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WARRANTY |

All products are warranted against defects in materials and workmanship |
for one year from the date of shipment except sweep generator oscillators,
which have a two-year warranty period. Our obligation covers repairing or
replacing products which prove to be defective during the warranty period
and which shall be returned with transportation charges prepaid to WILTRON.
Obligation is limited to the original purchaser. We are not liable for

consequential damages.

6-58-60/62-64/67/87/97-OMM




MANUAL CHANGES
SWR AUTOTESTERS AND BRIDGES INSTRUCTION MANUAL

Change #1
Model Serial Numbers Affected
58A50 All
87 Series All

A. On page 1-6, make the following changes to Table 1-3, SWR Bridges Specifications:

Series 87 SWR Bridge - ""Accuracy'' column

FROM TO
2to 3 GHz: 0.18 £ 0.31p2 2 to 3 GHz: 0.018 + 0. 31‘,2
3to 4 GHz:  0.18  0.20° 3to 4 GHz: 0.018 % 0. 252
4to 18 GHz: 0.18 + 0. 12 4to 18 GHz: 0.018 + 0.12¢2

Series 58A50 Comparison SWR Bridge - ''Accuracy' column

FROM TO

2to 3 GHz:  0.18 % 0. 3252 2 to 3 GHz: 0,018 + 0. 327

3to 4 GHz: 0.18 % 0. 2g2 3to 4 GHz:  0.018 + 0. 2>

4t0o 18 GHz: 0.18 + 0.11p 4to 18 GHz: 0.018 % 0. 115
22 May 1980
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SECTION |
GENERAL INFORMATION

11 INTRODUCTION

This manual describes the WILTRON
Series 59, 63, 67, and 97 SWR Auto--
testers and the Series 58, 60, 62, 64,
and 87 SWR Bridges. The manual is
organized as follows:

SECTION I, GENERAL DESCRIPTION,
contains a general description of SWR
Autotesters and bridges, definitions of
key microwaveterms, and specifications.

SECTION II, MICROWAVE MEASURE-
MENTS, provides information and pro-
cedures for making transmission and
return loss measurements,

SECTION III, RETURN LOSS MEASURE -
MENT ACCURACY, contains discussions
on factors affecting return loss measure-
ment accuracy such as directivity, test
port match, and the error-producing
effects of adapters. An error-compen-
sating technique using the average re-
flection from an open and short to estab-
lish a return loss calibration reference
is also discussed.

SECTION 1V, MICROWAVE MEASURE-
MENT CHART, contains a description
and exampleg of how the WILTRON Mi-
crowave Measurement Chart may be
used.

SECTION V, THEORY OF OPERATION,
contains a brief theory of operation for

SWR Autotesters and bridges.

SECTION VI, PERFORMANCE CHECKS
AND MAINTENANCE, containg informa-
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tion regarding performance verification
and routine maintenance of SWR Auto-
testers and bridges.

The APPENDIX contains a listing,
including general description and speci-
fications, of the WILTRON line of
precision microwave measurement
instruments.

1-2. GENERAL DESCRIPTION

The SWR Autotesters and bridges described
in this manual are broadband microwave
measurement instruments. They are used
with other test instruments for making
fixed- and swept-frequency return loss
{SWR) measurements over a wide range of
radio frequencies. Return loss measure-
ments are made to check the performance
of systems, subsystems, and microwave
components such as amplifiers, directional
couplers, attenuators, filters, splitters,
and terminations. The WILTRON SWR
Autotesters and bridges offer significant
advantages over other microwave measure-
ment devices such ag slotted lines and dual-
directional couplers., Advantages include
using an unmodulated microwave source and
providing a greater degree of accuracy over
a broader frequency range for both direct
and comparison-type measurements.

The WILTRON SWR Autotesters and bridges
are precision-balanced Wheatstone bridges.
Except for the two four-port comparison-
type instruments (Model 58450 and Model
58A50) that use an offset termination in the
reference arm, every model has an internal
precision reference termination included in
one arm of its bridge. The only difference




between the SWR Autotester and the SWR
bridge is that the SWR Autotester contains
a2 built-in RF detector. However, because
the SWR bridge does not contain a built-in
detector, it offers a greater degree of
flexibility in low-1level signal measurements
where additional RF amplification is re-
quired. Also, the undetected RF output of
the bridge can be applied directly to the
detectors of a network analyzer or other
RF signal-processing equipment where
phase information is needed.

1-3. RF REFLECTION MEASUREMENT
TERMS

Radio frequency reflection measurement
terms such as return loss, SWR, reflec-
tion coefficient, and percentage of reflec-
ted power are all related. All of these
terms are used, often interchangeably, to
describe the relationship between incident
and reflected RF energy. Throughout this
manual, with one exception, the term ''re-
turn loss'' will be used in describing the
reflected signal measurements. The term
"SWR' will be used to describe the grati=
cule overlays, as these are calibrated for
SWR.

1-4. EXPLANATION OF TERMS ANb
SPECIFICATIONS

The following paragraphs provide defini-
tions of key microwave terms, an explana-
tion of SWR Autotester and bridge specifi-:
cations, and a statement of the detector
response law.
1-41 Definitions of Key Microwave Terms
a. Balanced Line. A line or circuit utili-
zing two identical conductors, each
having the same electromagnetic char-
acteristics with respect to other con-
ductors and ground.

b. Balun. A device whichprovides coupling
and matching between a balanced line and
and an unbalanced (i.e., coaxial) line.

1-2

g. Microwaves.

c. Characteristic Impedance. The charac-
teristic impedance of a uniform trans-
mission line is the ratio of the applied
voltage to the resultant current at the
point where the voltage is applied, when
the line is of infinite length. Character-
istic impedance is commonly used to
denote the impedance that may be
connected to a transmission line or
microwave device to provide an imped-
ance-matched termination, 1i.e., 2
termination which will not reflect power,
thus simulating a line of infinite length.

d. Directivity. Directivity is defined as the
ratio between: (1) output power when the
test port signal is fully reflected, and
(2) output power when the test port is
perfectly terminated. This ratio is ex-
pressed in dB and is derived from the
formula:

Directivity _

Py
(dB) 10 log,, P

where P

1 is the output power

when the test port
signal is fully
reflected

P_ is the output power
when the test port
is perfectly termi-
nated.

e. Incident Power or Signal. Power flowing
from the signal source to a load or de-
vice under test.

f£. Insertion Loss or Gain. The loss or gain
produced by adding (inserting) a device
into a signal transmission path. Nor-
mally equivalent to the transmission loss
or gain of the device measured between
its input and output terminals.

A term applied to radio
waves in the frequency range 1000 mega-
hertz and upwards. Generally defines
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operation in the range where circuit
resistances, capacitances, and induct-
ances are composed of distributed
rather than lumped constants.

Phasor. An entity which includes mag-
nitude and direction in a reference plane.

. Precision Connecior. A coaxial con-

nector designed to mate with another
connector in such a way that electrical
discontinuities in the transmission line
are eliminated or minimized. These
conmectors are intended to combine the
inherent advantages of coaxial devices
(broadband performance, mechanical
flexibility, low cost) with the electrical
efficiencies (minimum contact resistance
and VSWR) previously available only
with waveguide.

. Reflected Power or Signal. Power re-

flected from the load or device back to
the signal source because of an imped-
ance mismaitch at the load or device

input.

Reflection Coefficient., The vector ratio

of the reflected voltage to the incident
voltage. If the point of reflection is a
pure resistance, reflection coefficient
is the numerical ratio of the reflected
voltage to the incident voltage. The ab-
solute value of this term is symbolized
by the Greek letter Rho (o).

Reflectometer. A microwave system

arranged to measure the incident and
reflected voltages and to indicate their
ratio.

. Return Loss. The ratio of reflected to

incident power expressed in dB. It is
defined as -20 “ioglop , where p is the

absolute value of the reflection coeffi-
cient.

Scalar. A quantity that has magnitude

(voltage, dB), but not direction (phase).

See definition of phasor.

6-58-60/62-64/67/87/97-OMM

0, Source Match., The dynamic return

loss of a sweep generator output port.
The source match indicates how well the
RF leveling system maintains the output
characteristic of the sweep generator
under varying load conditions. A poor
source match connected to a relatively
poor load will generate a standing wave.
This standing wave indicates that the
power delivered to the load is dependent
upon phase and distance,

p. Standing-Wave Ratio {SWR). The scalar
amplitude of VSWR.

q. Test Port Match, The mismatch at the
test port that is a summation of all the
impedance discontinuities as seen by the
load, looking back toward the source.

r. Unbalanced Line. A line or circuit that
is asymmeirical with respect to ground
and/or other conductors and that usually
has ground serving as one of the circuit
conductors {such as a coaxial line).

s. Voltage Standing Wave Ratio (VSWR).
A phasor quantity that is the measured
ratio of the field strength of a voltage
maximum to that of an adjacent minimum
within a stationary wave system, e.g.,
waveguide or coaxial cable. The VSWR
of a line is equal to the ratio of the char-
acteristic impedance of the line to the
impedance of the load connected to the
output end of the line,

1-4.2 Explanation of SWR Autotestier and
Bridge Specifications

The key terms used to specify characteris-
tics of the SWR Autotesters and bridges
ligted in Tables 1-2 and 1-3 are explained
below., This listing is arranged alphabet-
ically.

a. Accuracy. This term defines the accu-
racy with which an SWR Autotester or
bridge can make a reflected signal meag-
urement. An example of an accuracy

1-3




expression is as follows: 0.01 + 0. 06p2.
The first part of this term, 0.01, repre-
sents the directivity limit of the device
as expressed in a reflection coefficient
value (refer to the RF Measurement
Chart, Table 4-1). The second part of
the term, 0. 06p 2, represents the de-
preciation in accuracy due to test port
mismatch (impedance discontinuity).
The test port mismatch term is a two-
part expression. The numerals 0.06
represent the inherent test port mis-
match expressed in a reflection coeffi-
cient value; the symbol g is the
reflection coefficient of the device under
test (DUT), and the whole expression
0.06 x p represents the error caused
by the reflected signal being re-reflected
by the test port mismatch (refer to par-
agraph 3-2.2).

b. Detected Output Connector (SWR Auto-
tester only). The type of connector
installed on the DETECTED SWR OUT-
PUT port.

c. Detector Output Polarity (SWR Auto-
tester only). The polarity of the detect-
ed output.

d. Directivity. A figure of merit expressed
in dB. This figure represents the ratio
of the power levels as seen at the output
port under the following two conditions:

(1) when the test portsignal is fully reflect-
ed, and (2) whenthe test portis perfectly
terminated (refer to paragraph 3-2.1).

e. Frequency Sensitivity. The maximum
variation in output power/voltage that

Table 1-1.

can be expected due to a change in fre-
quency over the specified range when
the input power is held constant.
f. Input Impedance. The input impedance
of the device.

g. Insertion Loss. This is the loss from
the RF INPUT port to the DEVICE
UNDER TEST port.

h. Maximum Power Input. This is the
maximum power, in watts, that can be
safely applied to the device.

i. Output Time Constant. The amount of
time required for the selected output
pulse to either rise from the 10% to the
90% point or fall from the 90% to the
10% point on the waveform.

1-4.3 Detector Response Law

Detector response law refers to the response
of a detector at different radio frequency
input power levels. The detector response
laws are given in Table 1-1 below.

1-5. SWR AUTOTESTERS,
SPECIFICATIONS

Specifications for the SWR Autotester
Series 59, 63, 67 and 97 are given in
Table 1-2.

1-6. SWR BRIDGES, SPECIFICATIONS

Specifications for the SWR Bridge Series
58, 60, 62, 64 and 87 are given in Table 1-3.

