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A History of Automatic Microwave

James Fitzpatrick
Network Measurement Division
Hewlett Packard
Santa Rosa, CA

Network Analyzers

Introduction

To keep this report within man-
ageable boundaries, it will be li-
mited to network analyzer sys-
tems that have either been offered
commercially and/or manufac-
tured in significant numbers (more
than 20) since 1960 in the U.S..
This will not credit a large number
of early researchers and one-of-
a-kind systems, but all those from
Nyquist of Bell Labs in 1930
through 1976 have already been
very effectively catalogued in Bob
Beatty’s NBS Monograph 151-
“Automatic Measurement of Net-
work Parameters—A Survey”.

Also, except for a few introduc-
tory remarks about the first com-
mercial manual vector network
analyzersof the mid 60’s, the sur-
vey will focus on computer con-
trolled systems.

The First Manual
Vector Instruments

The first microwave vector
network analyzers were available
commercially from Rantec of
Calabasas, CA. Based on the work
Cohn, Oltman and Weinhouse' in
the early 60’'s, these systems
employed a balanced modulator
to amplitude modulate a micro-
wave source. These systems were
dependent upon components like
waveguide E-H tees and couplers
to develop 90° phase differences.
Due to the narrowband nature of
these components, the Rantec
ET210 systems (Figure 1) as well
as others developed in the mid
60’'s by Peter Lacy of Wiltron (Mt.
View, CA), and Andrew Alford of
Alford (Winchester, MA) (Figure

APRIL — 1982

Fig. 1 Rantec Model ET210CX multifunc-
tion test system (network analyzer).

2), were available only as octave-
wide instruments.

Meanwhile at HP, the first
broadband instrument capable of
measuring phase from 1 MHz to 1
GHz (HP8405A) was introduced
in 1965° It utilized a sampling
type harmonic mixing scheme
which phase locked a harmonic
of a low frequency VCO to the
reference channel high frequency
signal.

This led to the announcement
two years later® of the HP 8410A,
MHz to 12.4 GHz without chang-
ing components in the receiver.
The microwave sources of that
eraweredependent on BWO tubes
of octave bandwidth, necessitat-
ing source switching for multi-
octave operation above 2 GHz.
Full utilization of the broadband
swept receiver capability at mic-
rowave frequencies had to wait

until the multi-octave solid-state
(Figure 3) a broadband network

analyzer capable of measuring
reflection and transmission coef-
ficients on a swept basis from 110

sources of the mid 70’s. Nonethe-
less, there was considerable eco-
nomic appeal in a microwave
network analyzer capable of 7
octave operation for about the
cost of the other single octave
manual instruments.

Before we proceed with the
computer-based systems, we
should single out the efforts of
Dan Leed at Bell Labs, Holmdel,

Fig. 2 Alford Automatic Plotter — for
measurement of phase shift, attenuation
and impedance.



NJ in the early 60’s. His work with
a manual 250 MHz network ana-
lyzer was followed by the devel-
opment of a 4.2 GHz system to
characterize transistors. This
work®, published in 1965, was the
first vector measuring system that
used the concept of an “error
model” and a computer for accu-
racy enhancement. He abandoned
efforts to make a “perfect” meas-
uring jig or fixture at 4.2 GHz and
instead pre-characterized the
errors due to the fixture using a
series of known devices. He fed
this characterization, as well as the
uncorrected data on the transis-
tors, into a separate large stand-
alone computer for error correc-
tion.

The First Computerized Network
Analyzers at Bell Labs and HP

This concept of error modeling
was expanded both at Bell Labs
and Hewlett Packard, in the 1966-
1968 time frame, to include the
computer as an integral part of
the measuring system.

The Bell System approach used
the DEC PDP-8 in their COTMS
(Computer-Operated Transmis-
sion Measuring Set) operating
from 50 Hz to 250 MHz. In this
frequency range, the major Bell
concern was the precise charac-
terization of transmission compo-
nents. Intheircommunication sys-
tems large numbers of these com-

ponents were operated in cascade
making extremely small distortions
(like .001 dB and .01° variations
versus frequency) significant. Key
toachieving this ultra-high resolu-
tion was the utilization of “micro-
belling”. (Figure 4) To eliminate
effects of measuring system drift,
a stable standard was compared
on a continuous basis. Other key
contributors to COTMS were
Evans, Geldart, Haynie, Hemp-
stead, and Rosenfeld.

Fig. 3 The HP 8410 receiver - an ANA
building block.

Meanwhile at HP, the latter
stages of the development of the
8410A network analyzer® in 1966-
67 was coincident with the intro-
duction of Hewlett Packard’s first
mini-computer—the 2116A.

The concept of real-time com-
puter error-correction was
employed in the first commercial
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Fig. 4 Block diagram of the first BTL COTMS.

automatic network analyzer—the
HP 8540A—sold to Microwave
Associatesin 1967. Inits frequency
range (up to 12.4 GHz) the re-
quirement for computeraccuracy
enhancement was very clear.
Broadband couplers were capa-
ble of only 25 dB directivity. Mis-
match error effects associated with
20 dB source and load matches
caused errors of 1 dB or more
when characterizing high reflec-
tion devices like transistors.

