
Type: 

Depends on Graph 
Type: 

Log Mag and Log Polar: 0.001 10 50 dB/dlv DBL,XX1,XX3,XM3 

Phase: 0.01 to 90 degrees/dlv DEG (,XX1.XX3 XM3 
lor PHA display) 

Group Delay: 1 lemlosecond/dlv 10 
999.999 sidlv PSC.NSC.USC 

Linear Mag & Linear Polar: 1 nanounllidiv to 
999.999 un~sidlv XX1,XX3,XM3 

Real: 1 nanoun~ld Iv to 
999.999 unllsidiv REU.XX1,XX3.XM3 

Imag: 1 nanoun~/div 10 
999.999 unlls/dlv 

IMU (,XX1,XX3, XM3 
lor IMG display) 

OFF 

SmltMnverted Sm~h: 

Sel Offset of Display on Active Channel 

N/A 

Depends On Graph Type: 

N/A 

Depends On Graph 
Type: 

(This code moves the graph's reference 
pos~lon to the offset value) 

Log Mag & Log Polar: -999.999 to 999.999 dB DBL.XX1.XX3,XM3 

Phase: -180 to180 degrees DEG (,XX1,XX3. XM3 
for PHA display) 

Group Delay: -999.999 to 999.999 s PSC,NSC.USC 

Linear Mag & Linear Polar: oto 999.999 units XXl,XX3.XM3 

Real: -999.99910999.999 unfts REU.XX1,XX3.XM3 

Imaginal)' -999.999 to 999.999 units IMU (.XX1,XX3. XM3 
lor IMG display) 

Smith/Inverted Smilh: NIA N/A 

REF Set Relerence Une of Display on Active 
Channel 

Depends on Graph Type: Depends on Graph Type: 

Log Magnilude. MAG Display: 

Log Magnitude. MPH Display: 

0108 

Ot04 

! DBL.XX1,XX3.XM3 

DBL.XX1,XX3.XM3 

Phase. PHA Display: 0108 DEG,XX1,XX3,XM3 
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Table 4·7, Display Control Command Codes (3 of 3) 

COMMAND 
I 

I 

TERMINATORSDESCRIPTIONCODE VALUES 

REF(cont) Phase, MPH Display: 0104 DEG 

PSC,NSC,USC,XX1, 
XX3,XMS 

Group Delay: Oto 8 

XX1,XX3,XM3Linear Magnitude, LIN Display: Oto e 

XX1,XX3,XM3Linear Magnitude, LPH Display: Ot04 

REU,XX1,XX3,XM3Real, REL Display: 010 8 

REU,XX1,XX3,XMSReal, RIM Display: 0104 

IMU,XX1,XX3,XMSImaginary, IMG Display: 010 a 

IMUImaginary, RIM Display: Ot04 

N/AN/ASmitMnverted Sm~h: 

NIALinear Polarl Log Polar: N/A 

Autoscale Display On Active Channel NIA N/AASC 

APR Sel Group Delay Aperture Percentage 01020 XX1,XX3,XM3 
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4-4.8 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·& Enhancement Command Code. 

COMMAND 
CODE 

IFN 

DESCRIPTION 

S&iects Normal IF Bandwidth 

VALUES 

NIA 

TERMINATORS 

NIA 

IFR Selects Reduced IF Bandwidth NIA NIA 

IFM Selects Minimum IF Bandwidth NIA NIA 

AVG Turns On Averaging and Sets to Value 1 to 4095 XX1.XX3.XM3 

AOF Turns Off Averaging NIA NlA 

SON Turns On Smoothing and Sets to Value Oto 20 ! XX1.XX3,XM3 

SOF Turns Off Smoothing NIA 

I 

NIA 

4-4.9 Command Codes: Reference Delay 

The command codes listed in Table 4·9 are used to set 
up the reference delay applied to a channel and the 
relative dielectric constant of the system. Note that 

RDD. RDT, and RDA change the active channel's 
reference delay while DIA, DlT, DIP, DIM, and DIE 
change the sYstem's dielectric constantr-a global 
change. The code RDA should only be used if a valid 
sweep is present. 

Table 4-9 Reference Delay Command Codes. 
COMMAND 

CODE DESCRIPTION VALUES TERMINATORS 

RDD Sets Rmarence Delay As a Distance Value for 
the Active Channel 

-999.999 to 999.999 m MMT,CMT.MTR 

ROT Sets Reference Delay As a Time Value lor the 
Active Channel 

-999.999 to 999.999 us PSC,NSC,USC 

RDA Selects Automatic Reference Delay for the 
Active Channel 

NlA NIA 

DIA Selects Air Dielectric (1,00) NIA NIA 

Drr Selects Teflon Dielectric (2.10) NIA NIA 

DIP 

DIM 

Selects Polyethylene Dielectric (2,26) 

Selects Microporous Tellon Dielectric (1.69) 

NIA 

NIA 

, NIA 

NIA 

DIE I Sets Dielectric to Value 1 to 999.999 XXI XX3,XM3 
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4-4.10 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. 

This code causes the 360 to 
• Wait a full sweep until data is valid (WFS). 
• Store data to memory (STD). 
• Select complex division as the trace math (DlV). 
• Display the data normalized to memory using this 

trace math (DNM). 

Descriptions of the SDK and RCK mnemonics are In order to view a display that involves trace memory covered in Section V, paragraph 5-5.5, Command (MEM, DTM and DNM) or to store trace memory to Codes: Disk Functions. disk, the data for the channel must have been stored 
to memory first using the STD code. 

Example: "lIF8 8m DI:V DNM" 

Table 4·10. Trace Memory Command Codes 

COMMAND 
CODE DESCRIPTION 

DAT Displays Data Trace on Active Channel 

MEM Displays Memory Trace on Active Channel 

DTM Displays Data and Memory Traces on Active Channel 

DNM Displays Measured Data Normalized to Memory on Active Channel 

MIN Selects Complex Subtraction As Trace Math on Active Channel 

DIV Selects Complex Division As Trace Math on Active Channel 

ADD Selects Complex Add~ion As Trace Math on Active Channel 

MUl Selects Complex Mu~iplication As Trace Math on Active Channel 

STD Stores Active Channel's Data Trace to Memory 

SDK Stores Active Channel's Trace Memory to Disk Under The Specified File Name 

RCK Retrieves Active Channel's Trace Memory From Disk File Spec~ied 
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4-4.11 Command Codell : Markers 

The command codes listed in Table 4-11 control the 
location and display ofthe markers and the functions 
related to the markers. The MKI. - MR6 codes lI1'e 
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~therwise. an action-not-possible error 
will result. 

Example: "Mltl. l.. 0000 NSe" on a frequency 
domain channel generates an action-not-possible 
error. 

Markers can be individuaily turned off using the 
MOl - M06 codes or markers Can be disabled using 
the MOF code. A marker is turned on whenever any 
of the following conditions occur: 
• When the marker i. set to a value, for example: 


"M1I:2 4.5632 GHZ" • 

• When 	the marker is selected for readout. for 

example: 
1IM:R2" 

• When the marker is selected as the delta reference 
marker, for example: "DR2" 

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 
mll1'ker selected for these mnemonics to execute.The 
MlS-M6S MIE-M6E and MIC-M6Cmnemonics 
are used to define a marker sweep using the specified 
marker for either the start, stoP. or CW frequency. 

Example: "WII'S MRl. lIMX Ml.S" 

This code sequence causes the 360 to 
• Wait for a full sweep of data to be present (WFS). 
• Tum on marker 1 and select it for readout (MRl). 
• Move marker 1 to the maximum value of the trace 

on the active channel (MMX). 
• 	Set the start frequency equal to the marker 


frequency (MlS). 
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Table 4-1L Marker Command Codes 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

MKI -MKS Turns On Marker 1 - S and Sels Them 10 Value 
As Shown Below: 

Frequency Markers limited to Current 
Sweep Range 

GHZ, MHZ, KHZ 

Time Markers: limited to Current 
Zoom Range 

PSC,NSC,USC 

MOF 

Distance Markers: 

Disables Markers 

limited to Currenl 
Zoom Range 

N/A 

MMT,CMT,MTR 

NIA 

MON 

OOl-M06 

Enables Markers 

Turns Off Marker 1 - S 

N/A 

N/A 

: NIA 

N/A 

DR1- DRS Turns On Marker 1 - 6 As Delta Reference 
Mat1<er 

N/A N/A 

DRF Turns On DeHa Reference Marker Mode NIA N/A 

ORO Turns Off DeKa Reference Marker Mode N/A NIA 

MR1-MRS Selects Marker 1- S As Readout Marker N/A N/A 

MMX 

MMN 
I Moves Active Marker to Maximum Trace Value 

Moves Act",e Markerto Minimum Trace Value 

N/A 

NIA 

N/A 

NiA 

MIS-MSS 

MIE-MSE 

Marker Sweep Wrth Marker 1 - SAs Start 
Frequency 

Mat1<er Sweep Wrth Marker 1 - S As Stop 
Frequency 

NIA 

N/A 

N/A 

N/A 

M1C-MSC CW Marker Sweep With Marker 1 - S As CW 
Frequency : 

NiA N/A 
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4-4.12 Command Codes: Limits 

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 
BeL, 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 oflimit line value is accessed by explicit 
use of the appropriate data terminator mnemonic. 
Examples: 

1. "LOP 20 XXl" on a log magnitude and phase 
display: sets the upper limit on the magnitude dis­
play to 20 dB. 