Detector Response Law

RF Power Input Is:

IF THEN
Response Is:

AND
1/2 Voltage Change Is:

below -18 dBm
0 to -18 dBm
0 to +20 dBm

square law
in transition

linear

3 dB power change
continuous transition

6 dB power change

1-4
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Table 1-2. SWR Autotesters, Specifications

y@ INPUT TEST PORT
MODEL FREQUENCY DIR. ACCURAC z CONNECTOR PHYSICAL
RANGE (dB) {chms) TYPE
SERIES 83 SWR AUTOTESTERS
Dimensions:
63N50 Type N Male 6.7 x 5.1 x 2.54 cm
63NF50 @ 2 Type N Female (25/8 x 2 x 1 inches}
10 to 4000 MHz 40 0.01 £0.06p 50 excluding connectors
63A50 GPC-7
Weight:
340 grams (12 ounces)
SERIES 67 SWR AUTOTESTERS
67TN50 50 Type N Male
S7NF50 50 Type N Female Dimensions:
67RB50 50 BNC Male 6.7 x 5.1 x 2,54 cm
§7BF50 5 50 BNC Female (25/8 x 2 x 1 inches)
8TNT5 10 to 1000 MHz 40 0.01 £0.1p" 75 Type N Male @ excluding connectors
ETNF75 75 Type N Female
67875 75 BNC Male Weight:
87BF75 75 BNC Female 170 grams {8 ounceg)
8TFF75 75 Type F Female
SERIES 59 COMPARISON SWR AUTOTESTER
Dimensions:
7.6 x5 x 2,8 cm
59450 10 MHz o 18 GHz | 3¢ | 10 MHz - 8 cu® Gz - 18 culd o | GPC-7 on Testand | § ix 11/8 TCheS)
' 0,016 £ 0,06 0,016 +0.1p2 2 Reference Ports | ©X¢'ding connectors
340 grams (12 ounces)
SERIES 97 SWR AUTOTESTERS
10 MHz - 8 GHz 8 GHz - 18 GHz
97450 36 0.016 iO.OG,oZ 0.016 tO.IpZ GPC-7
97450-1 40 0.01 +£0.06p2 0.01 £0.1p2 GPC-7
97850 e N 2 ; 5 2 WSMA Male Dimensions:
975F50 5 ] 0.018 £ 0.08 0.018 +0.12p WSMA Female 76 x 5 x 2.8 om
(3 x 2 x 1 1/8 inches)
97550-1 B 2 2 WSMA Male excluding connectors
97SF50-1 10 MHz to 18 GHz 38 0.013 # 0.08p 0.013 £0.12p 50 WSMA Female
Weight:
97N50 2 2 Type N Male 340 grams (12 ounces)
4
9TNF50 35 0.018 +0.08g 0,018 +0.12p Type N Female
97TN50-1 2 5 2 Type N Male
: 013 £ 0, . .
97TNF50-1 38 10013 £0.08p 0-013 £0.12p Type N Female

ALL MODELS

Insertion Loss (from input to test port): 6.5 4B nominal
Detector Output Polarity: Negative

Output Time Constant: 2 us

Maximum Power Input: 0.5 watts

Input Connector: Type N Female except 678 and 67F Series which have BNC Ferale.

Detected Output Connector: BNC Female

@ 46 dB directivity available as Option 1. Option 1 accuracy: 0.005 + 0, 06p2.

@ Where 5 is the reflection coefficient being measured. Accuracy includes
the effects of test port reflections and directivity.

@ 7582 Type N Female comnectors will withstand occasional mating with 508
connectors without damage.

@ When used with 28450-1 Precision Termination, The effective directivity
of the bridge can be increased to 60 dB by using the magnified reflection
return loss measurement technique with the 18A50 Air Line and 29A50-20
Offset Termination.
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Table 1-3. SWR Bridges, Specifications

Y@ INPUT TEST PORT
MODEL FREQUENCY DIR. ACCURAC V4 CONNECTOR PHYSICAL
RANGE (dB) (ohms) TYPE

SERIES 60 SWR BRIDGES

Dimensions:
6.7 x 5.1 x 2.54 cm

60N50 Type N Male <
8 h
BONEFS0 @ 2 Type N Female ézchl{xdix)n( Zc:nnlecl?;rseS)
5 MHz to 2 GHz 40 0.01 +0.09p 50 g
60A50 GPC-7

Weight:
340 grams (12 ounces)

SERIES 62 SWR BRIDGES

62N50 50 Type N Male

62NF50 50 Type N Female Dimensions:

62B50 50 BNC Male 5.7 x 3.5 x 2.86 cm

62BF50 2 50 BNC Female (21/4 x 13/8 x 11/8 inches)
62N75 10 to 1000 MHz 40 0.1 +0.12p 75 Type N Male @ excluding connectors

62NF175 75 Type N Female

62B75 75 BNC Male Weight:

62BF75 75 BNC Female 170 grams (6 ounces)

62FF75 75 Type F Female

SERIES 87 SWR BRIDGE

Dimensions:
2 7.3 x 5.1 x 2.86 cm
@ 2 to 3 GHz: 0.18 +0.31p (25/8 x 2 x 11/8 inches)
35 3 to 4 GHz: 0.18 +0. 2p2 50 GPC-7 excluding connectors
4 to 18 GHz: 0.18 +0.12p

87A50 2.0 to 18.0 GHz

Weight:
340 grams (12 ounces)

SERIES 64 SWR BRIDGE

Dimensions:

7.3 x 5.1 x 2.86 cm
@ @ 2 (27/8 x 2 x 11/8 inches)

64A50 3 GHz to 8 GHz 36 0.016 £0.12p 50 GPC-17 excluding connectors

Weight:

284 grams (10 ounces)

SERIES 58A50 COMPARISON SWR BRIDGE

2@ 6.7 x 5.1 x 2.2 cm
2 to 3 GHz: 0.18 +0.32 (25/8 x 2 x 7/8 inches)
58A50 2.0 to 18.0 GHz 35 3 to 4 GHz: 0.18 +0. 2p2 50 GPC-7 excluding connectors
4 to 18 GHz: 0.18 +0.11p
Weight:

340 grams (12 ounces)

ALL MODELS

Insertion Loss (from input to test port): 6.5 dB nominal
Maximum Power Input: 0.5 watts
Input Connector: Type N Female, stainless steel, except 62B and 62F Series which have BNC Female.

(D Option 1 has 46 dB directivity with an accuracy of 0.005 :1:0.09p2.
@Where p is the reflection coefficient being measured.

@759 N Female connectors will withstand occasional mating with 509
connectors without damage.

38 dB directivity available with Option 1. Option 1 accuracy:
2 to 3 GHz: 0.011 1:0.31192;2 3 to 4 GHz: 0.011 +0.2p2;
4 to 18 GHz: 0.011 +0. 11p

@2 to 8 GHz frequency range available as Option 2. Option 2 accuracy:
2 to 3 GHz: 0.016 +0. 16p2: 3 to 8 GHz: as specified above.

(6)42 dB directivity available as Option 1 (3 to 8 GHz). Accuracy: 0.008 +0. 12p2.
@When used with Model 28A50-1 Termination. Accuracy is even greater

when the bridge is used with an 18A50 Air Line and a 29A50-20 Offset
in the magnified reflection return loss measurement technique.

1-6 6-58-60/62-64/67/87/97-OMM




SECTION II
MICROWAVE MEASUREMENTS

2-1. INTRODUCTION

This section contains information for per-
forming transmission and return loss meas-
urements. Step-by-step procedures are
presented for the following microwave
measurement techniques: (1) Ripple Aver-
aging, (2) Magnified Reflection, (3) Direct-
Reading Measurements Using the Model
501 Logarithmic Level Meter, and (4) SWR
Measurements Using Graticules. General
informationinthe nature of equipment capa-
bilities and uses is presented for the WIL-
TRON Model 560 Scalar Network Analyzer
and Model 501B Logarithmic Level Meter.

2-2. GENERAL TEST EQUIPMENT
REQUIREMENTS

To ensure accuracy, the test equipmentused
in the return loss measurement system
should have the following characteristics:

a. RF Sweep Generator - Leveled output
of +7 dBm or greater with output match
<1. 8.

b. Oscilloscope - Vertical sensitivity of
10uV/cm or greater.

c. Logarithmic Display Instrument, such
as a network analyzer - At least 60 dB

dynamic range.

d. SWR Autotester or Bridge - Directivity
of 35 dB or greater.

e. Test Cables - Correct characteristic
impedance to match the RF sweep

6-58-60/62-64/67/87/97-OMM

generator, SWR Autotester or bridge,
and device under test (DUT).

2-3. TRANSMISSION AND RETURN LOSS
MEASUREMENTS USING THE MODEL
560 SCALAR NETWORK ANALYZER

The WILTRON Model 560 Scalar Network
Analyzerisusedin conjunction witha sweep
generator to provide a scalar analysis of
return loss-and transmission loss/gain
characteristics.

The Model 560 has two measurement chan-
nels (A and B), which allow simultaneous
measurements of return loss and transmis-
sion (insertion) loss/gain. Each channel
has a built-in memory, allowing the reflec-
tometer calibration data to be stored and
automatically subtracted from the measured
data. For return loss measurements, the
reflectometer calibration data consists of a
zero dB reference that is the average of an
open and a short reflection. For transmis-
sion 1oss/gain measurements, the reflectom-~
eter calibration data consists of the full
measure of system residual reflections,
as seen at the test port of an SWR Auto-
tester or bridge.

Figure 2-1 shows the Model 560 Scalar
Network Analyzer and its companjon RF
Detector and SWR Autotester. The Model
560-97XXX SWR Autotester is the only

SWR Autotester recommended for use with
the Model 560; however, any of the WILTRON
bridges may be used, as long as the bridge
output is detected using the Model 560-7XXX
RF Detector.




Figure 2-1.

Model 560 Scalar Network Analyzer With
Companion RF Detector and SWR Autotester

6-58-60/62-64/67/87/97-OMM




2-4. RETURN LOSS MEASUREMENT
TECHNIQUES USING AN AIR LINE

The uncertainty of broadband microwave
return losg measurements has prompted
the development of new equipment and tech-
niques. New equipment consists of (1) a
four-port comparison SWR Autotester with
a frequency range of 10 MHz to 18 GHz,
(2) a four-port comparison SWR bridge
with a frequency range of 2 to 18 GHz, (3)
a 16 mm (diameter) air line with a frequency
range of 0.4 to 8 GHz, and (4) an 18 mm
(diameter) air line with a frequency range
of 2 to 18 GHz. New techniques consist of
ripple~averaging and magnified reflection.
The ripple-averaging technique can reduce
errors from a range of 20 to 60%, to an
error of ¥2%. The magnified reflection
technique permits return loss values of 26
to 54 dB to be measured with the four-port
comparison SWER Autotester or bridge.

The following paragraphs provide (1) a
description of the air line and a discussion
of its construction and special-handling
regquirements, (2) a description of the rip-
ple-averaging technique with a procedure
detailing its use, (3) a description of the
magnified reflection technique with a pro-
cedure detailing its use, (4) a suggested
method for taking the average of ripple
patterns, and (5) a description of how to
analyze magnified reflection ripple patterns.
2-41  Air Lines

As part of a small-reflection measurement
program, WILTRON has developeda series
of precision-manufactured high return losgs
(60 dB) air lines. These air lines are used
both as impedance standards and as delay
lines for the error-gignal averaging tech-
nigues described below.

Ag shown in Figure 2-2, the air line is con-
structed with a beadless connector on the
end that connects to the device under test
(DUT). (This end connects to the test port
when measuring the directivity of the SWR
Autotester or bridge; refer to paragraph
4-2.1.) A beadless connector is used on
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Figure 2-2.

this end to provide a connection with mini-
mum reflection. The connector on the
opposite end of the air line does contain a
bead; this bead keeps the center conductor
captive, thereby fixing the reference plane
for the beadless end.

Attaching the beadless end of the air
line to the device to be measured requires
extreme care. DBecause there is no
bead holding it rigid, the center conductor
of the air line has to be manually mated
with the center conductor of the DUT be-
fore the outer ring of the connector can be
tightened. Once the DUT hag been attached,
however, it providesg the necessary center
conductor support so that the bead is not
required for proper air line operation.
Connection is usually made easier by ori-
enting the air line in the vertical position.

2-4.2 Ripple-Averaging Technigue

Ripple-averaging is a technique for sepa-
rating the error signal caused by directivity
(paragraph 3-2. 1) from the signal reflected
from the device under test (DUT).

To accomplish signal separation, this tech-
nigue uses an SWR Autofester or bridge to
take advantage of the following two facts:
(1) the reflected signal and the directivity
signal arrive at the RF OUTPUT port with
a phase relationship that depends in part on
the difference in electrical distances in the
two signal paths, and (2) the phase differ-
ence between the reflected signal and the
directivity signal changes when the test fre-
quency is swept. Typically, this phase
change is relatively small and the amplitude




relationship of the two signals is often in-
determinate. However, when a suitable
lengthofline, e. g., anairline, isinserted
between the SWR Autotester or bridge and
the DUT, a '"long-line effect' occurs and
the phase changes are greatly increased.
In return loss measurements, this results
in an intentionally-introduced ripple signal
(directivity error signal) being imposed on ’ PeRuENCY G
the signal reflected from the DUT.

RETURN LOSS (dB)

Figure 2-3. Calibration Reference
Withan Open
Atypical ripple pattern with phasor diagram
is shown in Figure 2-3. As shown by the |

dotted line in this figure, the reflected sig- accurately measure return loss signals to

nal can easily be extracted from the ripple within about 6 dB of the SWR Autotester or |
pattern by taking the average between one bridge directivity value. So long as the |
signal peak and the next trough. A suggested device being measured produces a smoothly-

method for taking this average is described varying reflection as frequency is swept,

in paragraph 2-4. 4. the resolution normally achieved is approxi-

mately 0.2 dB (£2%).
The general effect of the ripple-averaging

technique is that the desired reflection can The equipment setup and procedure for
be measured exclusive of the directivity using this technique are presented in Fig-
signal. This results in the ability to ure 2-4 and Table 2-1, respectively.
LOGARITHMIC
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Table 2-1.