Then as now, the desire for
equivalent directivity of 45dB or
more and transmission accuracies
of 0.1 dB and 1° measuring at the
0-20 dB insertion loss/gain level
was a very strong motivation to
adopt computer error correction
techniques. Rapid acceptance by
the microwave industry led HP to
continue development of the mic-
rowave ANA. Early systems were
built on a custom order basis,
briefly designated HP 8541A, as
the system evolved from reed relay
programmed BWO sources using
BCD voltmeters as A-D conver-
ters. The HP system designation
stabilized as Model 8542A for a
period of four years from 1969-73.
Key contributors to this evolution
of the HP 8540A up to the 8542A
were Hackborn, Ray, Adam and
Bodway. During this time, the HP
minicomputer used went from HP
2116Ato2115At02116Bto2114A.
Likewise, the option of phase-
locking the microwave source to
a harmonic of a VHF synthesizer
(HP 5105A) allowed the system
both excellent frequency accuracy
and freedom from arandom meas-
urementerror known as harmonic
skip. This error results when dif-
ferent harmonics of the receiver
VCO are chosen by the phase
lock loop between calibration and
measurement. Because the local
oscillator power level applied to
the sampling mixer varies between
the time when the reference is
stored and later measurements,
non-repeatabilities of upto 0.2dB
can be observed.

ANA'’s of the Early 70’s
Another HP automatic system,
designated the 8543A, was con-
figured around the HP 8407A 100
kHz-110 MHz network analyzer.
This system attempted to achieve
the accuracies of COTMS using
[Continued on page 46]
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0.1 to 2000 MHz
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AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY
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n e rugged 1% in. sg. case

¢ 4 connector choices
BNC, TNC, SMA and Type N

 connector intermixing male
BNC, and Type N available

n * low insertion loss, 1.5 dB
» flat coupling, =1.0 dB

n ZFDC 20-5 SPECIFICATIONS

FREQUENCY (MHz) 0.1-2000

COUPLING, db 19.5
INSERTION-LOSS, dB TYP.  MAX.
one octave band edge 0.8 14
total range 15 2.3
DIRECTIVITY dB TYP. MIN.
low range 30 20
mid range 27 20
upper range 22 10

IMPEDANCE 50 ohms

curves refer to the 1980-1981 Microwaves Product
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microbel techniques. It came
within a factor of two of COTMS
performance at considerably less
cost but was nowhere near the
commercial success of the HP
8542 series systems.

In 1972, the author rejoined HP
and incorporated software origi-
nally conceived at Computer-
Metrics in a new variation of the
HP microwave ANA—the 8542B.
This software was developed over
several years of operating 8542A’s
as microwave measurement ser-
vice bureaus with the efforts of
Cote, Rosenzweig, and Uhlir.

The 8542B, (Figure 5) the most
popular of HP’s minicomputer
based ANAs, was built around a
HP 8500A graphics display sys-
tem employing the HP 2100A
computer. The measuring hard-
ware was also updated with a new
precision detector. Key contribu-
tors were Rytand, Showman and
Neering.

Also in 1973, HP introduced
another microwave ANA—the HP
8545A—based on the early solid-
state swept sources and employ-
ing a time-shared computer sys-
tem over phone lines. During this
time frame, Wiltron also offered a
time-share approach. Both were
commercially unsuccessful.

Early in1974, automatic system
activities grew out of the Stanford
Park site of HP. Production re-
sponsibility was transferred to the
Automatic Measurements Division

in Sunnyvale with much of the R &
D activity shifting to Santa Rosa.
From that point, the HP 8542B
evolved to the 8542C as a hard
disk based system selling for
close to $300K.

Meanwhile, in the early 70’s,
Bell Labs had expanded COTMS
to cover 50 Hz-1 GHz as well as
developingtranslators (appliques)
to cover 1-4 GHz and 3.7-12.4
GHz. About 20 of these systems
were manufactured at WECO,
Kansas City. Also, design activity
led by Dan Leed was focused on a
newer ANA system designated
MINI-COTMS. While it never
achieved the goal of lower cost, it
did accomplish its primary goal of
higher speed. Operating from 200
Hz to 500 MHz, it can display 400
error-corrected points/second
using a DEC PDP-11/34. It fea-
tured 75Q operation and several
specialized appliques, including
anon-linear system forintermod-
ulation testing. Twenty-three of
the MINI-COTMS were manufac-
tured in Kansas City. The psuedo
real time error correction has made
the system a workhorse in the
manufacture and adjustment of
filters. Bell Labs design activity in
ANA’s has been dormant since
the mid 70’s, largely due to their
concentration on digital communi-
cation systems.

In 1973, Gorss of General Radio®
introduced the model 1710 RF
network analyzer operating from

Fig. 5 The HP 8542B mini-computer based ANA.

[Continued on page 48]
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e rugged 1% in. sq. case

e 3 mounting options-thru hole,
threaded insert and flange

* 4 connector choices
BNC, TNC, SMA and Type N

e connector intermixing
male BNC and Type N available

ZFSC-2-5 SPECIFICATIONS
FREQUENCY (MHz) 10-1500

INSERTION LOSS,

above 3 dB TYP.  MAX.
10-100 MHz 025" 0.8
100-750 MHz 0.5 1.0
750-1500 MHz 0.8 145
ISOLATION, dB 25
AMPLITUDE UNBAL., dB 0.2 0.5
PHASE UNBAL.,

(degrees) 5 10
IMPEDANCE 50 ohms

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Director, the Goldbook or EEM.

For Mini Circuits sales and distributors listing see page 34
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.4 to 500 MHz and its computer
controlled version—the GR2260
For several years, this system was
the “state of the art” commercial
system in this frequency range.