2. "LOP 45 DEG" mustbeusedtosettheupperlimit 
on the phase graph. 

Table 4·12. Limits Command Codes 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

LUP 

LLO 

LFO 

LOF 

LON 

LFR 

LFP 

Turns On lim~ I On the Active Channel and 
sets It to value, as Shown Below 

Turn On Lim~ 2 On the Active Channel And 
set tt to Value. as Shown Below 

Set lim~ Delta On Active Channel for Limfi 
Frequency Readout. as Shown Below 

Log Mag & Log Polar: 

Phase: 

Group Delay: 

Linear Mag & Linear Polar: 

Real: 

Imaginary: 

Smfihllrwerted Smfth: 

Disables Limtts On Active Channal 

Enables Limits On Active Channel 

Selects Limfi Frequency Readout for Active 
Channel 

Selects Phase Limit Frequency Readout for Ac­
live Channel for Log MagnitudeAinear 
Magnfiude and Phase Displays 

Depends On Graph Type: 

Depends On Graph Type: 

Depends On Graph Type: 

-999.999 to 999.999 dB 

-180 to180 degrees 

-999.999 to 999.999 s 

010999.999 U 

-999.999 to 999.999U 

-999.999 to 999.999U 

010 1.413 unfis 

NfA 

NlA 

NfA 

NlA 

Depends On Graph 
Type: 

Depends On Graph 
Type: 

Depends On Graph 
Type: 

DBL.XXI.XX3.XM3 

DEG (.XX1.XX3 XM3 
for PHA display) 

PSC.NSC.USC 

XX1.XX3.XM3 

REU.XX1.XX3.XM3 

IMU (.XX1.XX3.XM3 
for IMG display) 

XXl.XX3.XM3 

NfA 

NfA 

NfA 

NfA 
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NOTE 
The LFR, LFP, and LFD mnemonic codes, 
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), 
linear 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 PrO - PT9. 
These ten codes set up U) the density of tabular data 
points output to the printer for PrB and PMT and (2) 
the number of data points included in the output file 
for TDD (tabular data to disk). The number in the 
PTO - Pr9 mnemonic codes specifies the number of 
points that are skipped during the print. Therefore, 
PrO selects the densest printing mode while PT9 
gives the fewest number of data points. 

The command codes for plotting fall into two 
categories: setup and action. The setup codes are 
those that specify the desired size and location of the 
plot (PFL, PrL, PrR, PBL, PBR) and the pen num­
bers for each element of the plot (DPN, GPN, MPN, 
HPN). The action mnemonics actually initiate a plot 
for the subset of the display desired (PLS, PLD, PL:l', 
PMN, PLM, PLH, PGT). 

The LMS, LID, LDT, and LNM codes 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 canllOt exceed 
the maximum number ofcharacters specified for the 
mnemonics. An example of embedding quote charac­
ters in a string sent to the 360 is shown in Fignre 4· 
3. This example is in HP 85 BASIC. 

The TDD code allows for outputting tabular data 
under the current print density mode (PrO - 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 
operation of the TDD and RTB codes are 
covered in Section V, paragraph 5-5.5, 
Command Codes: Disk Functions. 

10 ! EXAMPLE ON USE OF STRINGS 

20 Q$=CHR$(34) QUOTE SYMBOL 

30 M$="4 TO 8 FILTR" ! MODEL 

40 I$="456789" , LD. 

50 D "8/25/87" ! DATE 

60 O$~"GPIB WHIZ" ! OPERATOR 

70 OUTPUT 706 "LMS"&Q$&M$&Q$ 

80 OUTPUT 706 "LID"&Q$&I$&Q$ 

90 OUTPUT 706 "LDT"&Q$&D$&Q$ 

100 OUTPUT 706 '"LNM"&Q$&O$&Q$ 

110 END 
Figure 4·3 An Example of Hard Copy Code Using Embedded quotes 
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Table 4-13. Hard Copy Command Codes (1 of 2) 

COMMAND 
CODE DESCRIP110N VALUES TERMINATORS 

PFS Prints Full Scre .. n NlA N/A 

PGR Prints Graph Ar .. a Only N/A NIA 

PMK Prints Tabular Mark .. r Data N/A NlA 

PTB Prints Tabular Trac .. Data NlA N/A 

PMT Prints Tabular Marker and Trace Data N/A NlA 

PTO-PT9 S .. I .. cts Tabular Printout Point D .. nsity N/A NIA 

PST Stops PrinUPlot N/A N/A 

FFD Print .. r Form F .. ed N/A N/A 

PLS Plots Entire SCr.... n N/A N/A 

PLD Plots Graph Area N/A N/A 

PLT Plots Data Trace(s) NlA NlA 

PMN Plots M .. nu N/A N/A 

PLM Plots Mark .. rs and Um~s N/A NIA 

PLH Plots Head .. r NlA N/A 

PGT Plots Graticul .. N/A N/A 

PFL Selects Full Siz .. Plot N/A N/A 

PTL S .. lects 1/4 Size Plot, Top Left N/A N/A 

PTR Selects 114 Size Plot, Top Right N/A N/A 

PBL Selects 1/4 Size Piol. Bottom Left N/A N/A 

PBR Selects 114 Size Plot, Bottom Right N/A NlA 

DPN Sets Pen Number for Plotting Data 1108 XXI 

GPN Sets Pen Number for Plotting Graticule Ito 8 XXI 

MPN Sets Pen Number for Plotting Markers and Um~ 1108 XXI 

HPN Sets Pen Number for Plotting H .. ader Ito 8 XXI 

LMS Labels Model and Serial Number of Device String of Characters Up 
To 12 Characters Long 

N/A 
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Table 4·18. Hard Copy Command Code. (2 of 2) 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

LDT Labels Dale of Test String of Characters Up N/A 
to 12 Characters Long 

LID Labels Device ID String of Characters Up N/A 
to 12 Characters Long 

LNM Labels Operator's Name String of Characters Up NlA 
10 12 Charact ....s Long 

TDD Stores Tabular Data to Disk in Rle Spec~ied NlA N/A 
(See File Naming Conventions In Paragraph 
5-5,5) 

RlB Recalls Tabular Data From Disk File Specified to NlA NIA 
Printer 

SPD Sets Plotter Pen Speed Percentage 10t01oo XX1,XX3,XM3 

4-4.14 Command Codes: Miscellaneous 

Table 4·14 list the miscellaneous command codes. 
These are codes that do not fit into any of the other 

,r-' listed categories. 
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Table 4-14. Miscellaneous Command Codes 

COMMAND 
CODE DEFINITION NOTES 

RST Resets 360 to Its Delau~ State Similar to pressing the "DEFAULT PROGRAM" key. 

FOF Implements Frequency Blanking Instructs the 360 to blank any frequency information Irom 
the screen and any hard copy oUlpu!. This code is useful 
for security reaso ns. 

FON Disables Frequency Blanking Frequency blanking can be turned off using this code. 

BCO Implements Display Blanking Allows for the u~imate In security ­ a totally blank 
screen. In this mode, the 360 is lully operational over the 
GPIB but nothing appears on the display. 

BCI Disable. Display Blanking Screen blanking is turned off using the BCI mnemonic. 

BLU Selects Blue As 3rd Color Plane Color Allows selection of the third color used by the 360 lor 
mari<ers, limits, and some menu annotation, 

CYN Selects Cyan As 3rd Color Plane Color Allows selection of the third color used by the 360 for 
markers. limits. and some menu annotation. 

TST Runs A SeW Test Instructs the 360 to perform a seW test. An error in the 
seK test would be reported in the primary status byte, b~ 
7 (see paragraph 5-5.7), 

RTL 

DFP 

Returns to Local Control 

Displays Global Operating Parameters 
! 

Performs the same lunction as the oontrol panel 
RETURN TO LOCAL key. This code has no effect if the 
360 is in local lockout. 

Displays Global Operating Parameters in the data area 
01 the screen. 

DGS Displays GPIB System Parameters Displays GPIB System Parameters in the data area of 
the screen, 

DCP Displays Calibration Parameters Displays 
screen. 

Calibration Parameters in the data area 01 the 

DCI Displays Channell and 2 Operating 
Parameters 

Displays Channels 1 and 2 Operating Parameters in the 
data area of the screen. 

DC3 Displays Channel 3 and 4 Operating 
Parameters 

Displavs Channels I and 2 Operating Parameters in the 
data area 01 the screen. 
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4·5 BUS MESSAGES, 360 RESPONSE TO 

Table 4·15 provides a list ofIEEE-4SS bus messages 
and describes how the 360 responds to each. 

Table 4·15. 360 Response to IEEE-488 Bus Messages 

COMMAND 
CODE DEFINITION NOTES 

DCl, Device Clear Resets the 360 to Its defau~ state. Equivalent to the RST 
SDC Selected Device Clear command. 

GTL Go to local Returns the 360 to local (control panel) control. 

GET Group Execute Trigger Executes a string of commands defined by the DEF ... 
END mnemonics. 

NOTE 
The GET command is buffered and executed in·line 
w~h other commands. 