Ripple- Averaging Procedure

. Turn equipment on and allow for the
required warmup time.

. Connect equipment as shown in Figure
2-4, except do not connect DUT to air

line.

. Connect a short on the beadless end of
the air line.

NOTE

This procedure does
not specify any par-
ticular model of log-
arithmic display;
consequently, the
controls are referred
to by their functional
names.

. On logarithmic display:

a. Position the dB/divigion control for
a comfortable setting, depending
upon the value of return loss expected
from the DUT. (1 dB/division is
usually required to accurately meas-
ure return loss gignals on the order
of 20 dB.)

b. Posgition the offset control to center
the ripple waveform on the face of
the display.

On the face of the display, lightly trace
a line that represents the average of this
ripple pattern (see below).

NOTE

When the Model 560 Scalar Net-
work Analyzer is used with this
procedure, the average of an
open and a short ig used to eg-
tablish the reference reflection.
Also, it is not necessary to draw
a line on the CRT screen. On
the 560, one front panel control
causes the open and short reflec-
tions to be electronically averaged,
and another control causes the
averaged reflection to be elec~
tronically subtracted from the
DUT reflection.

6. Remove the short, and connect the
beadless end of the air line to the DUT,

NOTE

In the following steps,
instructions are given
for measuring the worst
point on the frequency
sweep.

7. On the logarithmic display:

a. Adjust the offset and, if necessary,
the dB/division control(s) to observe
the entire frequency sweep.

b. Cbgerve the sweep; the point of
maximum return loss is where the
average value of the ripple pattern
peaks the most positive,

c. Position the dB/division control to
obtain maximum resolution at this
point; adjust the offset control ic
superimpose this portion of the
trace on the reference line.

d. Read the return loss, in dB, from
the indicator associated with the
offset control.
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2-4.3 Magnified Reflection Technique

The magnified reflection method of measg-
uring return loss combines measurement
technique with specially-designed, pre-
cision=-built equipment to enable a reflection
of less than 5% to be measured using an
SWR Autotester or bridge. The precision-
built equipment consists of a four-port
comparison bridge (58A50) that operates
from 2 to 18 GHz and a four-port compari-
son SWR Autotester (59A50) that operates
from 10 MHz to 18 GHz. Either of these
two instruments, when used with a preci-
sion air line and the procedure in Table
2-2, allows the measurement of return loss
signals from 26 to 54 dB.

The test setup for making magnified reflec-
tion measurements is shown in Figure 2-5.
This equipment setup uses a four-port
comparison SWR Autotester or bridge with
a termination installed on its comparison
(reference) port. This termination is
known as an offset; it is used because it
produces a relatively constant reflection
with frequency.

MODEL 610D RF SWEEP GENERATOR

O 0O O O O

[c o0 Joofs .
00 oo o ll—@ |

]
COMPARISON | | TERMINATION

SWR AUTOTESTER [ |
OR BRIDGE

OPEN OR SHORT

A END
DEVICE-UNDER-TEST
(ouT

The offset installed on the comparison SWR
Autotester or bridge is designed to pro-
duce a reflection of substantial proportions
-- usually 20 dB. Since the performance
of the comparison SWR Autotester or bridge
itself is high and there are no other signi-
ficant sources of undesired reflections,

the effective directivity of the instrument
becomes that of the offset, i.e., 20 dB.

It is not necessary, however, to know the
value of the offset, as will be seen when
using the procedure. The value of the off-
set is measured on the logarithmic display.

How this essentially constant and relatively
large offset signalis used in swept-frequency
measurements can be described in terms
of the phasor diagram in Figure 2-6. Here,
in contrast to the ripple-averaging method
previously described, the signal to be
measured is smaller than the 20 dB offset
signal of the instrument. Like the ripple-
averaging method, when the test frequency
is swept, a ripple pattern is produced; how-
ever, now the ripple pattern is caused by
the small, unknown signal rather than by
the directivity signal. By determining the

LOGARITHMIC
DISPLAY

o

o

O.

S
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ofo e

OFFSET
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Figure 2-5. Equipment Setup for Magnified Reflection Measurements
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Table 2-2. Magnified Reflection Procedure

. Turn equipment on and allow for the
required warmup time.

. Connect equipment as shown in Figure
2-5, but do not connect the device under
test (DUT).

. Connect a short on the beadless end of
the air line.

NOTE

This procedure does
not specify any par-
ticular model of log-
arithmic display;
consequently, the
controls are referred
to by their functional
names.

. On logarithmic display:

a. Position the dB/division control for
a comfortable setting, depending
upon the value of return loss expected
from the DUT. (1 dB/division is
usually required to accurately meas-
ure return loss signals on the order
of 20 dB.)

b. Position offset control to center the
ripple waveform on the face of the
display.

. On the face of the display, lightly trace
a line that represents the average of
this ripple pattern (see below).

NOTE

When the Model 560 Scalar Net-
work Analyzer is used with this

6. Remove the short, and connect the
beadless end of the air line to the DUT.

7. On the logarithmic display:

. Measure the peak-to-peak value of this

procedure, the average of an
open and a short is used to es-
tablish the reference reflection.
Also, it is not necessary to draw
a line on the CRT screen. On
the 560, one front panel control
causes the open and short reflec-
tions to be electronically averaged,
and another control causes the
averaged reflection to be elec-
tronically subtracted from the
DUT reflection.

NOTE

In the following steps,
instructions are given
for measuring the worst
point on the frequency
stop.

a. Adjust the offset and, if necessary,
the dB/division control(s) to observe
the entire frequency sweep.

b. Observe the sweep and note the point
where the peak-to-peak ripple has
the greatest amplitude.

c. Adjust the offset control to place the
average value of this ripple on the
reference line which was drawn on
the display during calibration.

d. From the indicator associated with
the offset control, note the reading;
this is the value, in dB, of the off-
set-termination that is connected-
to the reference port.

ripple and, using the process described
in paragraph 2-4.5, convert this value

to return loss. This is the return loss

of the DUT.

6-58-60/62-64/67/87/97-OMM




PK TO PK RIPPLE

REFERENCE |

OR OFFSET
\
FREQUENCY
PHASOR
INTERACTION
Figure 2-6. Magnified Reflection Ripple

Waveform Showing Phasor
Interaction

peak-to-peak amplitude, in dB, of this
ripple, the value of the reflected signal
can be determined using the Microwave
Measurement Chart, Table 4-1. (Para-
graph 2-4.5 discusses how to analyze this
ripple pattern.) Since the unknown is
measured with respect to the offset, the
constant reflection produced by the offset
is itself termed the "offget. "

The effective limit of this method is set by
the 60 dB residual reflection (return loss)
of the precision air line. The magnified
reflection ripple technique typically per-
mits measurements to be made to within
about 6 dB of this value. Consequently,
test instruments and devices having a fre-
quency range within a 1 to 18 GHz band
and having return loss signals as small as
54 dB can be measured using this method.

This method of measuring return loss pro-
vides three advantages: (1) small reflec-
tions of 50 dB or so are actually measured
at a signal level that is only 20 dB below

a full reflection, (2) the directivity of the
four-port SWR Autotester or bridge is
cancelled by being incorporated into the
signal produced by the offset-termination,
and (3) the swept display gives an immedi-
ate indication proportional to the magnitude
of the unknown reflection. This means
that adjustments may be made to the DUT
while watching the results in real time.

The advantages of this method may be sum-
marized by saying that the measurements
produced by this method are neither sensi-
tivity- nor directivity-limited.

2-4.4 Suggested Method for Taking the
Average of Ripple Patterns

A suggested method for taking the average
of ripple waveforms is illustrated in Fig-
ure 2-7. As shown, the average can readily
be taken by (1) connecting two adjacent
peaks or troughs, and then (2) measuring
the distance, in dB, between the connecting
peaks or troughs and the opposite peak or
trough. If the peak-to-peak value is less
than 3 dB, simply halving the dB value will
give the average value, within 0.1 dB. If
the peak-to-peak value is 3 dB or greater,
determine the average by referring to the
Microwave Measurement Chart, Table 4-1.

PK TO PK RIPPLE

dB RETURN LOSS

FREQUENCY

A Method for Taking the
Average of Ripple Patterns

Figure 2-7.

2-45 How To Analyze the Magnified
Reflection Ripple Pattern

The waveform in Figure 2-8 was taken
from a logarithmic display. The dB/divi-
sion control on the logarithmic display was
set to provide a vertical sensitivity of 0.5
dB/division; the offset control was adjusted
to display the waveform 20 dB below the
calibration reference.
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RETURN LOSS dB

6 GHz l I 18 GHz
F1 F2 F3

Figure 2-8. Typical Magnified Reflection
Ripple Waveform Obtained
Using a 20 dB Offset

The waveform shown in Figure 2-8 repre-
sents the interaction of two signals. One
signal is that of the instrument's offset
termination, which is 20 dB. The other
signal (ripple) is the return loss of the
device-under-test (DUT). When the test
frequency is swept, the reflected signal
from the DUT imposes a ripple on the
offset signal. The interpretations of the
waveform for the three frequencies shown
(F1l, F2, and F3) are described in the fol-
lowing paragraphs.

Frequency F1

The peak-to-peak ripple at this frequency
is approximately 0.4 dB. On the Micro-
wave Measurement Chart, Table 4=-1,
under the column headed "REF + x Peak to
Peak Ripple--dB, " the closest value to 0. 4
is 0.3890. The value in the column headed
"x dB Below Reference" that corresponds
to 0.3890 is 33. A close reading of the
ripple waveform in Figure 2-8 reveals

that the average value of this waveform is
20.1 dB. This is the value of the offset.
By adding the value obtained from the RF
Measurement Chart (33 dB) to the value of
the offset, the measured value of the re-
flected signal is found to be 53.1 dB.

Frequency F2

The peak-to-peak ripple of the F2 frequency
is shown to be approximately 1.09 dB. As
shown in Table 4-1, this ripple corresponds
to a signal value 24 dB below the reference.
According to the waveform photograph, the
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reference is approximately 20.2 dB; conse-
quently the reflected signal from the DUT
is 44.2 dB.

Frequency F3

Using the same process as described above,
the return loss of the reflected signal at

F3 is determined to be 51.3 dB (32 dB be-
low the reference).

2-5. DIRECT-READING TRANSMISSION
AND RETURN LOSS MEASUREMENTS
USING THE MODEL 501 LOGARITH-
MIC LEVEL METER

Figure 2-9 shows a test setup and Table
2-3 provides a procedure for making di-
rect measurements, indB, oftransmission
(insertion)loss. With a slight modification,
(dotted line), the configuration can also
measure return loss. The setup shown
uses a WILTRON Model 501 Logarithmic
Level Meter.

Once the device under test is connected in
the circuit, the loss (or gain) can be read
directly on the meter (for fixed frequency)
or on the oscilloscope (for swept frequency).
The sensitivity of the measurement is vari-
able from 10 dB to 0.5 dB per division, and
is controlled from the front panel of the
logarithmic level meter.

The logarithmic meter will normally
operate with signals ranging from below
-40 dBm to +20 dBm. The instrument
automatically corrects for the changing
response law of the RF detector (square
law at low signal level, linear at high). A
calibrated offset control having a resolu-
tion of 0.1 dB and an overall range of £100
dB eliminates scope linearity errors and
permits the use of maximum sensitivity,
even at high signal levels.

The procedure covers both transmission
and reflection measurements. The cali-
bration procedure for matching the Model
501 response to a particular detector is
given in the Model 501 Logarithmic Level
Meter Instruction Manual.
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Equipment Setup for Measuring Transmission (Insertion)

Loss Using Model 501 Logarithmic Level Meter

Table 2-3. Procedure for Direct Logarithmic Measurements

. Connect equipment as shown except do
not connect device under test into cir-
cuit. Instead, connect an RF detector
between the test port of the SWR Auto-
tester and the INPUT of the Model 501,

. Set controls as follows:

Model 610D Mainframe

VAR FREQ MARKER: INTENSITY
AMPLITUDE: Fully CCW

SWEEP MODE: Line Sync

SWEEP TIME VERNIER: CAL
FREQ SELECTOR: F1 TO F2
RETRACE RF: ON

F1: Low frequency of interest

F2: High frequency of interest
VAR FREQ MKR: Mid-range
POWER: ON
LEVELING: INT
RF Plug-In

RF POWER LEVEL: 1/2 maximum

RF: OFF
FREQUENCY RANGE (some models):
Full

Model 501 Logarithmic Level Meter

POWER: ON

OFFSET: 00.0 dB

OFFSET Polarity: Minus (-)
SENSITIVITY: 10 dB/div

PANEL METER: OFF

FILTER: OUT

BLANKING POLARITY (rear panel): +
ZERO dB SET: UNLOCK

Oscilloscope

Vertical Input: GND

Vertical Input Polarity: +
Sensitivity: 1V/div

Horizontal Input: EXT (sweep off)
Horizontal Input: DC

Horizontal Input Polarity: +
Horizontal Sensitivity: 1V/div
Power: ON
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Table 2-3. Procedure for Direct Logarithmic Measurements (Continued)

3. Adjust Horizontal Sweep as follows:

a. Adjust focus and intensity to obtain
a trace.

b. Adjust vertical position to align
trace with center of graticule.

c. Adjust horizontal gain and hori-
zontal position until trace is
exactly 10 divisions wide and
centered horizontally on graticule.

d. Set vertical input of scope to DC.