The first HP network analyzer
designed from conception as a
computer-compatible system was
introduced” from Santa Rosa in
1976. The HP 8505A (Figure 6)
covering 0.5-1200 MHz, rapidly
became the “new state of the art”.
It featured HP-IB which is HP's
implementation of the IEEE-488
eight bit parallel-byte serial inter-
face system that has become the
world standard for instruments.
This highly popular instrument
has been offered with a variety of
desktop computers as factory
configured automatic measure-
ment systems designated the HP
8507 (A with HP 9830, B with HP
9825, C with HP 9845. Among the
key contributors were Rytting,
Vifian, Sharrit, and Barr.

The HP-IB Microwave ANA

In 1967, as more instruments
and accessory instruments (“glue-
boxes”) became available with
HP-1B, HP Santa Rosa began the
applications engineering activity
that culminated in Application
Note 221 which described an ANA
Utilizing the multi-octave HP-1B
sweep oscillator, the 9825 desk-
top controller and our old friend,
the 8410 network analyzer sys-
tem, now interfaced to the com-
puter via an HP-1B A-D converter
and relay actuator. This was
intended as a simpler automatic
system offering less sophisticated

error correction not intended to
rival the accuracy of the HP 8542
system, but had significantly lower
cost. The application note proved
so popularthat HP began offering
the HP 8409A, a factory config-
ured system for about $75K. The
large improvement in price-per-
formance, coupled with difficul-
ties with the older, less reliable
BWO-based system, led us to
obsolete the HP 8542,

Based around the HP 9845
desktop controller, the HP 8409B
system was upgraded to include
higher accuracy calibration with
12termerror correction, a phase-
locked synthesizer scheme to
eliminate harmonic skip, and dual
test sets with switchover capabil-
ity in a rack-mounted configura-
tion. Performance rivalled and in
most cases exceeded the old HP
8542 series, with a factor of 4 bet-
ter reliability and considerably
more flexibility in ability to modify
both hardware via the HP-IB and
software using the friendlier
desktop controllers. Other key
contributors included Rytting,
Courreges, Grace, Kachigan,
Ramey and Williams.

Also in 1980, Weinschel Engi-
neering (of Gaithersburg, MD),
introduced the Model VM-4A Atten-
uator/Signal Generator Cali-
brator® (Figure 7). This system
features 0.01-18 GHz performance
in two bands with dual channel,
high accuracy (.02 dB/10 dB),
wide dynamic range and phase
capability. The system addresses
the metrology market, measuring
transmission characteristics of

Fig. 6 The HP 8505A network analyzer.

[Continued on page 52]
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10 to 1000 MHz
only $1995 .4

AVAILABLE IN STOCK FOR
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e miniature 04 x 08 x 04 in.
e MIL-P-23971/15 performance*

¢ l[ow insertion loss, 0.7dB
 hi isolation, 25dB

e excellent phase and
amplitude balance

PSC-2-4 SPECIFICATIONS

FREQUENCY (MHz) 10-1000
INSERTION LOSS,

above 3dB TYP. MAX
10-100 MHz 0.6 1.0
100-1000 MHz 07 Y2
ISOLATION, dB 25dB TYP
AMPLITUDE UNBAL. 0.2 5 P
PHASE UNBAL 20 TR
IMPEDANCE 50 ohms.

For complete specifications and performance
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Data Directory, the Goldbook or EEM

* units are not QPL listed
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attenuators and couplers. It is
available with an IEEE-488 inter-
face.

In the same time frame, several
|IEEE-488 based scalar network
analyzers and automatic systems
came on the market. While the
Wiltron 5610 systems (Figure 8)
do not have direct phase capabil-
ity, desktop computer software is
available utilizing air line ripple
and Fourier techniques to provide
accuracyenhancementand phase
data in certain applications.

Using HP-IB accessory instru-
ments, HP offers the HP 8755P
based on its scalar network ana-

lyzer and new digital sweeper
mainframe. The controller
employed is the low cost HP-85.

Another scalar receiver using
broadband detectors was intro-
duced last year by Pacific Mea-
surements of Sunnyvale, CA. The
model 1038-N10 was the first sca-
lar instrument to fully automate
(program front panel controls
and most calibration, frequency
change and zeroing functions)
via IEEE-488.

While the above three scalar
systems have not generally
replaced the ANA in the R&D
applications, they have become

VM-4H0-2 TRACKING LOCAL OSCILLATOR

Fig. 8 Wiltron automated scalar network analyzer system.

[Continued on page 54]
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double
balanced
mixers

standard level (+7 dBm LO)

N’
3 KHz to 100 MHz
only $21% 5.2

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e miniature 0.4 x 0.8 x 0.4 in.

* MIL-M-28837/1A performance*
* low conversion loss 5.5 dB

e high isolation 50 dB

SRA-6 SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 3KHz - 100

IF DC-100

CONVERSION LOSS, dB TYP. MAX.

One octave from band edge 5.5 {5

Total range 6.5 8.5

ISOLATION, dB TYP. MIN.

003-.03 LO-RF 60 50
LO-IF 60 45

03-50 LO-RF 45 30
LO-IF 40 25

50-100 LO-RF 35 25
LO-IF 30 20

Signal 1 dB Compression level +1dBm

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM
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popular in efforts to automate
production activities.