IFC Interface Clear Stopa the 360 GPIB from talldngnistening. 

llO local lockout Disable. the control panel RETURN TO lOCAL ~ey. 

REN Remote Enable Places the 360 in remote when addressed to listen. 

SPE Serial Poll Enable OutP'lt. the binary status byte. 

SPD Serial Poll Disable Disables the serial poll funotion. 

PPC Parallel Poll Configure Sets the assigned bus line \0 reflect fts SRO status. 

PPE Parallel Poll Enable Enables the 360 for parallel poll operation. 

PPU Parallel Poll Unconfigure Cancels any previous parallel poll configurations. 

PPD Parallel Poll Disable Disables the parallel polling function. 
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SECTION V 
GPIB OPERATION­


ADVANCED PROGRAMMING 


5·1 	 INTRODUCTION 

This section describes the more complex GPIB func· 
tions available on the 360. The topics covered in this 
section are: 

• Calibration 

• SavelRecall 
• 	Data Transfer 
• Group Execute Trigger 
• Disk Functions 
• Time Domain 
• 	Status Byte Handling 

This section assumes the reader i. familisr with the 
material covered in Section Iv. 

5·2 	 ADVANCED COMMAND CODES: 
DESCRIPTIONS 

The following tables and paragraphs describe the 
functions and usage ofthe advanced GPIB 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: 

• SpeciiY the calibration method desired. 
• SpeciiY the type of calibration desired. 
• SpeciiY 	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 briefdescriptions 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 

a. 	 Specify Normal 601 Point Calibration 
(NOC) 
This code sets up a normal frequency range 
calibration. 

b. 	 Enter Start Frequency for Normal 
Calibration (SRT) 
This code sets the lower limit of the range offre· 
quencies used for the calibration process. 

c. 	 Enter Stop Frequency for Normal 
Calibratum (STP) 
This code sets the upper limit of the range oUre· 
quancies used for the calibration process. 

d. 	 Specify Dillcrete 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 S number of points S SOl). 

2. The IFV code allows for a frequency list input 
of calibration frequencies. Refer to paragraph 
5·2.4, Advanced Command Codes: Data 
Transfer for more details. 

e. 	 Specify CW Calibration (CWC) 
This code sets up a continuous wave (CWJ 
calibration. 

f. 	 Enter CW Frequency for Calibration (CWF) 
This code is used to enter the frequency employed 
in the CW calibration. 

g. 	 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. 

h. 	 Set up to Specify Port 7Wo Standards (P2C) 
This code specifies port two as the port that the 
subsequent connector·related codes apply to. 
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Example: i. Other Connector Specification (CND) 

"l'lC CFK 1'2C CNK" 
This code allows a non-standard connector to be 
specified. This is the same as selecting OTHER 

This sequence of codes sets up a female K connec­
tor for port 1 (Pl C CFK) and a male K connector 
for port 2 (P2C CMK). 

from the control panel menu. When specifying 
the CND code, the connector offset for the open 
andlor short device and the capacitance coeffi­
cients for the open device are entered to charac­
terize the connector. 

j. 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. Ifany frequencies are 
below 2 GHz, you must use a broadband load 

Table 5-L Calibration Command Codes (1 of3) 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

RPC Repeat Previous Calibration N/A N/A 
LTC Specify Coaxial Line Type N/A NIA 
LTU Specify Microstrip Line Type N/A NfA 
LTW Specify Waveguide Line Type N/A N/A 

SCM Specify Standard Calibration Method N/A N/A 
OCM Specify Offset Short Calibration Method N/A N/A 
LCM Specify LRL Calibration Method N/A N/A 
C12 Begin 12-term Calibration NfA NfA 

CaT Begin a-term (1 Port) Calibration NfA NfA 

CRF Begin Reflection Only (1 Port) Calibration N/A NfA 

CFR Begin Frequency Response Calibration N/A NfA 

CFT Begin Transmission Only Frequency Response N/A NfA 
Calibration 

CRL Begin Reflection Only Frequency Response N/A N/A 
Calibration 

NOC Specify Normal 501-point Calibration NfA NfA 

DFC Specify Discrete Frequency Calibration NfA NfA 

CWC Specify CW Calibration N/A NfA 

TOC Specify Time Domain Harmonic Calibration NfA NfA 

SRT Enter Start Frequency lor Normal or Harmonic Depends on Frequency GHZ.MHZ.KHZ 
Calibration Range at Instrument 

STP Enter Stop Frequency tor Normal or Harmonic Depends on Frequency GHZ.MHZ,KHZ 
Calibration Range 01 Instrument 

DFQ Enter Discrete Frequency for Calibration Depends on Frequency GHZ.MHZ.KHZ 
Range ot Instrumenl 

CWF Enter CW Frequency for Calibration Depends on Frequency GHZ,MHZ,KHZ 
Range at Instrument 
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Table 6·1 Calibration Command Codes (2 of 3). 
COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

FRS 

FRI 

FRP 

IFV 

FIL 

DFD 

WOO 

VSW 

SBT 

SBD 

USE 

USZ 

PIC 

P2C 

CMS 

CFS 

CMK 

CFK 

CMN 

CFN 

CM3 

CF3 

CNG 

CND 

ceo 
COS 

cco 

CCI 

, 

i 

I 

Enter Fill Range Start Frequency 

Enter Fill Range Frequency Increment 

Enter Fill Range Number 01 Points 

Input Frequency list for Calibration 

Fill Frequency Range Defined by FRS, FRI, 
and FRP 

Discrete Frequency Entry Done 

Enter Waveguide Cutoff Frequency 

Enter Microstrip Width 

Enter Microstrip Substrate Thickness 

Enter Microstrip Substrate Relative Dielectric 
Constant 

Enter Microstrip Effective Relative Dielectric 
Constant 

Enter Microstrip Characteristic Impedance 

Set Up to Specify Port I Calibration Standards 

Set Up to Specify Port 2 Calibration Standards 

Male SMA Connector for SpecKied Port 

Female SMA Connector for Specified Port 

Male K ThI Connector for Specified Port 

Female K Connector for Specified Port 

Male Type N Connector for SpecKied Port 

Female Type N Connector lor Specilied Port 

Male GPC-3.5 Connector lor SpecKied Port 

Female GPC-3.S Connector lor SpecKied Port 

GPC-7 Connector for SpecKied Port 

Other Connector Specllication 

Connector Offset for Open Device 

Connector Offset for Short Device 

Capacijance Coefficient lor Open Device, 
Implied X 10 E-15 

Capacitance Coefficient for Open Device, 
Implied X 10 E-27 

Depends on Frequency 
Range of Instrument 

Depends on Frequency 
Range 01 Instrument 

1 to (501 - CUrrent 
Number of Points) 

Ust 01 Frequencies in 
Current Data Forma! 

N/A 

NiA 

o - Current Start 
Frequency 

0.001 mm ­ 1.0 m 

0,001 mm -1.0 m 

1,0-9999,99 

1.0 ­ 9999.99 

1.0 - 9999.99 

NiA 

N/A 

N/A 

N/A 

NIA 

NiA 

NiA 

NIA 

NiA 

NiA 

NIA 

NIA 

-999.999 m to 999.999 m 

-999.999 m to 999.999 m 

-999.999 to 999.999 

-999.999 to 999.999 

GHZ.MHZ,KHZ 

GHZ.MHZ.KHZ 

XXI, XX3, XM3 

N/A 

NiA 

N/A 

GHZ, MHZ, KHZ 

MMT, CMT. MTR 

MMT, CMT, MTR 

XXI, XX3, XM3 

XXI, XX3, XM3 

XXI, XX3, XM3 

N/A 

N/A 

NiA 

N/A 

NIA 

NIA 

N/A 

NiA 

N/A 

NIA 

NIA 

NIA 

MMT. CMT. MTR 

MMT. CMT, MTR 

XXI 

XXI 
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Table 6-1. Calibration Command Codes (3 of 3) 

COMMAND 
CODE TERMINATORSDESCRIPTION VALUES 

CC2 Capacitance Coefficienl for Open Device, 
Implied X 10 E-36 

CCS Capac~ance Coefficien1 for Open Device, 
Implied X 10 E-4S 

BBl Specify Broadband Load for Calibration 

SLD SpecHy Sliding load for Calibration 

BEG Begin Calibration Data Collection Steps 

TCD Take Calibration Data for Current Standard 

NCS Go on to Next Calibration Step 

KEC Keep Existing Calibration 

COF Turn Any Vector Error Correction Off 

CON Turn Vector Error Correction On H Available 

A12 Simulate 12-term Calibration 


AlIT 
 Simulate 8-term (1 Port) Calibration 

ARF Simulate Rellection Only (1 Port) Calibration 

AFR : Simulate Frequency Response Calibration 

AFT Simulate Transmission Only Frequency 

-999.99910999.999 XXI 

-999.99910 999.999 XXI 

NiA NiA 

NiA NiA 

NfA NfA 

NlA NfA 

NfA NfA 

NfA NfA 

NfA NiA 

NlA NiA 

NlA NfA 

NfA NfA 

NlA NfA 

NfA NfA 

NfA NfA 
Response Calibration 

ARl Simulate Reflection Only Frequency Response NfA 	 NfA 
Calibration ! 