4. Set RF Power Reference Level:

a. On RF plug-in, position RF switch
to ON.

NOTE

The trace may be off-
screen. Use ZERO dB
SET control to bring
trace back onto screen.

b. On Model 501, use ZERO dB SET
to exactly align trace and retrace
vertically on CRT screen.

c. On RF plug-in, adjust SLOPE con-
trol to get both ends of trace at
same vertical level.

d. On Model 501, increase SENSI-
TIVITY control to 1.

e. Repeat steps b and c.

f. On Model 501, lock the ZERO dB
SET control.

a.

5. Measuring Insertion Loss:

On RF plug-in, position RF switch
to OFF. Connect device under test
and RF detector as shown in Fig-
ure 2-9.

Position RF switch to ON and
position Model 501 SENSITIVITY
control to 10.

On Model 610D, increase marker
AMPLITUDE, and use VAR FREQ
MKR control to center marker on
response curve,

. On Model 501, increase SENSITIV-

ITY control to 0. 5; adjust the
OFFSET dB control to align top of
response curve with reference
trace (see figure below). The
OFFSET counter now reads in-
sertion loss.

dB

Frequency

Using OFFSET Control to
Measure Insertion Loss
(OFFSET = 2.2 dB)
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Table 2-3. Procedure for Direct Logarithmic Measurements (Continued)

6. Measuring the Skirt of the Filter:

a. To measure skirt of the response
curve, position the SENSITIVITY
and OFFSET controls as appropri-
ate (see example below).

b. Use a very slow-frequency sweep.
Low-1level signals are distorted by
a fast sweep.

IS

Frequency

Measuring Filter Skirt
(OFFSET is 36 dB)

NOTE

Solid line represents
response obtained
with a 10-second
sweep time. Dotted
line is response with
sweep time of 0. 01
seconds.

7. Measuring Return Loss

a. Position RF switch of plug-in to
OFF.

b. Disconnect device under test from
the test port of the SWR Autotester.
Remove RF detector from circuit.

C.

SWR

. Unlock ZERO dB SET control.

. Set RF power reference (see steps

. Position RF switch on plug-in to ON.

Connect coax cable between the de-
tected output of SWR Autotester
and input of Model 501 (see dotted
line in Figure 2-9).

4a through 4f).

Connect device under test to test
port of SWR Autotester. Be sure
to terminate output of device under
test.

On Model 501, decrease SENSITIV-
ITY control to 10 to properly iden-
tify response curve.

NOTE

The return loss is a
low-level signal. Use
a slow sweep time to
avoid distorting the
trace.

Increase SENSITIVITY control to
either 1 or 0.5. Increase OFFSET
control to accurately read return
loss.

\ Ao i

Frequency

Measuring Return Loss
(Sweep Time = 10 s)
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2-6. LOW-LEVEL (<-40 dBm) RETURN
LOSS MEASUREMENTS USING
THE MODEL 501B LOGARITHMIC

LEVEL METER

Atest getup for making low-level return loss
measurements {<-40 dBm) from 1 to 1000
MHz is shown in Figure 2-10. This test
setup uses a WILTRON Model 501B Loga-
rithmic Level Meter to provide gain for
low-level signals. The Model 501B is
similar to the Model 501, discusgsed in
paragraph 2-5. The difference between
these two instruments is that the 5018
contains a 40 dB RF amplifier located in
its front end. The purpose of this ampli-
fier is to provide preamplification of low=~
level (<-40 dBm) signals before they are
applied to the video amplifier. This sec~
ondary amplifier can be ingerted into the
meagsurement setup through a front panel
connector. This amplifier provides the
Model 501 B with a total dynamic range of
80 dB.

SWR MEASUREMENTS USING
GRATICULES

2-7.

A plastic sheet containing six graticules is
available upon request. The graticules
may be cut to fit the oscilloscope being
used. The top calibration line on the grat-
icule represents an SWR of 1.0, and the
bottom line represents the maximum SWR
for the range being used. (See Figures
2-11 through 2-16.) Some graticules may

MUDEL 8190
SWEEP GEN

BLAMKING

be marked "VSWR' instead of "SWR.'" In
either case, the ratio is the same.

To describe the use of the graticules, a
test setup is shown in Figure 2-17 and a
procedure is presented in Table 2-4. This
procedure assumes the use of the WILTRON
Model 610D RF Sweep Generator. To ob-
tain accurate measurement results from
this procedure, the following precautions
must be observed:

a. The impedance of the test cables rust
match that of the sweep generator, SWR
Autotester or bridge, and device under
test.

b. The RF output of the sweep generator
must be leveled.

¢. The RF detector must be operated in
the square law region (refer to para-
graph 1-4.3).

d. The directivity of the SWR Autotester or
bridge must be 35 dB or greater. (WIL-
TRON SWR Autotegters and bridges
typically have directivities in excegs
of 40 dB.)

e. The oscilloscope must have a sensitivity
of at least 1mV/div. If the 20 dB or
30 dB graticule is used, a vertical sen-
sitivity of 50uV/div is recommended.

OSCHLGSCOPE

#0DEL 5018
LOG LEVEL MAETER
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Figure 2-10,

Equipment Setup for Making Low=-Level {<-40 dBm) Return Loss

Measurements Using Model 5018 Logarithmic Level Meter
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Figure 2-17. SWR Measurement Test Setup
Table 2-4. Procedure for SWR Measurements Using Graticules

. Connect equipment as shown above but

do not connect device under test to
test port of the SWR Autotester.

. Set front panel controls:

Model 610D Mainframe

VAR FREQ MARKER: INTENSITY
AMPLITUDE: Fully CCW
SWEEP MODE: LINE SYNC
SWEEP TIME (SEC): .1 - .01
SWEEP TIME VERNIER: CAL
FREQ SELECTOR: F1 TO F2
RETRACE RF: OFF

F1: Low frequency of interest
F2: High frequency of interest
VAR FREQ MKR: Mid-range
LEVELING: INT

RF POWER LEVEL: Fully CW
FREQ RANGE (some modelg): Full

Oscilloscope

Vertical Input: DC
Vertical Input polarity: Positive (+)
Vertical Sensitivity: 1mV/division

or less
Horizontal Input: External (sweep off)
Horizontal Input: DC
Horizontal Input polarity: Positive (+)
Power: ON

. Set Horizontal Sweep:

a. On oscilloscope, adjust focus and
intensity controls to obtain hori-
zontal trace.

b. Adjust vertical position to align

POWER: ON retrace 3 divisions above center.
RF Plug-In

c. Adjust horizontal gain and hori-
RF: OFF zontal position to obtain trace

10 divisions wide and exactly
centered on the graticule.

(1) With higher-power plug-ins, decrease to 10mV/division. |
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Table 2-4. Procedure for SWR Measurements Using Graticules (Continued)

4. First Calibration:

a.

SWR

C.

Select the SWR graticule for 0 dB
return loss (Figure 2-16) and attach
to face of oscilloscope.

. Position RF switch on plug-in to

ON. Adjust RF POWER LEVEL
on RF plug-in and vertical sensi-
tivity controls on oscilloscope until
trace and retrace are positioned as
shown below.

1.0

2.0 10dB return loss
3.0 RETRACE =
4.0
5.0
6.0
8.0
10.0
| TRACE 20.0
A\ 30.0
VWW.MHV_
Frequency

First Calibration (with Open)

On RF plug-in, adjust SLOPE
control for a level display.

NOTE

This completes the initial
calibration of the system.
The device can now be

measured to determine its
approximate SWR reading.

5. First Measurement:

b. Observe trace and identify response
curve of device under test. Use
VAR FREQ MKR control to set an
RF pip in the center of the curve.

c. Set FREQ SELECTOR switch to
AF mode. Adjust AF FREQ to
obtain desired width in response
curve. Use VAR FREQ MKR
control to precisely center the
curve on the screen.

d. Read approximate SWR directly
from the 0 dB return loss grati-
cule. Based upon this reading,
select the return loss graticule
for final calibration or final
measurement.

Example: If the SWR reading is
between 1.0 and 2.0 but closer to
2.0, choose the 10 dB return loss
graticule (see figure below). If
reading is closer to 1.0, choose
either the 20 dB or 30 dB return
loss graticule.

20— 10dB return loss

RETRACE —=}/

SWR

o\
/ 5.0 \
/ \

; \
fl wg.g \

L w X

7 30.0 AN

=S 0dB return N

Frequency

First Measurement
(Typical Trace, Bandpass Filter)

a. Connect device under test to test 6. If the 20 dB return loss graticule was
port of SWR Autotester. selected, proceed to step 7 for final
measurement. If 10 dB graticule was
NOTE selected, disregard step 7 and proceed
to step 8 for final measurement. If
Insure that the output 30 dB graticule was selected, proceed
of the device under test directly to step 9 for second calibra-
is properly terminated. tion; disregard steps 7 and 8.
2-16 6-58-60/62-64/67/87/97-OMM




Table 2-4.

Procedure for SWR Measurements Using Graticules (Continued)

NOTE

For measurements using

30 dB return loss graticule,
a high-power RF plug-in
(output power exceeds 1mW),
an oscilloscope with verti-
cal sensitivity of 100uV or
less, or both may be re-
quired.

7. Final Measurement Using 20 dB
Return Loss Graticule

a.

SWR

Replace 0 dB return loss graticule
with 20 dB return loss graticule.

Remove 20 dB ATTEN (Figure 2-17)
and connect output of RF plug-in
directly to input of SWR Autotester.

. Read SWR (see example below).

Any number of similar devices can
now be measured without further
calibration.

1.00

1.06 30dB return loss

1:22 20 dB return loss

Frequency

Final Measurement Using
20 dB Return Loss Graticule

8. Final Measurement Using 10 dB
Return Loss Graticule

SWR

Replace 0 dB return loss graticule
with 10 dB return loss graticule.

. Remove 20 dB ATTEN (Figure 2-17)

and replace with a 10 dB attenuator.

Read SWR (see example below).
Any number of similar devices
can now be measured without
further calibration.

1.00
1.20 20dB return loss
1.30

1.40

\.
A4

1.60

1.70

1.80

1.93 10dB return loss

Frequency

Final Measurement Using

10 dB Return Loss Graticule

9. Final Calibration Using 30 dB
Return Loss Graticule

a.

Replace 0 dB return loss graticule
with 30 dB return loss graticule.

. Disconnect device under test from

test port of SWR Autotester.
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Table 2-4. Procedure for SWR Measurements Using Graticules (Continued)

c. Add 10 dB attenuator in series with 10. Final Measurement Using 30 dB
the 20 dB ATTEN already in place Return Loss Graticule
& e SN .Total attenuation be- a. Remove the 30 dB of attenuation
tween RF plug-in and SWR Autotester i
should be 30 dB. from between the RF plug-in and
the SWR Autotester; connect the
output of RF plug-in directly to
d. Adjust RF POWER LEVEL on RF B Ll
plug-in and vertical sensitivity con- b. Reconnect the device under test
trols on oscilloscope until trace and and read SWR (see example below).
retrace are positioned as shown Any number of similar devices can
below. now be measured without further
calibration.
1.00 1.00
1.02 40d8 return lows 1.02 40dB_return loss
1.03 1.03
—_—— — — — — 22 el B L ' 35dB_return_ loss
1.04 — — — —/'\_ l—-O_l _____
RETRACE
SWR g o \/ \
.05
TRACE -
* 1.06
Vmw/ 1.066 0dB return loss
Frequency Frequency
Final Calibration Using Final Measurement Using
30 dB Return Loss Graticule 30 dB Return Loss Graticule
2-18 6-58-60/62-64/67/87/97-OMM




3-1. INTRODUCTION

This section addresses factors that affect
return loss measurement accuracy. Dis-
cussions are included for directivity, test
port match, test equipment limitations,
and the effects of adapters on measure-
ment systems. Also included are discus-
sions covering the following topics: (1)
the open/short method for reducing the
effects of test port match, (2) precision
type N connectors, and (3) the WILTRON
SMA (WSMA) connector.