HP’s most recent offering in the
ANA arena late in 1981 involves
two new versions of a HP 8410
based automatic system. The top
of the line offering has been
updated to include the latest dig-
ital mainframe sweep oscillator—

‘the HP8350-—as wellas the latest

desktop controllers. The HP 8409C
(Figure 9) can be provided either
with the HP 9845B Basic Series
200 or the 9826 (HPL) controller,
as well as wide variety of frequency
range/test set/synthesizer phase

lock options. Prices range from
$87K to $151K.

Also now available as a lower
cost alternative is the HP 8408A
(Figure 10) automatic system using
the HP-85 controller (0.5-18 GHz)
(forabout $60K). Using a new test
set manually switched between
transmission and reflection, the
system provides automatic capa-
bility at manual system prices.
Costing only 30% more than
scalar-only systems it featuresthe
60 dB spurious free dynamic range
of the HP 8410 system, along with
computer error correction for

Fig. 10 The HP 8408A low cost ANA.

[Continued on page 56]
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directivity and source match, and
frequency response.

Other Contributors

Although we initially limited the
scope to exclude the research or
one-of-a-kind or pure software
activities, a survey like this must
atleast mention the work of Engen
and Hoer at NBS on six-ports,
Speciale of TRW on TSD calibra-
tion, Stinehelfer & Hines on time
domain, and the Europeans:
Shurmer, DaSilva, McPhun, Kasa,

Rehnmark, Woods and Pollard on
calibrationtechniques. Pioneering
efforts in networking of systems
at M/A-COM and by Perlmann of
RCA, as well as application activi-
ties too numerous to credit in
fields as diverse as cancer
research and antenna measure-
ment, have made these last two
decades an exciting time in this
field.
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From 1966 thru 1969 he was a Field
Engineer/Account Manger for HP in New
Jersey.

His first six years after B.E.E. in 1969
from Manhattan College were spent in
microwave design at ITT Federal Labora-
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b

;Versatile Roles For Processed

;Scalar Network Analyzer Data

Dr. Peter Lacy
- Wiltron Company

3 Introduction

The Scalar Automated Network
3 Analyzer (SANA) has proved quite
.. versatile in a number of micro-
wave network measurementroles.
This includes frequency domain
~ reflection and transmission meas-
urements, where the phasor
measurement system errors are
| virtually eliminated; and distance
to-fault measurement on trans-
mission feed trunks and other
multiple reflection configurations.
™ The method requires step fre-
. quency scan of the distributed
network under analysis and the
application of digital signal pro-
" cessing algorithms. Thus, preci-
. sion metrology, laboratory inves-
tigations and field diagnostics are
encompassed. Broadband net-
]work measurements are empha-
sized.

Measurement System
Configuration

The measurement system
includes the following ingredients:

e Microprocessor based signal
generator and logarithmic scal-
ar analyzer.

" e Precision RF components —
reflection bridges, air-lines, etc.

¢ Digital Signal Processing (DSP)
algorithms for computer exe-
cution.

- The measurement system is

controlled and the raw data is dig-
' itally processed by a desk compu-
.. ter operating through an IEEE-

488 bus. The above elements have
__been discussed in a previous
“report' and in the bibliography.
“Accuracy analysis will be pres-

ented for the stringent reflection
= measurement application.

v
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Frequency And Spatial
Domain Measurements

Reflection measurementsin the
frequency and spatial domain are
accomplished by Windowed Dis-
creteand Fast Fourier Transforms,
where as, transmission measure-
ment requires only frequency
domain presentation using the
Discrete Fourier Transform (zero
frequency component providing
low pass filter action). The meas-
urement configurations for each
are shown in Figure 1.

Frequency Domain
Analyzer

This measurement configura-
tion uses precision air-lines to
separate the errors generated
externally from each of the ports
of network under measurement.
During frequency scan a network
phasor and any external error
phasor go through a full cycle of
interference in a frequency inter-
val equal to C/2L where C is the
velocity of light and L is the air-

BRIDGE BN N

DETEC-
TOR

SIGNAL
DIVIDER

line length. This frequency span
is required to obtain the ampli-
tude, however, phase information
is also contained within the “rip-
ple extraction” transform and can
be used to provide complex data.
The windowed discrete Fourier
Tranforms are described in a pre-
vious paper 2.

Briefly, for broadband measure-
ments, many interference cycles
are seen in the raw swept fre-
quency scalar data. Then, a
Kaiser-Bessel window, 3 cycles
wide, is moved across the inter-
ference histogram. The window is
heavily concentrated on the mid-
dle cycie of the three. Sixty four
per cent of the amplitude weight
exists on this center cycle. Then,
either the average value (low pass
filter) or the ripple amplitude
(bandpass filter and peak detec-
tor) are determined. Error averag-
ing is used to measure low values
of return loss 1=|IN«|>0.03 and
for the elimination of mismatch
errors in transmission measure-
ments.

Fig. 1 Two measurement configurations for digital signal processing.

[Continued on page 58]

57



58

ECM
GaAs FET
Amplifiers

]
o

TN
| Ii
i

[
[
|
[
|
|
|

! T
| RRAREE
At 6-18 GHz this wide band
medium power, Harris HMA-
4401 isideal for Military ground
support, airborne and shipboard
applications. Thisis particularly
true where superior perform-
ance, reliability and quality are
mandatory.

Features:

* Multi-octave frequency

Hermetic, metal-to-metal welded case
Rugged thin film construction
Regulated Input with reverse polarity/
overvoltage protection

Meets MIL-E-5400/MIL-E-16400
requirements

Typical Specifications

Frequency 6-18 GHz
Power out @ -1.0 db +17 dbm min.
Power, Saturated +23 dbm max.