1)-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: 

.. SCH LTC C12 HOC SR'l' 0.5 GUll: STP 18 Gall: 
PIC CMlt 1'2C CMlt BBL BEG" 

The previous example code sets up a standard 
calibration (SCM), using coax cable (LTC), I2-tsrm 
calibration (CI2). 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 (PIC PMK P2C CM1\). 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) 

• 	Go on to the Next Calibration Step (NCS) 
• Averaging On and Set to Value (AVG) 
• Averaging Off (AOF) 
• 	Set IF Bandwith to Normal (IFN) 

• 	Set IF Bandwith to Reduced (IFR) 
• 	Set IF Bandwith to Minimum (IFM) 

• Any Graph Type Specification or Scaling Change 
.• Active Channel Specification (CHI-CH4) 

5·6 	 360 OM 



V GPIB OPERA TlON-ADVANCED PROGRAMMING ADVANCED COMMAND CODES: DESCRIPTIONS 

The TCD and NCS codes control the data-taking 
process. AVG, AOF, IFN, IFR, and IFM codes control 
the data-enhancement used for a particular 
measurement (refer to Section lV, paragraph 4-4.8). 

In order to use the TeD and NCS codes, you must be 
aware of the exact calibration sequence the 360 uses 
for a given calibration. As an example, ifwe were to 
continue the 12-tenn 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 
prompting the user to connect new calibration stand­
ards to the test ports. This can be done by monitoring 
the status of the 360 or by requesting "dummy· data 
output from the 360 after executing the NCS 
mnemonic code. For example: 

260 OU~UT 106;h!CD Hes OUP­

210 BllTER 106: R$ I JUW) fPOIliTS _ 


STEP IS COMPLB!E 


The previous example code instructs the 360 to take 
calibration data (TeD), go to the next calibration step 
(NCS), and output the number of points it is measur­
ing (ONP). When the controller is able to read the 
points string from the 360, the calibration process is 
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 A12, AST, ARF, AFR, AFT, and ARL codes simu­
late the completion ofacalibration. When used in this 
manner, mnemonic codes associated with calibration 
coefficients (lC1 -IC9, ICA- ICC, OCl - OC9, OCA 
- OCC) are matched with the corresponding error 
terms. For additional information, refer to Table 5·6 
on page 5-12. 

NOTE 
The A12, AST, 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, Advancad 
Command Codes: Data Transfer). 

Table 5-2.Calibration Code Ordering 

Command Coda Required (R) 
Ordar or Optional (0)ExamplesItem 

lTC, llW, l'IV 01 Line Type 
SCM, OCM, lCM 02 Calibration Method 
C12, CST, CRF, CFR. CFT, CRl R3 Calibration Type 

NOC, DFC, TOC, CWC 04 Data Points 

5 Frequency 

SRT, STP 
 0Range 


Discrete 
 DFO,IFV,.FRS, FRI, FR?, Fil R 
CW 0CWF 

P1C, P2C, CMS. CFS, CMK, CFK, 0 
Short Values 
Connector Type IOffset6 

CMN, CFN, CMS, CFl. CNG, CND, 
COO, COS, cco, eel. CC2, CC3. 

, SH!,SH2 

07 i Load Type . SlD, BBl 

RBEGBegin Data Collection Steps 8 
I 
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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 N$ 

50 N$ JUST A "DUMMY" - WAIT FOR USER 

60 TAKE LOAD MEASUREMENT USING 100 AVERAGES 

70 OUTPUT 706;nAVG 100 XX! TeD 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 nHIT END LINE WHEN READY" 

120 INPUT N$ 

130 !TAKE OPEN/SHORT MEASUREMENT WITH 20 AVERAGES 

140 OUTPUT 706;"AVG 20 XX! Teo NCS" 

150 !3RD STEP - PORT 1: SHORT, PORT 2: OPEN 

160 DISP "CONNECT SHORT TO PORT 1" 

170 DISP "CONNECT OPEN TO PORT 2" 

180 DISP "HIT END LINE WHEN READY" 

190 INPUT N$ 

200 OUTPUT 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 !! ! 

Fipre 5-1_ A Program for Controlling the Calibration Data Collection 
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5-2.3 Advanced Command Codes: 
SavelReca11 

The double quote characters must enclose the stringThe SaveIRecall command codes (Table 5-3) allow for 
sent to the 360. The 360 accepts only MS-DOS com­saving and recalling (1) front panel setup data to and patible file name characters. Refer to paragraphfrom internal memory and (2) calibration and front 
5-5.5 Disk Functions for more details on file naming panel setup data to and from the disk. The syntax for 
conventions.entering a file name string to the 360 is the same as 

for the strings in the LMS, LID, LDT and LNM codes 
deseribed in Section IV, paragraph 4-4.12. 

Table 5-3. Advan<ed Command Code.: Save !Recall 

COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

S10 Store calibration data and front panel setup 10 
disk IUe_ 

String for lile name up 
to 8 characters long 

NlA 

RLD Recall calibration data and front panel setup 
lrom disk file 

String for lile name up 
to acharacters long 

NlA 

SV1-SV4 Save front panel setup to internal memory 
location 1-4 

NlA N/A 

RC1-RC4 Recall front panal satup data from intarnal 
memory location 1-4 

N/A NlA 

5-2.4 	 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 outputby the 360 
or expected on input must have the following form: 

--. 

Sjxxxi· lyyyyyyyyyyyyyyylEB 

Where: 


s '" sign, either blank or '-" 


'" 	= digits to the left. of the decimal (3) 

y 	 '" digits to the right of the decimal (15) 

II: '" exponential notation indicator 

s • exponent sign; either J +' or '_J 

Z 	 '" digits for exponent (2) 


_ '" decimal poin t 


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 each item by a line feed. Fbr 
example, the 360's response to the commands "FMl\. 

OCO" would be: 

Repeated Number ofPoints Times 

~al ASCII>,<lmaginary ASCII><LF!. 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 ofstring data, as in a front panel 
setup, is not user-controllable. Binary data is always 
sent in the standard block format illustrated in 
Fignre 5-2. 
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LSB Mode: 

Byte Count B C Byte ount ytes 

# A 
Least Most 

Significant Slgnflcant 
Byte Byte 

Binary Data 
Least Significant Byte 
First for All Elements 

EOI Coincidental With the Last Byte 

Standard Preamble Bytes 

MSB Mode: 

Byte Count Byte Count Bytes 

Most Least Binary Data 
# A Significant Slgnflcant Most Significant Byte 

Byte Byte Flrstfor All Elements 

EOI Coincidental With the Last B e 
Standard Preamble Bytes 

Figure 5-2_ Binary Data Transfer Message Fonnat 
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Table 5-4. Data Transfer Command Code. 

COMMAND 
CODE DESCRIPTION DATA FORMATS 

OM1-0M6 Output Marker 1 - 6 Value ASCII 
OAP Output Active Parameter Value ASCII 
OKP Oulpul Front Panel Key Pressed ASCII 
010 Output Identify String 40 byte ASCII String 
ONP Output Number of Points ASCII 
FMA Select ASCII Data Format N/A 
FMB Select 64-Bl1 IEEE 754 Floating Poinl Data Format N/A 
FMC Select 32-Bit IEEE 754 Floating Point Data Format NIA 

LSB Select Least SignHicant Byte First Data Transfer Mode NIA 

MSB Select Most Significant Byte First Data Transfer Mode NIA 

OC1-DC9 Output Calibration Coefficient 1 - 9 FMA. FMB. FMC 
DCA-DCC Output Calibration Coefficient A. B or C FMA. FMB. FMC 
OCl Output All 12-Term Calibration Coefficients Binary String 
ICI -IC9 Input Calibration Coefficient 1 - 9 FMA. FMB. FMC 
ICA-ICC Input Calibration Coefficient A. B. or C FMA. FMB. FMC 
ICL Input All 12.ferm Calibration Coellicienlll Binary String 
OFV Output Frequency Values FMA. FMB. FMC 
IFV Input List of Frequencies FMA. FMB. FMC 

051-054 Outpul Siored Setup 1 - 4 Binary String 

OFP Output Current Front Panel Setup Binary String 

IS1-IS4 Input Stored Setup 1 - 4 Binary String 

IFP Input Front Panel Setup Binary String 

OOR Output Disk Directory Binary String 
ORO Output Raw (Uncorrected) Data For S-Parameter on Active 

Channel 
FMA. FMB. FMC 

OCD Output Corrected Data for S-Parameler on Active Channel FMA. FMB. FMC 
OFD Output Final (display Format) Data For S-parameter on 

Active Channel 
FMA. FMB. FMC 

ICD Inpul Corrected Dala For S-Parameler on Active Channel FMA. FMB. FMC 

IFD Inpul Final (Display Formal) Data For S-Parameter on 
Active Channel 

FMA. FMB. FMC 
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Table 5-11. Output Values Versus Various GraphTypes 

Display Type Output Values 

Log Magnitude dB.Degrees 
Phase dB.Degrees 
Log Mag & Phase dB. Degrees 
Linear Magnitude Lin Mag(Rho or Tau).Degrees 
Li near Mag & Phase Lin Mag (Rho or Tau).Degrees 
Smith Chart Ohms,Ohms (r + jx) 
Inverted Smith Siemens.Siemens (g + jb) 
Group Delay Seconds.Degrees 
Log Polar dB. Degrees 
Linear Polar Lin Mag(Rho or Tau).Degrees 
Real Real,imag 
Imaginary Real.imag 
Real & Imaginary Real.imag 
SWR SWR. Degrees 

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 
is irrelevant. ASCII data is not dependent on the ac­
tive byte order. However, even ifthe 360 is using FMA 
format, some transfers (such as the OS1 - OS4 codes) 
still use the binary transfer format affected by the 
active byte ordering. 