3-2. INHERENT FACTORS THAT AFFECT
RETURN LOSS MEASUREMENT
ACCURACY

Directivity and test port match are two
factors that are inherent in all return loss
measurements. These two factors greatly
affect the accuracy of return loss meas-
urements. Directivity affects large return
L loss (small reflected signal) measurements,
and test port match affects small return
loss (large reflected signal) measurements.
The following paragraphs provide detailed
discussions of these two factors.

| 3-2.1 Directivity (Balsnce)

Directivity is a term that describes RF
leakage in a return loss measurement de-
vice. As shown in Figure 3-1, even though
the test port of an SWR Autotester or bridge
is terminated with a perfect load, there is

* still a small amount of RF leakage through
the device to the output port. This leakage
is called the directivity signal, and it occurs

6-58-60/62-64/67/87/97-OMM

SECTION 1iI
RETURN LOSS MEASUREMENT ACCURACY

because of imperfections within the device
itself. These imperfections result from
deviations from prescribed geometry, con-
nector mismatches and imperfect internal
terminations. Directivity is expressed in
dB and is a figure of merit for directional
devices. The larger this number, the more
accurately the device can measure return
loss. Directivity is the ratio, expressed in
dB, of the output power when the test port
signal is fully reflected to the output
power when the test port is perfectly termi-
nated. The formula used to find directivity
is: Directivity (dB) = 10 log1g P1/Py, where
Py is the output power when the test port
signal is fully reflected, and P9 is the output
power when the test port is perfectly ter-
minated.

SWR AUTOTESTER OR BRIDGE

RF OUTPUT (BRIDGE)
RF INPUT DIRECTVITY SIGNAL OR
DETECTED OUTPUT

INCIDENT 3548
SIGNAL (SWR AUTOTESTER)

TEST PORT

o AA— Zx = PERFECT
J TERMINATION—
NO REFLECTED
DEVICE UNDER TEST SIGNAL
(ouT

Figure 3-1. SWR Autotester or Bridge

With Perfect Termination




Measurement errors due to directivity are
most pronounced when measuring small
reflected signals. As shown in Figure 3-2,
the reflected signalbeing measured equates
to a return loss value of 20 dB. This re-
turn loss is only 15 dB larger than the sig-
nal due to directivity (35 dB). The phasor
diagram shows how the directivity can com-
bine with the reflected signal at the meas-
urement port. The error limits caused by
the directivity signal are shown as a 3. 12
dB uncertainty. This uncertainty means
that the measurement, instead of indicating
20 dB, will indicate anywhere between
18.58 and 21.70 dB.

A more striking example of the directivity
error is illustrated in Figure 3-3. In this
example, the DUT is absorbing more of the
incident signal than in the previous exam-
ple, and the reflected signal is smaller,
now equating to a return loss of 30 dB.
This return loss is only 5 dB larger than
the signal due to directivity. Referring to
the phasor diagram and ripple sine wave
of Figure 3-3, itcanbe seen thatthe errors
due to the directivity signal have become
very large--+7.18 and -3. 88 dB! Error

SWR AUTOTESTER OR BRIDGE

DIRECTIVITY
SIGNAL RF OUTPUT (BRIDGE)
—— " 3548 i OR

E ——
REINPUT INCIDENT REF LECTED DETECTED OUTPUT
SIGNAL SIGNAL

(SWR AUTOTESTER)
I ITEST PORT

1.22 SWR
“E;LGE;;E? I 0.10 REFLECTION COEFFICIENT
= | 2008 RETURN LOSS

2x —NN—

L 4

DEVICE UNDER TEST
(ouT)

18.58 dB

S A DIRECTIVITY 31248
i =7 siGnAL uucm(i“";ﬁ:g)
8 ATy \7"
REFLECTED 217008

SIGNAL

PHASOR (VECTOR)

Figure 3-2. SWR Autotester or Bridge

With 20 dB Return Loss

3-2

limits of this magnitude mean that the re-
turn loss signal, instead of indicating a
measured value of 30 dB, may indicate

a measured value anywhere between 26. 14
and 37.18 dB.

In summation, directivity is a figure of
merit for an SWR Autotester or bridge.
The larger the dB number, the more accu-
rately the device can measure small re-
flections. Measurement inaccuracies due
tothe directivity signal are more pronounced
when measuring very small reflections
(large return loss). As demonstrated by
the two examples above, a good rule-of-
thumb to follow when measuring return loss
is to use a directional device that has a
directivity at least 20 dB greater than the
return loss to be measured.

In some situations, the 20 dB rule may not

be practical. In these cases, measurement
techniques using an air line may be applied, 1
asdescribedin SectionIl. These techniques |
allow an SWR Autotester or bridge with 35

or 36 dB directivity to be used to measure |
return loss signals as great as 54 dB, with |
an accuracy that is typically +2 %.

SWR AUTOTESTER OR BRIDGE j

DIRECTIVITY SIGNAL
— 3%

E -
RF INPUT
INCIDENT /~ REFLECTED DETECTED OUTPUT
SIGNAL SIGNAL (SWR AUTOTESTER)

RF OUTPUT (BRIDGE) 1

SIGNAL = 0.032 REFLECTION COEFFICIENT

REFLECTED l 106 SWh 4
30 dB RETURN LOSS

N/
x—ANW—
y

DEVICE UNDER TEST
(ouT)

26.14dB I

7 DIRECTIVITY 110508 (47 1848

f 1 SIGNAL UNCER- (—;‘Bg a8

\ # TAINTY N
<4 REFLECTED

SIGNAL 37.18dB
PHASOR (VECTOR) I

Figure 3-3. SWR Autotester or Bridge
With 30 dB Return Loss |
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3-2.2 Test Port Match

The second characteristic of a directional
device that may cause inaccuracies in re-
turn loss measurements is the test port
match. The mismasch at the test port is a
summation of all the impedance discon-
tinuities as seen by the load, looking back
toward the source. The effects of this mis-
match are illustrated in Figure 3-4. In
the example shown, 100% of the incident
signal is reflected from the short or open
back to the SWR Autotester or bridge. Part
of this signal is re-reflected by the test
port back toward the short or open; the re-
maining part goes to the RF output port.
The signal that was re-reflected by the
test port is again reflected by the short or
open and goes to the RF output, where it
adds vectorially with the main reflection.
In a swept-frequency setup, since the re-
reflected signal has traveled farther than
the main signal, it adds inand out of phase.
Since the re-reflected signal is an error
signal, it causes an error in the measured
return loss value.

As shown in Figure 3-4, the reflected sig-
nal is reflected twice by the device under
test (DUT) and once by the test port. Con-

SWR AUTOTESTER OR BRIDGE

DIRECTIVITY
SIGNAL

S -,

_]j RF OUTPUT (BRIDGE)

AF INPUT ~ oR
[ INCIDENT ™\ / REFLECTED DETECTED OUTPUT
SIGNAL SIGNAL (SWR AUTOTESTER)

TEST PORT MISMATCH
=0.112 REFLECTION

COEFFICIENT
F ‘—FULLY REFLECTED SIGNAL

| —19dB RE-REFLECTED BY
MISMATCH AT TEST PORT
INCIDENT SIGNAL

OPEN OR SHORT
DEVICE UNDER TEST
(ouT)

0.92dB
. RE-REFLECTED 1.96 dB
J SIGNAL I UNCER-
TAINTY

REFLECTED 1.03 dB LOSS

SIGNAL

PHASOR (VECTOR)

Effects of Test Port
Match on a Fully
Reflected Signal

Figure 3-4.
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sequently, the magnitude of the error signal

is pTP x le x pDZ’ where pTP is the

reflection coefficient of the test port, pD

is the reflection coefficient of the DUT,
and the numerals 1 and 2 refer to the dif-
ferent times that the signal is reflected
from the DUT. Since Pp1 = Ppo- the
error formula due to test port match is
pTP b 4 pDz, or for the example shown in
Figure 3-4, .11p2.

The test port match error formula shows
that the error signal is highest when the
reflection coefficient is largest, and de-
creases as the reflection coefficient gets
smaller (load offers a better impedance
match). This characteristic is illustrated
by comparing the phasor diagram and
ripple sine wave of Figure 3-4 to those of
Figure 3-5. In Figure 3-4, the return
loss is 0 dB and in Figure 3-5 the return
loss is 20 dB. The significance of this is
that the error is largest when the return
loss signal is 0 dB (full reflection); this is
the reflection magnitude normally asso-
ciated with the return loss measurement
system calibration signal.

SWR AUTOTESTER OR BRIDGE

DIRECTIVITY
SIGNAL

i RF OUTPUT (BRIDGE)

RF INPUT OR
INCIDENT REFLECTED DETECTED OUTPUT
SIGNAL SIGNAL (SWR AUTOTESTER)

TEST PORT MISMATCH [
=0.112 REFLECTION 22 SWR

1.
COEFFICIENT I: REFLECTED lo.wRsnecnoucosmmem

| SIGNAL(E,) | 20 48 RETURN LOSS
40 4B RE-REFLECTED

INCIDENT SIGNAL - BY MISMATCH AT TEST PORT

v
X —NIN—

DEVICE UNDER TEST
(oum

< REREFLECTED J.

SIGNAL
T <0098 a8
REFLECTED 408
= siGNAL BELOWE,

PHASOR (VECTOR)

Effects of Test Port
Match ona 20 dB
Return Loss Signal

Figure 3-5.
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While this test port match error is signif-
icant when performing calibration tasks or
when making large return loss measure-
ments, it can be overcome. The Open/
Short Calibration Technique, described in
paragraph 3-5, compensates for this error
when calibrating the test setup for return
loss measurements.

The correlation between the values shown
for return loss, reflection coefficient, and
SWR was obtained from the Microwave
Measurement Chart. A description of this
valuable microwave measurement tool,
along with a discussion on how to use it,

is provided in Section IV.

3-3. TEST EQUIPMENT LIMITATIONS

In addition to directivity, described inpara-
graph 3-2.1, another factor that affects
the measurement of small reflections is
inadequate test equipment. The measure-
ment of small reflected signals requires
the use of an RF signal generator with a -
high signal output and an oscilloscope with
a high vertical sensitivity. For example,
assume a return loss measurement of 30
dB. Using a signal generator with an out-
put of 1V rms to supply the incident signal
resultsina reflected signal that is typically
only 600uV after detection. Consequently,
in order to display this small signal with
adequate vertical resolution, an oscillo-
scope with at least 100uV/cm vertical
sensitivity is required. However, if ac-
cessory equipment s.ch as a logarithmic
amplifier is available, measurements can
be made over RF power levels of -40 to
+20 dBm because of the dc gain provided
by the instrument.

3-4, EFFECTS OF ADAPTERS ON
RETURN LOSS MEASUREMENT
ACCURACY

When an adapter is used to adapt the test
port of an SWR Autotester or bridge to a
different connector sex or type, measure-
ment inaccuracies result. These inaccura-
cies are manifested through a reduction in
the effective directivity of the SWR Auto-

3-4

tester or bridge and a degradation in its
test port match.

The reduction in effective directivity
occurs because even if the test port were
terminated in a perfect impedance match
(no reflections), the adapter would still
reflect part of the incident signal. Conse-
quently, since the definition of directivity
is the ratio, in dB, of power at the output
port when the bridge is terminated in an
open (full reflection) divided by power at
the output port when the test port is ter-
minated in a perfect impedance (no reflec-
tion), the reflection from the adapter is an
error signal that reduces the effective di-
rectivity of the instrument (refer to para-
graph 3-2. 1 for an explanation of directivity).

The degradation in the test port match oc-
curs because the reflection from the device
under test (Zx in Figure 3-6) is re-reflected
from the mismatch of the adapter, as well
as being re-reflected from the mismatch at
the test port (refer to paragraph 3-2.2 for
an explanation of test port match re-reflec-
tions). When these two re-reflected signals
are added in phase, they degrade the effec-
tive test port match of the SWR Autotester
or bridge.

The examples in Figure 3-6 show how to
calculate the reduction in directivity and
the degradation to the test port match. As
shown, the dB values for directivity, adap-
ter return loss, and test port match are
converted to reflection coefficient values
(see Table 4-1) and are added together in
simple addition. This is a fast and easy
method for effectively adding in dB.

In the examples of Figure 3-6, an adapter
with a return loss of 32 dB (. 025 reflection
coeffieient), and a bridge with a directivity
of 36 dB and test port match of 19 dB (. 016
and . 112 reflection coefficients respectively)
are used. Their effect on directivity is
shown under the heading "EFFECTIVE
DIRECTIVITY, " where the reflection from
the adapter (. 025 reflection coefficient) is
added to the bridge directivity (. 016 reflec-
tion coefficient). The results of this addition
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show that the effective directivity is only
27.74 dB. This is 8.26 dB down from the
original 36 dB directivity value! The deg-
radation in test port match is shown under
the heading "TEST PORT MATCH. " Here,
the reflection coefficient of the adapter is
added to the reflection coefficient of the
test port to produce a test port reflection
coefficient of 0. 137 or a return loss of 17
dB--2 dB worse than before.