Gain, Nominal 30 db
VSWR, input/output 2.0:1 max.
Noise Figure 8.0 db max.

Get started today using the HMA-4401

n

uw
HARRIS

HARRIS MICROWAVE SEMICONDUCTOR
1530 McCarthy Blvd., Milpitas, CA 95035
(408) 262-2222 TWX 910-338-2247

Call or write:

CIRCLE 44 ON READER SERVICE CARD
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Uncertainty Analysis In
Reflection Measurement

The reflection measurement
uncertainty will be discussed by
reference to the bilinear trans-
formation equation that maps Iy,
the unknown, on the INn plane
introducing the measurement
system errors. This is shown in
Equation 1:

A LB

Bk v (1)

G
where A is a frequency and ampli-
tude tracking term and through a
calibration procedure, its average
value is unity. B is the directivity
of the reflection sensor (bridge,
coupler or hybrid). Finally, -C is
test port match Iy, of the reflec-
tion sensor.

For the high performance re-
flection bridge, A is removed in
the calibration or normalization
step, further, by using successively
short/open calibrations the effects
of C are removed from the ampli-
tude normalization. However, C
will appear as an uncertainty in
the measurement step itself. B,
the directivity does not appear

significantly during calibration g=
but will predominate for the meas-
urement of small values of I'y.

The log- plot of uncertainty ver-
sus diminishing Ny, shown as Fig- |
ure 2, allows a wide range of
parameters to be portrayed with
straight line error contributions.
The uncertainty chart illustrates
|Bo| = 0.01 and |Cyp| = 0.1 for the
high performance reflection
bridge.

Next, considering the measure-
ment of 1=| | >0.03 correspond-
ing to return loss values of 0 to 30
dB by means of the error averag-
ing method that uses the low-
pass digital filter. The effect of By
and C, are virtually eliminated,
but the logarithmic response Aa
dominates at low RL and the
dimensional accuracy Ba. at the
high end of the above RL range.
Theinstrumental stability is shown
at 0.002 (+0.02 dB). For higher
values of RL, the input amplifier
noise labelled B, will appear. Itis
shown as being unity at 50 dB RL
at-55 dBm level but then having a
+2 slope on the log plot due to the
square law characteristic of the
diode detector.

NOPE  DIMENSIONAL
1 —1 ACCURACY:
, , B..
7
By / //
d
4
7
”
v b2
RELATIVE 01 +- NOISE: B',
UNCERTAINTY \c, / L7 e
|f_m:_& AT o —tmeed LOGARITHMIC
I N . SLOPE AND
LOG T 2 DEVIATION:
DEV: ° \ S % A
a "
0.01 =
INSTRUMENTAL
= — STABILITY:
NG By,
0.001
1 0.1 0.01 0.001
0 20 a0 60
RETURN LOSS (|I « |) (dB)
Fig. 2 Reflection coefficient measurement uncertainty factors for SANA.
TABLE 1
RETURN UNKNOWN UNCERTAINTY SIGNAL/
LOSS REFLECTION| . | |AMm| NOISE RATIO
30dB 0.0316 0.003 50 dB
40dB 0.01 0.0016 40 dB
50 dB 0.0032 0.0012 30dB
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Next, the range of RL>25 dB,
n that uses the windowed discrete
Fourier transform, has contribu-
tions due to the dimensional
accuracy B, and the logarithmic
‘ slope and deviation term A,. In the
o plot shown, an off-set termination
value of 20 dB is used on the 4-
port reflection bridge that gives
u the average value of the ripple
extraction histogram at -25 dBm.
Note, in ripple extraction the
system operates in the homodyne
mode. A large reference signal is
present at the bridge detector and
the smaller unknown Ik provides
nan interference pattern in the
swept frequency plot histogram.
Note, the extraordinarily low
noise floor that is 60 dB below the
n reference level created by the 20
dB offset. Thus, in measuring a
return loss of 40 dB (|I'x| = 0.01,
SWR = 1.02). The signal to noise
\ ratiois40dB. This most favorable
signal to noise ratio, as well as,
the use of the “in situ” air-line as
the impedance reference and
L further, the beadless LPC-7 con-
nector at the measurement port
give this reflection measurement
' multiple advantages over any other
error corrected ANA.
To achieve dimensional accu-
racy correspondingto A" of0.001,
. fora7 millimeterair-line the outer
conductor tolerance is £0.0002"
and for the inner 0.0001". Three
M 30 centimeters long, 7 millimeter
L diameter WILTRON air-lines were
measured at NBS Boulderin 1979.
"AII lines were within the dimen-
. | sional specifications and, in using
" various RF test procedures, tested
within specifications, however, it
m is felt that comparison of produc-
~tion air-lines will be most effec-
tively tested using DSP on RF
measurements. Frequency domain
" test of both 30 and 40 dB return
loss terminations with different
air lines clearly show air-line tol-
- erance variations at the required
'level of accuracy. Even more
impressive is the spatial domain
comparison of impedance be-
= tween different physically certi-
fied referenceair-lines to be shown
- in tabular form.
In Table 1, the worst case, sum
pof the errors from Figure 2 for the
“ripple extraction” method of
measuring small reflection coef-
‘ficients. is summarized.
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Measurement Of Non—
Insertable Devices

An important non-insertable
device that is often encountered
in measurement practice, is the
adapter. Data on a pair of GPC-7
to WSMA adapters is shown in
Figure 3. The return loss at the 7
mm port was measured for each
with the SMA port terminated by
3.5air-line using the compensated
WSMA?® junction. The pair were
measured again using air-line
termination of the distant port. All
three data plots are super-imposed
in Figure 3a. Next, insertion loss

of the adapter pair was measured

RETURN LOSS (dB)

FREQUENCY (GHz)

a. Return loss of male and female
adapters-individual adapters

and the pair.
0 =
8
g .
2
2 1 TR + PRRR Y 4
D 10 20
FREQUENCY (GHz)

b. Transmission loss through

above adapter pair.