Conversely, even ifyou 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. 

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). 

b. 	 OAP 
This code outputs the value of the active 
parameter as a single ASCII value. If there is no 
active parameter, a value of 0 is output. 

c. 	 OKP 
This code outputs a single ASCII value 
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 OlD string is shown in Figure 5-3. 

FIgure 5-3. OlD Response String 

e. 	 ONP 
This code outputs the current number of points 
being measured as a single ASCII value. 

r. 	 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 ofbytes 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. 

NumDer of Bytes 

4 9 9 6 6 6 
XXXI. xx.xx.x.x.x.x. xx..xx.x.xxx. SXllX.X Sxxx.x xxX.xx 

Model' Low High Low High Pw S.W. 
Froq. Froq. Pwr dBM Rev. 
GHZ GHZ dBM 
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h. OCI-OC9, OCA, OCB, OCC, lCI·IC9, lCA, i. OFY,IFV 
ICB, ICC, OCL, lCL The OFV code outputs the frequencies the 360 is 
These codes provide for calibration coefficient currently measuring. 
transfers. Table 5·6 shows the ordering of the 
calibration coefficients for various calibration 
types. The IFV code can be used to input an arbitrary 

For example, if you desire the ETF errOr term 
from an a·term calibration, you would use the 
OC4 or IC4 codes. 

list offrequencies into the 360 (2 ~number offre­
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

NOTE cies for a special application. In this usage, any 
existing calibration data is lost., 

Calibration coefficients are output or j. 081 - 084, OFP 
expected·on·input only for the current These mnemonic codes output a binary string of 
sweep frequencies. If data points are data from either one of the four stored setups 
not at maximum andlor the frequency (081 ­ 084) or from the current front panel setup 
range has been zoomed in with error (OFP). The size ofa front panel setup is 3 KBytes 
correction turned on, not all calibra· (3072 bytes). 
tion coefficients will be output or used 
on input. 

k. 181 -184, IFP 
These mnemonic codes are used to input a binary 
string ofdata as stored setup information 

If a request is made for an unavailable calibra­
tion coefficient array, the 360 treats it as an 
impossible request and ignores the command. 

(181- 184) or as front panel setup information 
(IFP). The data string must be exactly the length 
of the string output by the OFP or 081-084 
codes and is checked for validity before the opera· 
tion is performed. If either the number of bytss, 
or the contents of the string are invalid, a 
parameter out ofrange error is generated. 

Table 5-6 Calibration Coefficient Ordering 

Calibration TVDe 
Coa!· 
flelent 
# 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

~.. B 

C 
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12·term 
C12 

EOF 

ESF 

ERF 

EXF 

ELF 

ETF 

EOR 

ESR 

ERR 

EXR 

ELR 

ETR 

8-term 
CST 

EOF 

ESF 

ERF 

ETF 

-
· 

· 

· 
· 
· 
· 

-

Reflection 
Only 

I CRF 

EOF 

ESF 

ERF 

· 

-

-

· 
· 

· 

-

· 

Frequency 
Response 

CFR 

ERF 

ETF 

-
· 
· 

· 

-

TransmlS$lon 

Freq. Response 


CFT 


ETF 


· 

· 

-

-

· 

· 
- ! · 


·· 

· · 
--

Reflection 
Freq.Respcnse 

CRL 

ERF 

-

-

· 
· 
· 
· 
-
· 

· 

-
· 

None 

· 
-
-
· 

· 

· 

· 

-
· 

· 

· 


-
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For the IFP code, ifthe setup data isvalid the 360 
will change its setup based on the new front panel 
setup information. 

l. 	 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, lCD, IFD 
These codes transfer data for the s-parameter on 
the active channel. Only the current measure­
ment points will be output (ORD, 000, OFD) or 
expected on input (lOD, IFD). 

1. The ORD and oeD codes both output data for the s­
parameter on the active channel in (real,imaginary) 
pairs (real, imaginary). Similarly, ICD expects cor­
rected dam for the s-parameter on the active channel 
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 Thble 5-5). 
The IFD code expects the dam being input to match 
the graph type on the active channel in the same way. 

3. When s-parameter dam input to !he 360 is complete 
(lCD and IFD) the 360 redraws !he s-parameter on 
!he active channel using this data. To prevent the 
newly drawn data from being overwtitren by new 
measurement data the instrument should be in hold 
prior to inputting the data. 

5-2.5 	 Data Transfer Program Example and 
Program Notell 

a. 	 Data Tramfer Example 
Figure 5-4 provides an example program written in 
Microsoft C. It uses a number of data transfer codes 
as well as some codes from Section IV. The program 
is 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. 

• Take S21 transmission data. 

• Loop this data back into the 360 as error term ETF 
for a transmission frequency response calibration. 

• 	Tum on correction in the 360 and read in a full 
corrected sweep of data using this as the error 
term. 

• 	 Print the results on the computer screen. 
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.include ...tdio.h" 
'include ndecl.h" 
tnt pn&_'60, etf_byt•• ; 
unsigned char anallO]; 
l* .lrray for frequencies in 64-b1t £0%1\\ *1 
double .u~21: 
1* Array to hold the raw 921 data to be uaad a8 BTl' *1 
unsigned char et;~,r;J512*2*4]: 
1* Structure template to use for aanipul.atinq the block header *1 
struat atd_header 

emar preamb1_1; 
char preambl._.2; 

unaigned int maq_count; ) 4 
atruct atd_header hedr; .'* Struotur6 template for the (maq,phaH) data pairs for 921 -, 
atruot d&t&J&u 

I 
float dB; 
float daqre.a; 

) ; 

atruot data-pair .21[512]: 
....in!) 

{ 

tnt i~ num-pta; 
1* F~ the 360 on the bua, assuming ltZ 

••et for addre•• 6 *1 
pno_360 = 1hfind("DEV6"): 
ifCpna_360 0) 1* problem find±nq a device at addre•• 6 */ 

printf ("EIUtOR FINDING DEVICE '''); 
el•• 

I 
1bt~(pna_360.TIOO.): 1* .et tbe t~out at 100 ..conda *1 
f* re.et to default state, qo to high frequency reael. *' 
ibwrt(pna_360,"RST FHI n 7);t 

/* Request fl:equene1.es in fi4-bit f10atinq point format (:t.SB) */ 

ibwrt{pna_l60,nFMB LSB orvn~ll); 


/* Read in 1st 4 byte... header: P. <LSB> <MS»*/ 


1brd(pna_360~_hedr~preambl_l./4): 

1* ~~d in rest of data AI fraquenc1es */ 

1* Byte count in header tells u. how much to read */ 

1brd(pna_360.freqs.~edr.ms~count);' 

/* Input~ir.t 401. fk.q1lll~. JJl~~~-A~JL"~ 


1bwr~a_360."FMB LSD xrv".1.1); 

bedr.maq_count _ (401 * 8); /* each frequency 1. 8 byte. 1.onq *1 

1bwrt(pna_360••badr.preamh1_1~4): I'output l.t .. byte•• header*/ 

1* OUtput 401 point. of frequency information *1 

1bwrt(pna_l60.freqs,hedr.mag_count); 

1* 360 1. measuring at the inputted frequencies - sat up *1 

1* for 821 measurement ./ 

ihwrt(pna_360,nCHl. DSf 821 MPH FBI",19); 

printf("COmmCT 'l'ElROUGS LINE BETWEEN P~S. aIT BNTER WHICK READY\n"); 

scanf(H'lc".ana): 


Figure 5·4. A "C" Language Example Program for Data Transfer Using the 360 (1 of2) 
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* Get a full sweep of data and then input raw data *'* in 32-blt fcr.m into etf.bufr[] *' 

ibwrt(pna_360,ftTRS NPS FMC LSD ORD",li): 

,,,, bad entire atrlnq, INCLUDING HEADER. W1l1 texm1nat. on EOX *' 

ibrd (pna_360, etfbufr, 512*4*2); 

etf_byte. E 1bcnt: 1* aave 'byte. read into buffer *' 
'* Now .e have a full sweep of raw transmi••ion data. Thia""
'* can be used directly .a error coefficient B~F for a */
'* tranami••lon frequency raapona. calibration. */ 

ibwrt(Jm.a_360, "AFT Ji"hC LSD XCln,lS); 

1* "D!!II 1. used. to II fool II the 360 into thinking it haa *1 

,,,, dena a trans. frequency reapons. calibration 80 */ 

/* that cal. coefficient 1 a RTF. Sand 360 the ICl data. */ 

ibwrt(pna_360~etfbufr~etf_byt••); 

1* Th. 360 now haa a valid cal. coefficient array - turn *1 

/* correction on , gat a full error corrected sweep of data *1 

ihwrt (pna_l60, "CON WFS nc LSB Oi'D", 19); 

ibrd(pna_360.&hedr.preambl_l~4); I- re.d beader, than S21 data *1 

1* read in s21 data, let read te;nn1nat. on mI "I 

1brd(pna_360t'a21[Ol~dB, (512*4*2»); 