Itis informative to examine the error limits
with and without the adapter for a 20 dB
return loss measurement; this is shown in
the box of Figure 3-6. In this box, the
measurement is shown to be 20 dB, and the
error limits of the bridge alone, without
the adapter, are shown to have a range of
2.8 dB (from -1.3 dB to +1.5 dB). These
error limits are obtained from the Micro-
wave Measurement Chart, Table 4-1, and
they represent the error that is caused by
the directivity being only 16 dBgreaterthan
the measured signal (36 dBdirectivity minus
20dBmeasurement). Underthe "ADAPTER
ADDED" column in the box of Figure 3-86,

TEST PORT MATCH p=.112 (19 dB)

INPUT

N

BRIDGE
DIRECTIVITY
36 dB

ADAPTE

=|El

\

0 =

OUTPUT

EFFECTIVE DIRECTIVITY:

the error limits jump from an overall 2. 8
dB range to a 7.3 dB range. This jump is
caused by the directivity being only 7.74 dB
greaterthan the measured signal(27. 74 effec-
tive directivity minus 20 dB). As shown by
Table 4-1, this 7.74 dB (approximately 8 dB)
difference correlates to an error range of
7.3 dB, from -2.9 dB to +4.4 dB.

OPEN/SHORT REFERENCE-
REFLECTION AVERAGING: A
TECHNIQUE FOR REDUCING ERRORS
DUE TO TEST PORT MATCH

3-5.

Open/short reference-reflection averaging
describes a technique that can be used to
compensate for errorsdue totest port match.
In a typical measurement system the refer-
ence, or calibration, reflection is the 100%
reflected signal from the unconnected (open)
test port of an SWR Autotester or bridge.
As described in paragraph 3-2.2 (Test Port
Match), when the reflected signal is 100%
the test port match error is large. Since
return loss is a measurement of the ratio of
incident to reflected power (incident power

R WITH p=.025 (32 dB)

BRIDGE 2> .016 REFLECTION COEFFICIENT
ADAPTER 2> .025 REFLECTION COEFFICIENT
.041 > 27.74dB
TEST PORT MATCH
BRIDGE = .112 REFLECTION COEFFICIENT
ADAPTER => 025 REFLECTION COEFFICIENT
137 > 17dB
ERROR LIMITS OF A 20 dB MEASUREMENT
MEASUREMENT BRIDGE ONLY ADAPTER ADDED
20dB 18.7/21.5 dB 16.9/24.9 dB
-1.3TO+15dB —29TO+4.4dB
428dB 47.3dB
|
1
| ‘
Figure 3-6. Adapter Error Effects on Return Loss Measurements |
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is represented by the reference reflection),
if this error in the reference reflection is
not compensated, the accuracy of all future
measurements using that reference reflec-
tion will be affected.

Compensation for test port matcherror can
be achieved by averaging the reflections
from a precision open and short such as
the WILTRON Series 22 Open/Short, and
using this average for the reference re-
flection. This averaging technique is
effective because the reflection from a
precision open is exactly 180° out of phase
from the reflection from a precision short.
With this phase difference, the test port
match error component in the open is off-
set by the test port match error component
in the short; the average is equal to the
true value of a 100% reflected signal.

O Horiz.
-
Scope o

Model 610D | Plug-In
N RF Sweep RE L
(o]

og.
T o
Generator Out © Amplifier Vert.

o

SWR
Autotester
Or Bridge

RF Detector
(Bridge)

I o —

~<———(Qpen, Short, and Reference
Precision ——» Termination are applied
Adapter here for calibration
if
Required z Unknown
X | Impedance

Figure 3-7. Basic Test Setup for
Return Loss Measurements

For typical return loss measurement sys-
tems, such as the one shown in Figure 3-7,
open/short averaging is accomplished as
follows:

a. Connect the open termination to the test
port of the SWR Autotester or bridge.

b. Adjust the oscilloscope controls to ob-
tain a waveform similar to solid line A
of Figure 3-8; lightly trace the outlines
of this waveform on the face of the
oscilloscope.

. . A y
]SNQRT IOPEN c - ~

BT N e
‘ ACTUAL
f

FULL
REFLECTION

Figure 3-8. Signal Averaging With
Open/Short Terminations

c. Remove the open-termination from the
test port and install the short-termina-
tion in its place.

d. Observe the oscilloscope; the display
should resemble dotted line B of Figure
3-8. (Do not touch the oscilloscope
controls. )

e. Lightly trace the outlines of this wave-
form on the face of the oscilloscope.

NOTE

The magnitude of the worst-
case (fully-reflected) signal,
which includes the vector sum
of the test port match signal,
is now known.

f. On the face of the oscilloscope, trace a
third waveform that represents the aver-
age between the first two waveforms.

g. Erase the first two waveforms from the

oscilloscope face.

NOTE

The waveform that is drawn
on the face of the oscilloscope
represents a close approxima-
tion of the fully-reflected sig-
nal minus the effects of the
test port match error signal.

h. The reference reflection for future return

loss measurements has now been estab-
lished. When the reflectometer is used
for actual measurements, the reflected
signal is then measured relative to this
reference reflection.
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As described above, this technique is
simple and effective; however it has limi-
tations. Confusing factors, such as slope
in the frequency response and harmonics in
the input frequency, limit the technique's
ability to locate a true signal average.
These limitations, however, become negli-
gible when the technique is used with net-
work analyzers or other instruments having
alogarithmic display, suchasthe WILTRON
Model 560 Scalar Network Analyzer.

When used with the WILTRON Model 560,
the Open/Short Calibration Technique is
considerably simplified. The Model 560
contains a built-in memory; consequently,
instead of tracing the waveforms on the
display face and manually taking their aver-
age, the waveforms can be entered into
memory and their average taken automat-
ically.
3-6. PRECISION TYPE N and WSMA
CONNECTORS

Center-pin dimensions for precision Type

N connectors and technical information for
the improved WILTRON SMA (WSMA) con-
nector are provided in the following para-

graphs.

Center-Pin Dimensions for Precision
Type N Connectors

3-6.1

The WILTRON SWR Autotestersand bridges
that contain the letter '"N' in their model
numbers (63N75, 67N50, 97N50, etc.) are
equipped with a Type N test port connector.
For SWR Autotesters and bridges that op-
erate above 2 GHz, these Type N connec-
tors have precision center-pin dimensions,
as shown in Figure 3-9. For accurate re-
turn loss measurements, it is recommended
that the mating Type N connector have the
same nominal dimensions. These connectors
are available with either 502 or 752 impe-
dance. And while it is not the recommended
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+.000 +.002
-.002 -.000

Figure 3-9. Precision Type N Connector

Dimensions (Inches)

mode of operation, the 752 N female con-
nectors will withstand occasional mating
with 5022 male connectors without damage.
3-6.2 Improved SMA Connector: WSMA
SMA connectors are widely used throughout
the industry because of their small size
and broadband characteristics. However,
their low reliability in applications requir-
ing frequent reconnects has discouraged
their use on test components and instru-
ments. To meet the need for a connector
with longer life and greater accuracy in
instrumentation applications, WILTRON
has developed a new SMA-compatible con-
nector: the WSMA. When used as the test
port on reflection-measuring components,
the new connector provides a 20-fold im-
provement in life expectancy and a 10 dB
improvement in return loss measurement
accuracy.

To obtain additional information concerning
the WSMA connector, contact your local
representative or write WILTRON directly
for a copy of the technical paper ''New
WILTRON Connector Relieves Nagging
SMA Measurement Problems," November,
1978.
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Table 4-1. Microwave Measurement Chart

Conversion tables for Return Loss, Reflection Coefficient, and SWR
with tabular values for interactions of a small phasor x with a large phasor (unity reference)
expressed in dB related to reference. '
Relative to Unity Reference
| REF # x 1
Return X Peak to
Reflection Loss dB Below REF + x REF - x Peak Ripple
SWR Coefficient dB Reference dB dB dB’
17.3910 . 8913 b | 1 5.5350 -19,2715 24. 8065
8.7242 .7943 2 2 5.0780 -13.7365 18. 8145
5.8480 .7079 3 3 4.6495 -10. 6907 15. 3402
4.4194 . 6310 4 4 4.2489 -8.6585 12,9073
3.5698 . 5623 5 5 3.8755 =7..1713 11,0528
3.0095 .5012 6 6 3.5287 -6.0412 9. 5699
2.6146 . 4467 7 7 3.2075 -5. 1405 8.3480
2.3229 . 3981 8 8 2.9108 -4,.4096 7.3204
2.0999 . 3548 9 9 2.6376 -3.8063 6.4439
1.9250 .3162 10 10 2.3866 -3.3018 5.6884
1.7849 .2818 A 4 11 2.1567 -2.8756 5.0322
1.6709 <2512 12 12 1.9465 -2.5126 4.4590
1.5769 .2239 13 13 1.7547 -2,2013 3.9561
1,4985 . 1995 14 14 1.5802 -1.9331 3.5133
1.4326 . 1778 15 15 1.4216 -1.7007 3.1224
1,3767 . 1585 16 16 1,2778 -1.4988 2.7766
1.3290 . 1413 17 17 1.1476 -1,3227 2.4703
1.2880 . 1259 18 18 1.0299 -1.1687 2.1986
1.2528 . 1122 19 19 . 9237 -1.0337 1.9574
1.2222 . 1000 20 20 . 8279 -.9151 1.7430
1.1957 .0891 21 21 .7416 -.8108 1.5524
1.1726 .0794 22 22 . 6639 -.7189 1.3828
1.1524 .0708 23 23 . 5941 -.6378 1.2319
(1+X) 1.1347 .0631 24 24 .5314 -.5661 1.0975
_ » 1.1192 .0562 25 25 . 4752 -. 9027 . 9779
X b 1.1055 .0501 26 26 .4248 -.4466 .8714
\ / 1.0935 . 0447 27 27 .3796 -. 3969 .7765
Y 1.0829 .0398 28 28 . 3391 -.3529 .6919
1-%) 1.0736 . 0355 29 29 . 3028 -.3138 . 6166
1— 1.0653 .0316 30 30 .2704 -.2791 . 5495
(REF.) 1.0580 .0282 31 31 .2414 -.2483 . 4897
1.0515 . 0251 32 32 .2155 -.2210 . 4365
DECER . Lot me T me 2 rie arst 3467
INTERACTION 1.0362 .0178 35 35 . 1531 -.1558 . 3090
1.0322 .0158 36 36 . 1366 -.1388 .2753
1.0287 .0141 37 37 . 1218 -.1236 .2454
1,0255 .0126 38 38 . 1087 -.1100 .2187
1.0227 .0112 39 39 . 0969 -.0980 . 1949
1. 0202 .0100 40 40 .0864 -.0873 1737
1.0180 .0089 41 41 L0771 -.0778 . 1548
1.0160 . 0079 42 42 .0687 -.0693 . 1380
1,0143 .0071 43 43 .0613 -.0617 . 1230
1.0127 .0063 44 44 . 0546 -.0550 . 1096
1.0113 . 0056 45 45 . 0487 -.0490 . 0977
1.0101 . 0050 46 46 . 0434 -.0436 .0871
1.0090 . 0045 47 47 .0387 ~-.0389 .0776
1.0080 . 0040 48 48 . 0345 -.0346 . 0692
1.0071 . 0035 49 49 .0308 -.0309 . 0616
1,0063 .0032 50 50 .0274 -.0275 . 0549
1,0057 .0028 51 51 . 0244 -.0245 . 0490
1.0050 . 0025 52 52 .0218 -.0218 . 0436
1.0045 . 0022 53 53 .0194 -.0195 .0389
1.0040 . 0020 54 54 .0173 -.0173 . 0347
1.0036 .0018 55 55 .0154 -.0155 . 0309
1.0032 .0016 56 56 .0138 -.0138 . 0275
1.0028 .0014 57 57 .0123 -.0123 . 0245
1,0025 .0013 58 58 .0109 -.0109 . 0219
1.0022 .0011 59 59 . 0097 -.0098 .0195
1,0020 .0010 60 60 . 0087 -.0087 .0174
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SECTION IV
MICROWAVE MEASUREMENT CHART

4-1. INTRODUCTION

This section contains the WILTRON Micro-
wave Measurement Chart, plus a descrip-
tion and two examples of its application.

4-2. DESCRIPTION

The Microwave Measurement Chart, Table
4-1, is a product of the WILTRON Micro-
wave Laboratory. This chart was designed
primarily to be used with the magnified
reflection technique described in paragraph
2-4.3. It can also be used (1) to provide
easy conversion from any one microwave
measurement value to any other (i.e, re-
turn loss, SWR, and reflection coefficient),
(2) to define the limits of the test port
match error signal, and (3) to define the
limits of the directivity error signal. Ap-
plication information and examples showing
how to use the chart are provided in para-
graph 4-3. ’

This chart replaces the SWR nomographs
previously suppliez.