Fig. 3 7mm to SMA adapter pair.
and plotted in Figure 3b. Both
reflection and transmission meas-
urement configurations corres-
pond to Figure 1a. Note the 0.01
dB peak-to-peak ripples appear-
ing inthe loss data, this correlates
with the bead spacing of the
adapter pair and the effect of the
product of the two individual
reflection coefficients.

Spatial Domain Reflecto-
metry (Distance-To-Fault)

This measurement has been
made by the pulse (or step) and
swept frequency measurement
methods. The second method can
now be easily processed and plot-
ted or tabulated from the Fast
Fourier Transform of the swept
frequency interference pattern.
Again the data is windowed to vir-

[Continued on page 62]

Communications

GaAs FET
Amplifiers

|

|
|
|
1
|
|
|
[

L]
{111

Operating in X band, Harris
GaAs FET Driver Amplifiers are
ideal for many communication
applications. All of this backed
by our dedication to state of the
art design, processing and as-
sembly techniques.

Features:

¢ Hermetic, metal-to-metal welded case

* Rugged thin film construction

* Regulated input with reverse polarity/
overvoltage protection

* Meets MIL-E-5400/MIL-E-16400
requirements

Typical Specifications

Frequency 7.9t0 8.4 GHz
Power out @-1.0db

200 mWto 1 W
Gain, Nominal 30 db
VSWR, input/output 1.5:1 max.
Noise Figure 7.0 db max.

Call or write today and get all the facts.
(408) 262-2222 or TWX 910-338-2247

m
U

HARRIS

HARRIS MICROWAVE SEMICONDUCTOR
1530 McCarthy Blvd., Milpitas, CA 95035
(408) 262-2222 TWX 910-338-2247
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double
balanced
mixers

standard level (+10 dBm LO)

50 KHz to 2000 MHz
only $26% 524

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e miniature 0.4 x 0.8 x 0.4 in.

* MIL-M-28837/1A performance*
* low conversion loss 6.0 dB

* high isolation 25 dB

SRA-220 SPECIFICATIONS

FREQUENCY RANGE, (MHz)

LG RE 05 - 2000

IF .05 - 500

CONVERSION LOSS, dB TYP. MAX.
One octave from band edge 6.0 7.5

Total range 7.0 9.0
ISOLATION, dB TYP. MIN.
.05-.5 LO-RF 25 20
LO-IF 25 20
.5-1000 LO-RF 40 30
LO-IF 40 30
1000-2000 LO-RF 30 20
LO-IF 25 16

Signal 1 dB Compression level +3dBm

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM.

*units are not QPL listed

For Mini Circuits sales and distributors listing see page 34

finding new ways. ..
setting higher standards

. =Mini-Circuits

A Dwvision of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200

85-3 REV. ORIG

~imAl = a7 A DEANRER QFRVICE CARD
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tually eliminate spurious output
due to the finite interference pat-
tern. Figure 4 shows the use of the
WFFT to plot return loss on a ref-
erence transmission feed cable
used by a military aircraft test
facility. The cable is then reversed
and the data retaken. Note the
close mirror symmetry. A distrib-
uted lossy path will rarely show
exact mirror symmetry.

Another promising use of the
WFFT has been investigated for
comparing precision air-lines. The
maximum dimensional spread of
the outer and inner conductor
was +0.0001” as physically meas-
ured by NBS. The outer conduc-
tor diameter profile was measured
and plotted, but only the peak
deviations of the inner conductor
diameter were reported. The data
by this method would corrobo-
rate impedance conformance of
the two lines to provide >66 dB

desk computer provides high ver-
satility by means of the various
computation programs.
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measurement of a reference
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Conclusion

The Scalar Network Analyzer is
used on distributed network to
provide swept frequency inter-
ference patterns that can be dig-
itally processed to provide both
frequency and spatial domain
reflection transmission data care-
fully enhanced for both labora-
tory and field measurement appli-
cations. The high performance
SANA under GPIB control by a

e
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An Improved Automatic v
Network Analyzer System

" F. G. Mendoza, S. J. Lee, F. S. Yamauchi and A. L. Lance

Measurement Engineering Department
TRW Operations and Support Group

Redondo Beach, California

= |
Abstract transmission and reflection meas- connectors. Values of attenuation
This paper describes a HP 8409 urements from 0.1 to 18 GHz. are 3,10, 20, 30, 40,50, and 60 dB.
=system configuration using low The accuracy of measurements The attenuators are periodically

10ise frequency synthesizers as obtained with the ANA is greatly calibrated by the National Bureau
the VTO local oscillator and RF dependent uponthe accuracy and of Standards and the Primary

signal sources. The minor hard- precision of the standards used in Standards Section of TRW’s Cali-
®ware and software modifications the system calibration process. bration Services Department.
ire shown and the improved The calibration process charac- The reflection standards,

measurement accuracy and terizes the inherent impedance manufactured by Hewlett-Pack-
dynamic range are compared to related measurement errorsin the ard, have APC-7 connectors.

he measurement performance of ANA system. Nominal VSWR values of the
_he basic HP 8409 system and the Measurement standards are re- mismatches are 1.1, 1.5, 3.0 and
HP 8542B system quired to verify the measurement 4.0. They have been calibrated by
: accuracies and to detect any the Hewlett-Packard Primary
hiroduclion deterioration in system operation. Standards Laboratory and TRW's
Since 1969, the Calibration Serv- Calibration Services Department.