1* PrJ.nt out frequencie. and S21 corrected (dB t daqreea) data *1 

printf("CORRECTED S21 DATA:\nn); 

prJ.ntf(n\nn) ; 

prJ.ntf(- FREQUENCY MAGNITUDE PB.ASB\n U

); 


pr1.ntf (0 (Rz) (dRl Cdeqreea) \nn) : 

numyta .. (iDcnt I 8); 1* each point J.. (dR. deg) @ 4 byte_ each * / 

for(i-0; 1 num-pta; J.++) 


prJ.ntf(n'l3e: %13.6f %13.6f\nn, 
freq.[i], 821[J.).dB, 821[i].deqre••): 

return 

Figure 5-4. A "c" Language Example Program for Data Transfer Using the 360 (2 of 2) 

specifYing a maximum value for the transfer count b. Data Transfer Program Notes: 
and letting the transfer terminate when the 360 • This program uses a large time-out value (100 
sets the EOIline signaling the end of information. seconds). This prevents the controller from quit­


ting while the 360 is busy. For example, aftersend­
 • The program defines a structure for the 821 (mag,
ing "!r1Ul US FMC LSB ORD" ,enough time phase) data pairs output by the 360 for the OFD 
must be allocated to allow the 360 to complete a code. This allows for easy access to each frequency 
new sweep and format the data for output. point's two data values using array indexing. 

• A structure was defined (I!Itruct std header) • The AFl' code must be sent before the IC1 code so 
for manipulating the standard blockheader so that that the 360 can discern what calibration coeffi­
message byte counts are easily accessed. cient #1 corresponds to (ETF in this example). 

• All transfers use LSB mode to be compatible with 	 • It is good practice to preface a data transfer 
Ih.'TEL microprocessors. 	 mnemonic with a format and byte-order mnemonic 

(ie., "FMB LSB OFV'), although both the format • FMB is equivalent to "do1Jl:>le" in C, FMC is 
and the byte-order carry on to the next transfer. equivalent to "float". 

• A section of a string may be read (such as the• Before measurement data is read from the 360, the 
header) followed by the remainder of the string. controller sends a "us" mnemonic to ensure the 
However the entire data stream must be read before data is valid. 
any subsequent data will be available. 

• Reads can be terminated by (1) reading the header 

and then using the byte count value or (2) by 
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Table 6-7. Group Execute Trigger Command Code. 

COMMAND 
CODE DESCRIPnON VALUES 

DEF 

END 

Begin Definition of Group Execute Trigger 
Response 
End Definition of Group Execute Trigger 
Response 

NIA 

NJA 

5-2.6 	 Advanced Command Codes: 
Group Execute Trigger 

The 360 is extremely flexible in its implementation 
of group execute trigger (GET) functions. There are 
only two commands specifically designated for im· 
plementing group execute trigger functions (DEF and 
END). However, almost all command codes avail­
able on the 360-in any combination~an be set up 
as 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 a data input code. If a data input code is 
included, the 360 reads the data as additional com· 
mands. In this case, a syntax error would most like· 
ly occur. The entire string is pre-parsed and com· 
pacted. The maximum compacted string size i. 255 
characters. 

An example of the use of DEF and END is shown in 
the following sequence of codes: 

·OEIi' aT HOC SRT 1 GHZ STP 18 GHZ BEG TCD 
HCS Mill IIFS MXM MMN GHl END" 

If the preceding sequence ofcodes is sent to the 360, 
it is stored as the response to the group execute trig­
ger. The commands between the DEFand 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 
calibration from 1 to 18 GHz (eFT Noe SRT GHZ 
STP 18 GHZ BEG TeD NeS). 

• Tum on marker (MRl). 

• Wait for a full sweep ofdata (WFS). 

• Move marker 1 to the maximum value on the trace 
(MMX). 

• Output the maximum value (OM!). 

• Move marker 1 to the minimum value on the trace 
(MMN). 

• Output the minimum value (OMI). 

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 360, the 360 puts the 
trigger command code (GET) into the com­
mand buffer behind any precedinginstruc­
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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5-2.7 	 Advanced Command Codes: 
Disk Functions 

The Disk Function codes,listedin figure 5-8, are used 
for the following: 

• Reading files from the disk. 

• Writing files to the disk. 
• Deleting files. 
• Formatting a data-only disk. 
• Loading calibration kit information from the disk. 

All of the Disk Function codes, except the !NT and 
LKT codes, require a file name string. File name 
strings can be up to 8 characters long and must be 
enclosed by double quote characters (") when they are 
sent to the 360 (see the descriptions of the LMS, LDT, 
UD, and LNM codes in Section IV, Paragraph 4·4.12). 
Only file name characters accepted by MS-DOS are 
vaJid. Characters that are not acceptable as file 
names are: 

• All ASCII characters with a value lower than the 
value of the space character (32 decimal) . 

• .- Decimal Point 
• .. - Quotation Marks 

• I-Slash 
• \ -	 Backslash 
• [] -Brackets 

• :- Colon 
• I-Pipe 
• » - Greater Than 
• < - Less Than 
• + - Plus sign 
• • - Equal Sign 
• ; - Semicolon 
• .-Comma 

NOTE 

Spaces are accepted before characters and 
after characters but not between 
characters. 

.Table 5-8 Disk Functions Command Codes 

COMMAND 
CODE DESCRIPTION VALUES 

SDK Store Active Channel's Trace Memory to Disk File String Up to BCharacters Long lor File Name 

RCK Recall Active Channel's Trace Memory From String Up to 8 Characters Long for Rle Name 
Disk File 

STO Store Calibration Data and Front Panel Setup String Up to B Characters Long for File Name 
Information to Disk File 

RLD Recall Calibration Data and Front Panel Setup String Up to B Characters long for File Name 
Information From Disk File 

TOO Store Tabular Printout Data to ASCII Disk File String Up to B Characlers long for File Name 

RTB Recall Tabular Data File From Disk for Output to String Up to 8 Characters long for File Name 
Printer 

DEC Delete Calibration and Front Panel Setup File String Up to B Characters long for File Name 
From Disk 

OED Delete Tabular Printout Data File From Disk String Up to 8 Characters long for File Name 

DEN Delete Trace Memory File From Disk String Up to 8 Characters Long for Rle Name 

INT In~ialize (Format) Disk in Drive as a Data·Only N/A 
Disk 

LKT Load Calibration KH Information From Disk NlA 
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,............ .. 

:CAUTlON:Examples ofthe disk function command codes useage l ............J 

are shown in Figure 5-5. 

The INT code immediately formats the disk in the 
360's drive. Any data on the disk will be destroyed. 
Use this mnemonic carefully. 

I EXAMPLIII 1 - SAVE CAL AND !?!tORT 

I PANEL SETUP TO DISK 
Q$ • Clm$ (34) I DOUBLIII QUOTB SnIBOLJ") 
C$ • "12_!l'li:.NICtt 'J1ILE NAH& BOIl CAl. DA'l'A 
t STORE ~ DISK FILE "12_TERM.CALn 
OUTPUT 106;"S'l'on'Q$'C$'Q$ 
I EXAMPLIII 2 - lI.II.iiir'.i!ABOL.1\:R DATA 
I '1'0 DISK 1'I:I.iB 

Q$ - CHR$ (34) I DOOBLIII QDOTB SnIBOL (ft) 
'7$ - IIS21_ll'HRU" t I'IliE NAMi FOR TAB DATA 
! S~RE TO DISK I'ILa "S21_THRu.DA'l'n 

OUTPUT 706:"TDD"'Q$.T$.Q$ 
I EXAMPLIII 3 - SAVE TRACII MBMOIlY 
! TO DISK, RECALL IT ON It. DLFFERBN'l' 
! CB.A:NltEL AND I1'BEH DELB'l'E i'ILll 
OUTPUT 706;"CHl D13 811 CH3 S21 FBI MF.· 
OU'fPtrl' 106; "Cal $'1'0" , S'l'ORE flU.CE ro NmfORY 

Q$ - CHR$(34) ! DOUBLE QUOTB SnIBOL(ft) 
N$ - "Sll'r'RACE." ! FILE llAHB FOR 'lRACB ~A 

! STOllE TO DISK FILIII "SllTRACII.liRN" 


O~P~ 706:·.DK"'Q$.N$'Q$ 

! REC.ALI.. SAN'R DATA ON CHANlmL 3 


OUTPUT 706;"CH3 RCK"'Q$.N$.Q$ 

! DBI.J&'lB TD '.mAC.B lIIEMOi\Y FILE 

OUTPUT 706:"DEN"'Q$.N$.Q$ 

Figure 5-5. Disk Functions Command Code. Example 
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5-2.8 	 Advanced Command Codes: 
Status ByteslSRQ 

'rile status ofthe 360 is defined by primary and secon­
dary status bytes. These bytes have the following bit 
representations: 

Primary Status Byte: 

Jiit II 

7 
Self 
Test 
~'ail 

6 

SRQ 

5 4 I 3 
2nd Action lOut 
Byte Not 'of 
Has Po..ibl~ Rang 
Statu 

I, 

2 1 0 
Syntax Sweep Cal 
Error Complete Sweep 

: in Hold Complel< 

Explanation of Bit Conditions: 

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. 

c. 	 Syntatl& Error 
This bit updates when a syntax error occurs 

d. 	 Parameter Out OfRange 
This bit updates when data values are out ofthe 
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. 

t. 	 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 ifa self test fails. 