4-3. APPLICATIONS

The Microwave Measurement Chart is a
very useful tool for microwave measure-
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ment applications. The chart may be used
several ways, but it is mainly used for the
magnified-reflection technique, described
in paragraph 2-4.3. In this application,
the chart is used to convert a ripple value
measured on a logarithmic display to a
value, in dB, below the reference reflec-
tion. The technique for analyzing the
ripple waveform and using the chart to ex-
tract the needed information is described
in paragraph 2-4.5. The following examples
show how the chart may be used to define
measurement-uncertainty limits caused by
directivity and test port match.

4-3.1 Defining Measurement-Uncertainty

Limits Due to Directivity

A device with a 20 dB return loss is meas-
ured using an SWR Autotester or bridge
that has a directivity of 35 dB. The dif-
ference between these two values is 15 dB.
Refer to Table 4-1 and the column headed
"x dB Below Reference.' The difference
value of 15 dBcorrelates tovalues of 1.4216
and -1.7007 in the columns headed "REF +
x dB" and "REF - x dB' respectively. These
values represent the uncertainty limits of
the measurement. Since the measurement
is in -dB, the uncertainty limits are 20 dB
minus 1.4216 and 20 dB plus 1.7007 dB.
Consequently, a measured return loss of
20 dB will, in actuality, fall somewhere
between -18.78 and -21. 70 dB.




4-3.2 Defining Measurement-Uncertainty
Limits Due to Test Port Match

An SWR Autotester or bridge with a test
port match of #. 11p2 is used to measure a
return loss of 3 dB. The first step in de-
fining the measurement-uncertainty limits
due to test port match is to translate the
return loss value, 3 dB, into a reflection
coefficient value. Refer to Table 4-1 and
the column headed '"Return Loss, dB."
From this table it can be seen that 3 dB
correlates to a reflection coefficient of
.7079. To determine uncertainty limits,

the reflection coefficient of the device under
test is squared (pz) and multiplied by the
reflection coefficient of the test port (. 11).
The result of this multiplication is . 0551.
Again, by using Table 4-1 it can be seen
that the nearest valueto. 0551, inthe column
headed ""Reflection Coefficient, " is . 0562.
This number, .0562, correlates to .4752
and -. 5027 in the columns headed "REF +
dB" and "REF - dB" respectively. Since
the measurement is return loss (-dB), the
measurement-uncertainties due to test port
match can result in measurement errors
of approximately -.48 and +.5 dB--an
error range of approximately 1 dB.
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SECTION V
THEORY OF OPERATION

5-1. INTRODUCTION

This section of the manual describes how
the SWR Autotesters and bridges operate.
The following discussion is intended only
to acquaint the user with the measurement
concept employed, and therefore does not
include a mathematical analysis.

5-2. DESCRIPTION

A simplified diagram of a typical SWR
bridge is shown in Figure 5-1. The Auto-
tester is identical to the bridge, except
that the Autotester has a built-in RF
detector. The output of an RF generator
is applied to the bridge circuit formed
by Ra, Rb, Rec, and Zx. Zdet is the
input impedance of the RF detector and
Zo is the output impedance of the RF gen-
erator. Resistances Ra, Rb, and Rc are
precision resistors of a value equal to the
specified bridge impedance (usually 50 or
75 ohms). When the impedance of the de-
vice under test, Zx, is exactly equal to the
bridge impedance, the voltage across the
RF detector is zero. This occurs because

SWR Bridge

equal voltages are present across Ra, Rb,
Rc, and Zx.

When the impedance of the device under
test is either higher or lower than the
bridge impedance, a voltage is applied to
the RF detector that is proportional to the

impedance ratio of Zx to Zbridge. Since
Z Z, .
SWR = —=% or Zbrldge
bridge b’e

(whichever is greater), the detected RF
output is proportional to the SWR of the
device under test.

SWR is related to other transmission line
measurements such as reflection coefficient,
return loss in dB, etc., as shown in the
Microwave Measurement Chart, Table 4-1.

The DC output voltage from the RF detector
may be applied to a suitable test instrument
such as an oscilloscope or network analyzer.
If a sweep generator is used for the RF
source, the oscilloscope displays the SWR
of the device under test as a function of
frequency.

<
RF

Device under

Generator

Figure 5-1.
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Notes:

Ra = Rb = Rc = Zo = Zdet

SWR Bridge, Simplified Schematic Diagram
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Table 6-1.

Recommended Test Equipment for Directivity

Measurements Above 2 GHz

INSTRUMENT

REQUIRED
CHARACTERISTICS

RECOMMENDED
MANUFACTURER

SWEEP GENERATOR

LOGARITHMIC DISPLAY

Leveled Output
Frequency Range: 2 to 18 GHz

Vertical Sensitivity: 0.5 dB
per division
Variable Offset Control

WILTRON Model 610D with
Model 6237D RF Plug-In

WILTRON Model 560 Scalar
Network Analyzer

Table 6-2. Recommended Microwave Components for
Directivity Measurements Above 2 GHz
TEST PORT
CONNECTOR TYPE AIR LINE OFFSET
GPC-7 18A50 29A50-20
Type N (509) 18N50 29A50-20
SMA 19S50 29S550-20
Table 6-3. Recommended Test Equipment for Directivity
Measurements Below 2 GHz
REQUIRED RECOMMENDED
INSTRUMENT CHARACTERISTICS MANUFACTURER

SWEEP GENERATOR

LOGARITHMIC AMPLIFIER*

OSCILLOSCOPE*

STEP ATTENUATOR

Leveled Output
Frequency Range: 10 MHz to
4.2 GHz

50 dB Gain
Calibrated Offset

Vertical Sensitivity: 1 OuV/d iv

0 to 50 dB in 1 dB steps

WILTRON Model 610D with
Model 6213D RF Plug-In

WILTRON Model 501B
Logarithmic Level Meter

Tektronix 5110 with 5A22N
Differential Amplifier

Weinschel, Model AC-117A-
69-43

* An Oscilloscope may be used instead of a Logarithmic Amplifier.

Table 6-4.

Recommended Microwave Components for
Directivity Measurements Below 2 GHz

TEST PORT CONNECTOR TERMINATION
GPC-17 28A50-1
Type N (509) 26N 50
28S50-1 or
o 28SF50-1
GR900 (50%) 26G50
Type N (759) 26N75
GR900 (75%) 26G75
BNC (75%9) 26G75

6-0

6-58-60/62-64/67/87/97-OMM




SECTION VI
PERFORMANCE CHECKS AND MAINTENANCE

6-1. INTRODUCTION

This section contains information needed
for checking the performance of SWR Auto-
testers and bridges. The overall per-
formance of these two instruments can be
evaluated by measuring directivity and, on
the SWR Autotester, checking waveform
fidelity at the detector output port. If the
directivity is within specification and if the
instrument exhibits the correct waveform
patterns when the Open/Short Reference-
Reflection Averaging Technique (paragraph
3-5) is performed, the instrument is func-
tioning properly.

6-2. DIRECTIVITY MEASUREMENTS

The techniques used to measure directivity
are variations of the techniques used to
measure return loss described in Section
II. And, like those techniques, the tech-
niques used to measure directivity are fre-
quency-limited. Above approximately

2 GHz, the air line technique is used; below
2 GHz, a direct method is employed. The
cross-over frequency of 2 GHz has been
selected to provide a means of categorizing
the two measurement methods. Actually,
between 1 GHz and 2 GHz either technique
may be used satisfactorily.
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Measurement methods using the air line are
low-frequency limited primarily because of
the air line characteristics. For example,

below 2 GHz:

the RF wavelength becomes long
with respect to the air line length,
and the peaks and troughs of the
ripple are spaced too far apart to
permit effective averaging (ripple
frequency too low).

any bow or sag in either the center
or outer conductor looks like a
lumped-impedance change and
causes an impedance mismatch. A
bow or sag above 2 GHz also creates
an impedance change, but at the
higher frequencies, the change acts
like an impedance transformer.
The effective impedance change is
tapered, rather than lumped.

The two methods of measuring directivity
are discussed in the following paragraphs.
The test equipment and microwave com-
ponents recommended for use in making
these measurements are listed in Tables
6-1 thru 6-4 (opposite page).




6-2.1 Measuring Directivity Above 2 GHz

Figure 6-1 shows a test setupand Table 6-5
presents a procedure for measuring the
directivity of an SWR Bridge above 2 GHz.
The test setup is similar to the ripple-
averaging setup in Figure 2-4, except for
the following differences:

a.

6-2

The beadless end of the air line is con-

nected to the test port of the bridge in-

stead of to the device under test. This
is because the bridge itself is the object
of measurement.

. A 20 dB offset termination replaces the

device under test on the end of the air
line opposite the bridge. Using a 20 dB
offset provides a reflected signal with a
known return loss value.

The procedure in Table 6-5 uses the ripple-
averaging technique (paragraph 2-4.2) to
measure bridge directivity. The difference
between the directivity measurement and a
standard ripple-averaging measurement
lies in ripple pattern interpretation. In
ripple-averaging measurements, the aver-
age of the waveform is extracted to provide
measurement data. In directivity measure-
ments, however, the average value of the
ripple pattern is the value of the offset:
approximately 20 dB. What has to be meas-
ured is the peak-to-peak value of the ripple
itself. When the Microwave Measurement
Chart (Table 4-1) is used, the peak-to-peak
value of the ripple can be used to find the
bridge directivity figure. This is accom-
plished inthe same manner as was described
for the magnified reflection technique in
paragraph 2-5.4

+6V BLANKING DURING RETRACE

SEQ SYNC

MODEL 610D
RF SWEEP GENERATOR.

— ¢ ¢

MODEL 560 SCALAR
NETWORK ANALYZER

l';i_l 9 [ )
9:gge -« .
"o [l g . )
HORIZONTAL VERT OUT
SWR BRIDGE
560-7N50
— 0~ AT
BEADLESS
END
AIR LINE

20dB OFFSET-
TERMINATION

Figure 6-1. Test Setup for Measuring Directivity
Above 2 GHz (Air Line Method)
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Table 6-5. Air Line Method of Measuring Directivity

1. Connect equipment as shown in Figure (1) Adjust OFFSET control for
6-1, but do not connect the offset to the 00.0 dB, as indicated on
beaded end of the air line. OFFSET dB display.

2. Set front panel controls: (2) Adjust ZERO dB SET control to

center trace on display.
Model 610D Mainframe:
NOTE
VAR FREQ MARKER: INTENSITY
AMPLITUDE: Fully CCW The horizontal line that is
SWEEP MODE: LINE SYNC selected to display the 0 dB
SWEEP TIME (SEC): 1 - .1 reference is arbitrary. This
SWEEP TIME VERNIER: CAL line is a point of personal
FREQ SELECTOR: F1 TO F2 preference. For this proce-
RETRACE RF: OFF dure, the centerline will be
F1: Low frequency of interest used as the reference point.
F2: High frequency of interest
VAR FREQ MKR: Midrange (3) Decrease dB PER DIVISION
LEVELING: INT setting to obtain a maximum
POWER: ON vertical deflection.
RF Plug-In: (4) On RF Plug-In, adjust SLOPE
control to provide a level wave-
RF: ON form.
RF POWER LEVEL: Fully CW
FREQ RANGE (same models): Full (5) Depress MEMORY-STORE
TRACE pushbutton.
Model 560:
c. Remove open; connect short in its
CHANNEL A: ON place.
INPUT: A
MEMORY: OFF d. On Model 560, Channel A MEMORY:
dB PER DIVISION: 10
REFERENCE: Depress to light dB (1) Depress AVG pushbutton:
lamp
CHANNEL B: OFF NOTE
DISPLAY MODE: REFRESH
SMOOTING: OFF In the following step, do not
POWER: ON depress the STORE TRACE
pushbutton more than once.

3. Calibrate Channel A and store return If depressed more than once,
loss 0 dB reference data in memory. the correct calibration data
Proceed as follows: will be erased from memory,

and erroneous data will be
a. Connect open to beaded end of air stored in its place.
line.
(2) Depress STORE TRACE push-
b. On Model 560, Channel A: button once.
6-58-60/62-64/67/87/97-OMM 6-3




Table 6-5. Air Line Method of Measuring Directivity (Continued)

(3) Depress SUBTRACT pushbutton.
e. Remove short.

4. Perform directivity measurement as
follows:

a. Connect offset to beaded end of air
line.

b. On Model 560:

(1) Adjust Channel A OFFSET
control to bring waveform
pattern onto display.

(2) Depress the required Channel A
dB PER DIVISION pushbutton to
provide a ripple pattern with
good resolution.

NOTE

Insure that SMOOTHING control
is off (OFF indicator is lit).

(3) Observe the displayed waveform
and note the point where the
peak-to-peak ripple has the
greatest amplitude.

(4) Adjust Channel A OFFSET to
align the average value of the
maximum peak-to-peak ripple
on the reference (centerline).

(5) Note the value of the OFFSET
dB display; this is the actual
value of the offset-termination
that is connected to the air
line.