The Hewlett-Packard 8409B/C ices Department at TRW has main- The 8662A is also used as the
sAutomated Network Analyzer tained and used measurement VTO synthesizer (local oscillator)
ANA) configuration provides standards to maintain measure- when operating in the 2.0 to 18.0
program control of the source = ment accuracies and to establish =~ GHz frequency range. The origi-
output frequency (source phase-  confidencein measurementsper-  nal VTO synthesizer (3335A) is
bcked subsystem), receiver tun- formed with ANA systems. stillused as the VTO when operat-
ng, IF gain and data conversion The attenuation standards are  ing from 0.1 to 2.0 GHz. It is

to produce fully error corrected  coaxial attenuators with APC-7  switched intothe 8672A to replace

E
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Fig. 1 TRW calibration services 100 MHz to 18 GHz automatic network analyzer.
[Continued on page 66]
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Sage delivers...
Broadband Components
that meet your
ex Spec tations

Because Sage broadband components are
conservatively rated, you can expect supe-
rior performance at any point in the band.
Whether you require one or one thousand
custom or catalog components, you can
count on Sage fo meet your ex"spec”fations.

Phase Shifter 6509E
Frequency: DC-18GHz
VSWR: (DC-1.5GHz) 1.1 max.
(1.5-12GHz) 1.5 max.
(12-18GHz) 1.75 max.
Insertion Loss:
(DC-1.5GHz) 0.25dB max.
(1.5-6GHz) 0.5dB max.
(6-12GHz) 0.75dB max.
(12-18GHz) 1.0dB max.

Phase Shift: 40°/GHz min.
2-way Power Divider FP2993
Frequency: 1-18GHz
Insertion Loss:

(1-16GHz)  1.5dB max.
(16-18GHz) 2.0dB max.

VSWR: (inpuf) 1.5: 1 max.
(output) 1.7: 1 max.
Isolation:

(1-2GH2) 15dB min.
(2-18GHz)  17dB min.

Miniature Multi-Octave-Band
3dB Quadrature Hybrid 2375-7

Frequency: 1-18GHz
Coupling: 3dB =1
Insertion Loss:
(1-66Hz)  0.8dB max.
(6-12GHz) 1.2dB max.
(12-18GHz) 1.6dB max.

VSWR: 1.50: 1 max.
Flatness: +1.0dB
Isolation: 15dB min.
Power: 50 watts avg.
1.5 kw peak

Miniature Ultra-Broadband
Directional Coupler C118-6*

Frequency: 1-18GHz
Coupling: 6dB =1
Flatness: +.5dB

VSWR: (main line)  1.40 max.
(coupled line) 1.50 max.
Insertion Loss: 1.2dB max.
Directivity:
(1-12GHz)  15dB min.
(12-18GHz) 12dB min.
Power: 25 watfs avg.
1.5 kw peak

* Also available in 10dB, 16dB, and 20dB coupling

values.

[From page 65] SYSTEM

the internal 20 to 30 MHz VCO
when operating from 2.0 to 18.
GHz. This provides frequenc.
resolution out of the 8672A equal
to the 3335A. The frequency resc-
lution and repeatability of the sys
tem is 0.1 Hz for all operating fre
quencies. The 10 MHz reference
oscillators of the three synthesiz
ers are locked together. The fre
quency stability of the system is 5
x 107'°/day. It can be locked to an
external frequency standard, suc
as a cesium beam type, fo
improved long term frequency
accuracy. Thisisanimprovement
over the standard phase-locke
8409B/C which provides prc
grammed frequency accuracy of
about +1 part in 10° plus 5 kHs
and repeatability within 100 Hz.

Dynamic Range Improvement

The comparisondatain Table
indicates that the system ca
measure attenuation values to 80
dB. The measurement accuracy
at 80 dB iscomparable to the ori¢
inal specifications for measure
ment at 60 dB.

The improvement in dynami»
range is obtained essentially k
using:

e synthesizers with lower phase
noise characteristics to gene
ate the 130 to 150 MHz signalc
to the 8410 and the RF signals
to the test sets, as shown i
Figure 1, and

e also using extended averaging
of the measurements.

When operating at frequencie
of greater than 2.0 GHz, the
Hewlett-Packard 8662A Synthe
sized Frequency Source
switched into the system to replace
the Hewlett-Packard 3335A Syn-
thesizer and doubler, asindicate
in Figure 1. The Hewlett-Packat

8672A is the signal source. The
lower phase noise of the sources
increases the dynamic rancg
greater than 10 dB in the meag
urement range from 2 to 18 GHz.
When the 8662A is used as the
signal source in the frequenc
range from0.1t02.0 GHz, it has f¢
be directed through the frequency
doubler circuit to obtain the si
nal frequencies of 1.28t02.0 GH
The 8672A and 8662A Synthesiz-
ers were chosen for this applica-
[Continued on page €
MICROWAVE JOURN/

; ; Call or write us today for our complete catalog.
Miniature Coaxial Discover why Sage has been designing and
Rotary Joint 345C manufacturing superior broadband components

Frequency: DC-18GHz since 1955.