Secondary Status Byte: 

Hit It 

7 6 5 4 3 2 1 0 
Powe Key Hard- Disk 
On Pre_ X' X X ware X Error 

Error 

• X 	denotes not used. 

Secondary Status: 

a. 	 Disk Error 
This bit updates when a disk error occurs. 

b. 	Hardware Error 
This bit updates when there is a problem with the 
system hardware. 

c. 	 Key Press'ed 
This bit updates when a key on the front panel is -­
pressed. 

d. 	 PowerOn 
This bit updates when the system is first powered 
on. 

Table 5-9 Lists the status byte command codes. These 
codes are used to: 
• Output the status ofthe 360. 
• Input service request enable masks. 
• Clear the 360's 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 
(SRQ). This also implies that the primary status byte 
- the byte is accessed using the OPB code- and the 
serial poll response byte will not necessarily be equal. 
Any true bits for conditions not enabled will show up 
in the serial poll response byte. 
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V GPIB OPERATION - ADVANCED PROGRAMMING ADVANCED COMMAND CODES: DESCRIPTIONS 


Table 5·9.Status Byte Command Codes 

COMMAND 
CODE DESCRIPTION VALUES 

OPB Output Primary Status Byte One Binary Byte 

OEB Output Extended (Secondary) Status Byte One Binary Byte 

IPM Input Prhnary Status Mask One Binary Byte 

IEM Input Extended (Secondary) Status Mask One Binary Byte 

sao Disable Service Requests NlA 

SQl Enable any Unmasked Service Requests NlA 

CSB Clear Primary and Secondary Slatus Bytes NlA 

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. 

f SET tIP SB.R.V:tCE RSQUES'l' SUBROU'l':r.tl& lU)OR,&SS 

ON nlTl\ '1 GOSUB ~ooo 

, llHAl1U.i& SRQ: CONDI.TION AS .All IN'l'BRROP'l' 

ElIAlIlJi: Xlm\ 7; a 
IW«>TB 706 

ENULB SRQ. SYN'l'AX, PARAH, 

OUT OF RANGE AND ACTION 
NOT POSSIBI.E: aRRaH .. BITS 

t 2,3,4 , 6 

! MASK = 4+8+16+64 - '2 
OUTPUT 706 USING; "I,AAA,B";"IPW',92 
1000 r SRQ SERv:tCE ROUTINE 

1010 STA~S 7,1;A , READ niTERRUP'l CADSB :RBQ:tSTElt 

~020 asspoLL(706) ! POLL TBB 360 

lola IF SXT(a,2) 1 THEN GOTO 1050 
1040 DISP "SYNTAX ~ORH 

1050 IF SXT(S.]) 1 THEN GOTO ~070 
1060 DISP npARAMB.IfD 00'1' OF RANia" 

1070 IF DITtR,.) 1 THEN GOTO 1090 
1080 DISP "ACTION NOT POSSIBLE" 
lOgO ! READ THE PRIMARY STATUS BYTE 
11DO OUTPUT 7D6;"OPB" 

1110 BNtER 706 USING "',Bu;B 
1120 DISP "PRIMARY S~ATUS = nIB 

1130 ! RB-ElWILE INTEIUlOPT JUII) RETUlUI' 

1140 ElWILI! INTa 7;8 @ RETUlUI' 

Figure 5-6. An Example ofStatus-By!e-Enahle-Mask Setup and Service Request Handliug 
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ADVANCED COMIfllAND CODES: DESCRIPTIONS V GPIB OPERATION - ADVANCED PROGRAMMING 

1)·2.9 Advanced Command Codes: • SpecifY the Domain ofa Channel. 
Time Domain • Set Up Operating Modes and parameters for the 

Selected Processing Type ofthe Channel.The time domain command codes are available only 
with the 2360·2 Time Domain Software option. The 
time domain codes (Table 5-10) are used to: 

Table 5-10 Time Domain Command Codes (1 of2). 
COMMAND 
CODE DESCRIPTION VALUES TERMINATORS 

FaD Select Fraquency Domain tor Active Channel NIA NJA 

TBP Select Bandpass Mode With Time Readouts for N/A NJA 
active Channel 

DBP Select Bandpass Mode With Distance Readouts NIA N/A 
for Active Channel 

TPI Select Phasor Impulse Mode With lime NIA N/A 
Readouts for Active Channel 

DPI Select Phesor Impulse Mode With Dislance NIA NIA 
Readouts for Active Chennel 

TLP Select Lowpass Mode With lime Readouts for NIA NIA 
Active Channel 

DLP Select Lowpass Mode With Distance Readouts NIA NJA 
for Active Channel 

FGT Select Frequency With lime Gate Mode NIA NIA 

LPI Select Lowpass Impulse Response for Active NIA NIA 
Channel 

LPS Select Lowpass Step Response for Active NIA NJA 
Channel 

GON Turn Gale On on Active Channel NIA NJA 

GOF Turn Gate Off on Active Channel NIA NJA 

GDS Display Gate Symbols on Active Channel With N/A NJA 
Gate Off 

ZST Set Slart of lime Domain Zoom Range for All 
Channels in TIme DOmain 

lime Mode: -999.99910 999.999 us PSC. NSC, USC 
Distance Mode: -999.99910999.999 m MMT, CMT, MTR 

ZSP Set Stop of Time Domain Zoom Range for All 
Channels in lime Domain 

Time Mode: -999.999 to 999.999 us PSC, NSC, USC 
Distance Mode: -999.999 to 999.999 m MMT, CMT, MTR 

ZCT Set Cenler of Time Domain Zoom Range for All I 
Channels in lime Domain 

Time Mode: -999.999 to 999.999 us PSC,NSC, USC 
Dislance Mode: ·999.999 to 999.999 m MMT, CMT, MTR 

ZSN Sel Span of Time Domain Zoom Range for All 
Channels in Time Domain 

Time Mode: o to 999.999 us PSC, NSC, USC 
Dislance Mode: o to 999.999 m MMT, GMT. MTR 
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V GPIB OPERATION -ADVANCED PROGRAMMING ADVANCED COMMAND CODES: DESCRIPTIONS 

Table 5-10, Time Domain Command Codes (20(2) 

COMMAND 
CODE DESCRIPTION TERMINATORSVALUES 

GST Set Gate Start Value for All Channels in Time 

Domain 


Time Mode: 
 -999.999 to 999.999 us PSC,NSC,USC 
Distance Mode: -999.999 to 999.999 m MMT,CMT,MTR 

GSP Set Gate Stop Value for all Channels in Time 

Domain 


Time Mode: 
 -999.999 to 999.999 us PSC,NSC,USC 
Distance Mode: -999.999 to 999.999 m MMT,CMT,MTR 

GCT Set Gale Center Value for All Channels in Time 

Domain 


Time Mode: 
 0.0000 to 999.999 uS PSC,NSC,USC 
Distance Mode: 0.0000 to 999.999 m MMT,CMT,MTR 

GSN Set Gate Span Value for all Channels in Time 

Domain 


Time Mode: 
 0.0000 to 999.999 us PSC,NSC,USC 
Distance Mode: 0.0000 to 999.999 m MMT,CMT,MTR 

GRT Select Rectangular Gate Shape for all Time N/A N/A 

Domain Channels 


GNM 
 Select Nominal Gale Shape lor all Time Domain N/A NlA 

Channels 


GLS 
 N/ASelect Low Sidelobe Gate Shape for all Time NlA 
Domain Channels 

GMS Select Minumum Sidelobe Gate Shape for all N/A N/A 

Time Domain Channels 


WRT 
 N/ASeisci Rectangular Window Shape for all Time N/A 
Domain Channels 

WNM Seisci Nominal Window Shape for all Time N/A NlA 
Domain Channels 

WLS Selsct Low Sidelobe Window Shape for all Time N/A NIA 
Domain Channels 

WMS Select Minumum Sidelobe Window Shape for all NlA N/A 
Time Domain Channels 

MRR Restore Original Range After a Marker Zoom N/A NIA 
Operation 

DCA Selscl Auto d:c. term for Low Pass NlA N/A 
DCZ N/ASelect Line Impedance d.c. term for Low Pass NlA 
DCO Select Open d.c. Term for Low Pass NIA NIA 
DCS Saisci Short d.c. Term for Low Pass N/A NIA 

DCV' Sect Low Pass d.c Term 10 Value -l00MlltolOOOMll XXI, XX3, XM3 

* Certain time domain codes can only be used with particular processing types or instrument states, For ex­
ample "DCV 25:lOU" 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). 
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Alphabetlcallndsx 1·D 

~~ 

Alphabetical Index 

enhancement, 4-22 
1,3 C 
group execute trigger (GET), 


I-path, 2-port, 3-23, 3-125 
 cabinet 5-17 

10 MHz reference, 3-113 
 assembly, 2-12 thru 2-13 
 hard copy, 4-27 thru 4-29 

12-term, 3-125 
 attaching parts, 2-11 
 limits, 4-26 

12-term calibration, 3-11, 3-23 
 preparation for use, 2-10 
 markers, 4-24 thru 4-25 