(6) Measure the peak-to-peak value
of maximum ripple (the point
noted in step (3) above). Using
the process described in para-
graph 2-4.5, convert this value
into the SWR bridge's directivity
value.

6-2.2 Measuring Directivity Below 2 GHz

At frequencies below 2 GHz, directivity is

measured using a direct rather than an air
line method. Tw~ techniques employing the
directmethod are presented in this manual.
Both techniques require the use of a preci-
sion termination that will produce a return
loss signal at least 10 dB greater than the

signal caused by directivity. The termina-
tions listed in Table 6-4 have a return loss
that is typically 50 dB.

The recommended procedure for directly
measuring directivity is the low-level
measurement procedure discussed in para-
graph 2-6. This procedure employs the
WILTRON Model 501B Logarithmic Level
Meter in a precision measurement of the
directivity signal. The Model 501B is
recommended for the directivity measure-
ment for the following two reasons: (1) it
provides approximately 40 dB of gain to
allow the extremely low-level (approxi-

6-4

mately -40 dBm) signal to be measured at
a convenient level of oscilloscope amplifi-
cation, and (2) it provides a logarithmic in-
put for the oscilloscope. The oscilloscope
display that this input provides, when the
Model 501B front panel controls are prop-
erly set, allows the bridge directivity, in
dB, to be read directly from the OFFSET
control indicator of the Model 501B.

Figure 6-2 shows a test setup that uses an
alternate method for measuring directivity
below 2 GHz; the procedure using this test
setup is presented in Table 6-6.

This procedure is applicable to both SWR
Autotesters and bridges. In this procedure,
the vertical amplifier of the oscilloscope is
calibrated for an input power level equal to
the specified directivity of the SWR Auto-
tester or bridge. The measured directivity
of the SWR Autotester or bridge is then
compared with that of the reference to de-
termine if directivity is within specification.
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MODEL 610D/6213D SWEEP GENERATOR o] osciLLoscore
D) © ° ° o & WiTH verTicAL
oo 00| o  Felole] e
M . > - °§,o ) E GREATER

STEP ATTENUATOR @‘ RF DETECTOR
r (BRIDGE)
SWRD:UBTRDIE[E;SETER {_ ______ o - —
5
~
]
E TERMINATION
=~ 50 8
Figure 6-2. Equipment Setup for Direct, Go/No-Go Method
Table 6-6. Direct, Go/No-Go Method of Measuring Directivity
1. Connect equipment as shown in Figure Oscilloscope:
6-2, but do not connect termination to
test port. Vertical Input: DC
Vertical Input Polarity: Positive (+)
2. Position front panel controls: Vertical Sensitivity: 10uV/division
Horizontal Input: External (sweep

Model 610D Mainframe: off)

Horizontal Sensitivity: 1V /division
VAR FREQ MARKER: INTENSITY Power: On
AMPLITUDE: Fully CCW
SWEEP MODE: LINE SYNC Step Attenuator:
SWEEP TIME (SEC): .1 - .01
SWEEP TIME VERNIER: CAL 0 dB
FREQ SELECTOR: F1 TO F2
F1: Low frequency of interest 3. On Step Attenuator, position control to
F2: High frequency of interest a dB setting equal to the SWR Auto-
VAR FREQ MKR: Midrange tester or bridge directivity specified
LEVELING: INT in specification sheet, i.e., if speci-
POWER: ON fied directivity is 42 dB, position

attenuation control to 42 dB.

RF Plug-In:

FREQUENCY RANGE: 10 MHz to
4.2 GHz

RF POWER LEVEL: MAX

RF: ON
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Table 6-6. Direct, Go/No-Go Method of Measuring Directivity (Continued)

‘4. On oscilloscope, adjust vertical con-
trol(s) to position the frequency plot
(see below) on a convenient reference
line.

RETRACE ——

BANDSWITCH —>
N g ~

Reflected Power

Frequency —— —— »

5. Connect termination to the test port

of the SWR Autotester or bridge.

. On Step Attenuator, position control

to 0 dB.

. Observe the display on the oscillo-

scope. If the measured directivity
signal is above the reference line,
the directivity exceeds the specified
value. Conversely, if the measured
directivity signal is below the refer-
ence line, the directivity measure-
ment is not within specification.

6-3. MAINTENANCE
6-3.1 Adjustments

It is recommended that no adjustments or
maintenance other than cleaning be attempted
by the customer. The instrument should
be returned to WILTRON for repair and/or
service when needed.

6-3.2 Cleaning

Connector interfaces--especially the outer
conductors on the GPC-7, GR900, and SMA
connectors--should be kept clean and free
of dirt and other debris. Alcohol is the
recommended cleaning agent, and a clean,

6-6

damp cotton swab is the recommended ap-
plicator.

% CAUTION g

On some models of SWR
Autotesters and bridges,

the test port connector has
small plastic rings located
on the center conductor.
These rings are compen-
sating washers and their
position on the center con-
ductor must not be disturbed.
Any movement of these
washers will degrade the
directivity of the instrument.
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nents and test instruments made by WILTRON.
For additional information on any of the
products shown, call your local sales rep-
resentative or contact WILTRON directly.

This section contains a general description
and specifications for accessory RF compo-

APPENDIX
ACCESSORIES
A-1. GE.NERAL

6-58-60/62-64/67/87/97-OMM




L] Simultaneous measurement of transmission loss or gain, return
loss (SWR), or absolute power
° GPIB programmablility l
° 10 MHz to 34 GHz range
° 40 dB directivity from 10 MHz to 18 GHz
® 66 dB (+16 dBm to —50 dBm) dynamic range
L] Memory enhanced accuracy l
L Low Cost
Network Analyzer |
MODEL 560
==.=- ° Automated measurement of return loss (SWR), transmission loss or l
. 3 gain, or absolute power
T Es g:z "q e 66 dB dynamic range with —50 dBm sensitivity '
\ qz3 W ® 10 MHz to 18 GHz range
l—=—xxx ®  40dB directivity from 10 MHz to 18 GHz ‘
| 66 0 ' ° - ° All required instruments, software and accessories for immediate
g I operation on GPIB
| (B o ° Hardcopy output of computer corrected data
” oy e User-oriented measurement software
e Low price

Automated Network Analysis System
MODEL 5610

A complete RF test system for swept frequency presentation of Trans-

mission Gain or Lossand Reflection (Return Loss). The System consists of:

) Swept Frequency Generator 1-1500 MHz in one continuous sweep,
10mW leveled output; includes crystal-controlled markers with 1,5
25, 100 MHz spacing.

° Log Amplifier including built-in RF detector for measuring trans-
mission gain or loss with greater than 70 dB dynamic range.

® Log Amplifier including built-in SWR Autotester with better than
40 dB directivity for measuring return loss (SWR).

®  Oscilloscope Display is wide screen, 8 x 10 divisions, calibrated verti-
cally for level, dB/division; horizontally for frequency, MHz/division.

.

RF Analyzer
MODEL 640

Frequency Sweep Variable Modu- Frequency
Model Range Time Marker lation Control

610D 100 kHz 0.01 — 1% FM, AM, Slide rule
to 40 GHz 100 sec. Accurate 1 kHz dial, start-
(with appropriate plug-ins) stop, AF, CW

Plug-In Frequency Max. Level Max. Int. Level Slope
Model Range GHz Output Variation (dB) Control

6213D 0.014.2 8 mW (+9 dBm) +0.4 Yes
6247D-7.5 0.01-18.5 7.5 mW (+8.7 dBm) +1.0 Yes
6237D-15 2.0-185 15 mW (+11.7 dBm) 0,9 Yes
6126D 3783 10 mW (+10dBm) +0.5 Yes
6223D 4.0-12.4 10 mW (+10dBm) +0.5 Yes
6130D 12.4-185 10 mW (+10dBm) +0.5 Yes
6136D-1 18.0-26.5 3mW (+4.7 dBm) - Yes
6140D-1 26.5-40.0 1mW ( 0dBm) - Yes

Sweep Generator
MODEL 610D

Frequency
Range Sensi- Dynamic Calibrated Calibrated
Model Swept or CW tivity Range Offset DC Output

501 .01 — 34GHz —40dBm —40dBm to+20dBm Morethan 10,5,2,1
detector 90 dB or0.5dB
dependent per volt

Logarithmic Level Meter
Model 501

Differential or

Option 16 adds GPIB frequency programming. i

Frequency Single Ended Readout Input
v Model Range Inputs Method Levels
350 10 Hz — 2 MHz Single Ended Meter 1mV — 400 V
351 10 Hz — 2 MHz Single Ended Meter 1mV — 400V
or Differential
352 0.5 Hz — 500 kHz Single Ended Meter 1mV — 400 vV
iffi tial
Differential Input Phase Meter o -
del 351 355B 10 Hz — 2 MHz Single Ended Digital 1mV — 400V \

or Differential |
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Series Description Impedance F Directivity
63 Highest 50 & 10 — 4000 MHz 46 dB
Performance 759 10 — 2000 MHz
67 Inexpensive 50 & 10 — 1000 MHz 40dB
750 10 — 1000 MHz
97A GPC-7 500 .01 - 18 GHz 40dB
SWR Autotester 97N Type N 509 .01 —18 GHz 38dB
Model 97A50 97s WSMA® 509 .01 —18 GHz 38dB
59A50 4-Port 509 .01 - 18 GHz 36dB
60dB*
*Used in Magnified Measurement System
Series Description Impedance Fi y Di ity
a W 68 Baseband to RF 50 & 50 kHz — 32 MHz 50dB
roadband R Bridge
Model 87A50 759 50 kHz — 32 MHz 50dB
62 Inexpensive 50 & 10 — 1000 MHz 40dB
SWR Bridge - 759 10 — 1000 MHz 40dB
60 Wideband 500 5 — 2000 MHz 46 dB
64 Extended C band 5082 3—-8GHz 42dB
65 Extended X band 509 7 —12.4GHz 40dB
69 X and Ku bands 500 8 — 18 GHz 39dB
87 Broadband 500 2—18GHz 38 dB
Precision SWR Bridge 66A  GRO00 Test Port 50 & 750 5 — 50 MHz 60dB
Model 66G75U
66B  GR900 Test Port 50 & 750 50 — 200 MHz 60 dB
66V GR900 Test Port 50 & 756Q 200 — 400 MHz 60dB
66U GR900 Test Port 50 & 75Q 400 — 1000 MHz 60dB
66L  GR900 Test Port 50 & 75Q 1000 — 2000 MHz 52dB
58A50 4-Port 500 2—-18GHz 35dB
60dB*
*Used in Magnified Measurement System.
4-Port SWR Bridge
Model 58A50
/ Series C Fr y SWR
26G GR900 50 & 759 DC — 8.0 GHz 1.002
268 BNC 75Q DC— 2.0GHz 1.002
26N N 50 & 75Q DC — 18.0 GHz 1.002
Precision Termination 28A GPC-7 5002 DC — 18.0 GHz 1.02
Model 26G75 @
28S WSMA 500 DC — 26.0 GHz 1.03
Series C Imped F y SWR
16G GR900 50 & 750 04— 8 GHz 1.002
18A GPC-17 500 2.0 —18.0 GHz 1.002
e s2ip 18N N 500 2.0 -18.0 GHz 1.004
Precision Airline 0]
Model 18A50 198 WSMA' 500 2.0-26.5GHz 1.006
Series Ci ] d. Fi Y SWR
: 32GN GR900-N 50 & 75Q DC — 8.0GHz 1.003
32GB GR900-BNC 50 & 75Q DC — 2.0GHz 1.003
34AN GPC-7-N 500 DC — 18.0 GHz 1.004
34AS GPC-7-WSM 500 DC — 18.0 GHz 1.03
Precision Adapter 34NN Beadless N-N 300 DC — 18.0 GHz 1.02
Model 32GNF75 [0}
34NS N-WSMA 500 DC — 18.0 GHz 1.10
Frequency Connectors
(-Igi ml Model Type Range Input Output Flatness
General Purpose RF Detector 70 S50 Wide- 10 MHz— WSMA@ SMB +0.6dB to
lodel 71B50 band 34 GHz Male Male 18.5 GHz
71B50  General 100 kHz — BNC BNC +0.5dB
Purpose 3 GHz Male Female
74 N50 Wide- 10 MHz — N BNC 0.2 dB/octave
band 12.4 GHz Male Female 10 MHz — 8 GHz,
Wideband RF Detector +0.5 dB overall
Model 74N50 75 AS0  Wide- 10MHz— GPC-7  BNC
band 18.5 GHz Female +0.5 dB to
75 N50 Wide- 10 MHz — N BNC 12.4 GHz,
band 18.5 GHz Male Fermale +1dB to
76550  Wide- 10MHz—  SMA BNC 18.5 GHz
Widebind RF Dstéctor band 18.5 GHz Male Female
Model 70S50
@wiltron Designed Precision SMA Connector
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