12-term errOr correction, 3-9 
 thru 2·13 measurement control, 4-17 

36OC1, 360C2, 1-7 
 CAD system, 3-153 
 miscellaneous, 4-29 

360SS45,3608S69 
 calibration, 3-137 
 ordering, 5-7 


See also signal sources 
 12-term, 3-11 
 reference delay, 4-22 

See measurement calibration 
 save/recall, 5-9 


calibration keys, 3-23 
 status byte (SRQ), 5-21 

calibration kit, 3-130, 3-137 
 status request (SRQ), 5-20 
A 

loading data, 3-l1 time domain, 5-22 thru 5-23 

accuracy 
 calibration kits, 1-3 
 trace memory, 4-23 


See measurement accuracy 
 description, 1-5 
 command codes, GPIB, 4-3 

active channel, 3-22, 3-48, 3-90 
 manual,l-4 complex conjugate, 3-8 


thru 3-96, 3-106 
 compression level, 3-143 

active device measurements, 


See also verification kits 
calibration menus, 3-23, 3-26 
 connecter 


3-151 thru 3-153 
 thru 3-38 
 pinout diagrams, 3-115 thru 

active device test S9t(S), 3-137, 
 3-121 


3-146, 3-151 

calibration sequence, 3-ll thru 

3-12, 3-23, 3-128 
 GPC-7,3-32 

active marker(s}, 3-22, 3-83, 
 K, 3-32 


3-105 

calibration standards 

open, 3-123 
 SMA, 3-32 

active parameter, 3-16, 3-20 
 Type N, 3-32 

adapter(s), 1-5 


short, 3-123 

Zo, 3-123 
 connecters 


air line, 1-7, 3-126 
 calibration types, 3-124 
 See also G PC-7 

aliasing, 3-161 
 Centronics intefaee, 1-7 
 See also K Connector 

analyzer 
 Centronics interface, 3-17 
 rear panel, 3-111 thru 3·121 

See also network analyzer changing the line voltage, 2-14 
 SMA, 3·123, 3-126 

ASCII-encoded text, 3-17 
 channel concept, 3-16, 3-101 
 SMAl3.5 mm, 1-5 

attenuator, 1·7 
 channel keys, 3-22, 3-46 
 See also SMAl3.5mm 

auto reversing, 3-4 
 console, 1-7 

autescale, 1.10, 3-20, 3-47 


channel menus, 3-46 

assembly, 2-6, 2-7 thru 2-9 


averaging, 3·15, 3-55 thru 3·56, 

coefficients, 3-125 

collet extracter teol, 1-5 
 attaching parts, 2·5 

3-129, 3·145 color moniter, 3-4 
 preparation for use, 2-3 thru 

averaging/smoothing, 3-139 
 2-9 


advanced, 5-3 thru 5-6 

command codes 

coupling-faeter loss, 3·9 
alphabetical listing, 4-7 thru 
4·15B 

calibration setu p, 5·6 D
backup (diskette), 3-11 
 channel control, 4-16 

bandpass impulse response, 
 data averaging, 3-15 


3-155 

classes, 4-6 thru 4-7 


data diskette, 3-128 

Beatty standard, 1-6 thru 1-7, 


data entry, 4-16 

data displays, 3-101 thru 3-110 


3-126 

data transfer, 5-9, 5-11 thru 

5-13 
 data plotting, 3-57 


broadband load(s}, 3-33, 3-125 
 data transfer, sample data storage, 3-16 

broadband terminations, 3-11, 
 program, 5.14 thru 5-16 
 data tranfer msg format, 5·10 


3-125 
 disk functions, 5-18 
 dedicated system bus 

disk functions, example, 5-19 
 See also GPIB 

display, 4-18 thru 4-21 
 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 menus, 3-74 thru 3-78 

disk output, 3-107 

disk storage interface, 3-73 

diskette 


backing up, 3-11 

display, 34 

display capability 


specification, 1-10 

display keys, 3-20, 347 

display menus, 3-48 thru 3-54 

dot-matrix printer, 1-7 

dynamic range, 34 


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 match, 3-9 

reflection frequency 

response, 3-9 


source match, 3-9 

transmission frequency 

response, 3-9 


F 

fatal errors, 3-97 

flowgraphs, 3-124 

Fourier transform, 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 purpose menus, 3-79 


thru 3-81 

Cktting Started, 3-11 

GPC-7 connector, 1-5, 3-126, 


3-32 

GPIB, 3-113 thru 3-114 


address, 3-114 

cable length restrictions, 

2-15 


command code classes, 4-6 

thru 4-7 


command codes, 4-3 

command codes 

classifications, 4-5 

description, 4-4 

advanced, 5-3 thru 5-6 

alphabetical listing, 4-7 

thru 4·15 


data bus description, 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, 3·101 

accuracy, 1-10 

applications, 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 

harmonic sampling (mixing), 


34 

human interface, 3-16 


I 

id number 

See serial number 
IEEE-Bus 

See also GPIB 
IF (intermediate frequency), 

3-4 thru 3·5 

IF bandwidth, 3-129, 3-139 

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 

parallel printer, 3-17 

test set control, 3·18 


interface video, 3-18 

international representative 


list, 2·1 

isolation, 3·9 
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J 

j 

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 

markersllimits, 3·82 

measurement, 3·41 

output, 3·57 

system state, 3·64 


leakage path s, 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, 3·155 

M 
magnitude and phase, 3-4 

marker 


active, 3·83 
marker menus, 3·83 thru 3·86 
marker, sweep indicator, 3·105 
markersllimits keys, 3·22, 3·82 
measurement 

group delay, 3·148 thru 3·150 
accuracY specification, 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 device, 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 thm 

3·161 

transmission and reflection, 
3·137 thm 3·142 

wide-dynamic· range devices, 
3·147 

with the network analyzer, 
3·7 

menu 
save/recall, 3-40 


menus 

calibration, 3·26 thm 3·38 

channel, 3-46 

disk, 3·74 thru 3-78 

display, 3·48 thru 3·54 

enhancement, 3-55 thru 3-56 

general purpose, 3-79 thru 

3-81 


limits, 3-87 thm 3-96 

markers, 3-83 thru 3·86 

measurement, 3-42 thm 3-45 

output, 3·58 thru 3·63 

save/recall, 3·39 

system state, 3-66 thm 3-72 

time domain, 3·162 thm 

3-171 


messages 

definition, 3·97 

error and status, 3-97 thm 

3·100 

status, 3-105 

messages, display of, 3.16 

metrology lab 


See NBS 

microwave load, 3-130 


N 

NBS. 1-6 thm 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 3-4 

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 


o 
open(s), 1-5, 3·125, 3-137, 


3-141, 3-152 

output 


plotter, 3·107 

printer, 3-107 


output keys, 3-21, 3-57 

output menus, 3-58 thm 3-63 


p 

performance specification 

measurement ru:curacy, 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 

source 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 thm 3-121 

plotter output, 3-107 

plotting, 3-57 

polar display 


description, 3-8 

precision component kits 


calibration kits, 1-3 

printer, 3-113 


Centronics 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 


programming tips, 4-5 


R 
r 

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, 3-95 thru 3-96 

rear panel connectors, 3-111 


thm 3-121 

recommended test equipment, 


1-13 

rectilinear-magnitude format, 


3-102 

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, 3-86 

reference plane, 3-140 


Index 4 


reflection frequency response, 
3-9 


reflection only, 3-23, 3--125 

reflection, forward (reverse), 3-7 

related manuals, 1-3 thm 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,l-4 


signal sources 

3608S45, 3608S69, 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 thm 3-136 

sliding termination(s) 


See also sliding load(s) 

SMA connector, 3-32, 3-123, 

3-126, 3-130 

Smith chart, 3-4, 3-8, 3-101, 


3-140 

smoothing, 3-12, 3-15, 3-55 


thru 3-56, 3-129 

software 


ANACKf,l-7 

time domain, 1-7 


software user's gnide 

manual, 1-4 


source control 
specification, 1-9 


source match, 3-124 

source test port match, 3-9 

specifications 


See performance 
specifications 


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 


3-72 


T 
tabular printout, 3-107 

terminations, 1-5 

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,l-4 

specification, 1-8 


test sete 

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 
menWl, 1-162 thru 1·171 

traceable to NBS, 1-3 
tracking, 3-124 
transmission and reflection 

measurements, 3-137 thru 
3-142 

transmission frequency 
response, 3·9 

transmission measurements, 
3-13 

transmission, forward (reverse), 
3·7 

transmitted energy, 3·140 
tutorial, 3·128 
'I'ype.N connector, 3·32 

-


u 

uncertainty, 3-13, 3-144 

v 
vector error correction, 3-4, 3·9, 

3-15,3-124 
verification kit, 1-7 
verification kits, 3·126 thru 

3·127 

calibration kits, 1-3 

manual,l-4 


video IF bandwidth, 3·129 
video interface, 3-18 

w 

windowing, 3-158 

x 
x 

See also imaginary (reactive) 
term 

z 
Zo load, 3-152 
Zo reference, 3·126, 3-130 
Zo termination, 3-125 
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