VSWR: (DC-10GHz) 1.25 max. 3

(10-18GHz) 1.35 max.
LABORATORIES,INC.

Insertion Loss:
(DC-10GHz) 0.2dB max.
3 Huron Drive - Natick, MA 01760-1382
(617) 653-0844 - TWX: 710-346-0390

(10-18GHz) 0.5dB max.
Rotational Effect: (max. VSWR/min. VSWR):
1.02 max./360°
Avg. Power at 1GHz: 100 watts
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tion because of their lower phase
noise charcteristics and overall
performance capability in this
automated system.

P Measurement Uncertainty

i

E

i

J

5

=

Improvement

The measurement uncertainty
improvement results from both
hardware and software modifica-
tions to the original system and
program. The hardware improve-
ments result from the much lower
LO and signal phase noise, fre-
guency accuracy, resolution and
repeatability and very careful sys-
tem alignment and maintenance
procedures. The software im-
provements include extended
averaging (to 512 samples) and
improved “quadrature detector”
calibration procedure.

Additional software is being
developed to provide the basic
flexibility and capability of the
original Hewlett-Packard 8542B
ANA. However, the special plot-
ting, printing and measurement
routines do notenhance the basic
system measurement accuracy.

It has been TRW'’s experience
that the Hewlett-Packard 8542B
could be maintained, with con-
siderable effort, to measure within
the published accuracy specifica-

tions. The latter 8409B (and C)
versions have been consistently
more accurate than the 8542B,
especially when using the “ex-
tended averaging’’ software.
However, it is noted that Hewlett-
Packard does not actually specify
a system measurement accuracy
for the 8409B/C. The standard
8409B/C system falls in between
the uncerainty values in Table 1
for the 8542B and the TRW modi-
fied system. The 8409B/C has an
effective dynamic range forinser-
tion measurements of greater than
70dB when using the above men-
tioned software. The hardware
improvements illustrated in Fig-
ure 1increase thisrangeto greater
than 80 dB.

The uncertainty values stated
for the TRW system were derived
statistically. The ANA standards
were measured on the ANA on
five separate seesions over a
period of several weeks. Five indi-
vidual measurements (disconnect
and reconnect) were performed
each session. A complete ANA
maintenance, including alignment
adjustments, was performed dur-
ing the evaluation. The uncertainty
values includerandom errorsand
long term system related drift
errors. &

hi-level
mixers

(+17 dBm LO)

0.5 to 500 MHz
only $17% 524

IN STOCK . .. IMMEDIATE DELIVERY

* RFinputupto +10dBm
* MIL-28837/1A-08N

performance*

for-08S specify SRA-1H HI-REL
* NSN 6625-00-594-0223
¢ low conversion loss, 6dB
« hiisolation, 40dB
* hermetically-sealed
* hireliability, diode burn-in

1 volt, 168 hrs., 150° C

e 1 year guarantee

*Units are not QPL listed

SRA-1H SPECIFICATIONS

FREQUENCY RANGE, (MHz)

LO, RF 0.5-500
IF DC-500
CONVERSION LOSS, dB TYP. MAX.
One octave band edge 55 7.5
Total range 6.5 8.5
ISOLATION, dB TYP. MIN.
low range LO-RF 55 45
LO-IF 45 35
mid range LO-RF 45 30
LO-IF 40 30
upper range LO-RF 35 25
LO-IF 30 20
SIGNAL 1dB Compression level +10dBm

For complete specifications and performance

curves referto the Microwaves Product

Data Director, the Goldbook, EEM,

or Mini-Circuits catalog

“ TABLE 1
2 AUTOMATION
TRW CSD/MED ANA MEASUREMENT UNCERTAINTY
A HEWLETT—PACKARD
FREQUENCY ATTENUATION UNCERTAINTY 8542B ANA
(GHz) (dB) (dB) UNCERTAINTY
0.10 - 2.00 10 +0.02 +0.12 (0.1 - 12.4 GH2)
2.00 - 18.00 10 +0.03 +0.16 (12.4 - 18.0 GHz2)
0.10- 2.00 20 +0.02 10.13 (0.1 - 12.4 GHz2)
2.00 - 18.00 20 +0.04 +0.18 (12.4 - 18.0 GHz)
o 0.10-2.00 30 .03 0.15 (0.1 - 12.4 GHz)
2.00 - 18.00 30 +0.05 +0.22 (12.4 - 18.0 GHz)
0.10- 2.00 20 0.03 10.20 (0.1 - 12.4 GHz)
ad 2.00 - 18.00 40 +0.08 +0.28 (12.4 - 18.0 GHz)
0.10 - 2.00 50 +0.05 +0.30 (0.1 - 12.4 GHz)
2.00 - 18.00 50 +0.10 +0.50 (12.4 - 18.0 GHz)
| 0.10 - 2.00 60 +0.06 +0.70 (0.1 - 12.4 GHz)
2.00 - 18.00 60 +0.20 +1.00 (12.4 - 18.0 GHz)
0.10-2.00 70 +0.15 HP 8542B WAS NOT
2.00 - 8.00 70 10.25 SPECIFIED ABOVE
8.00 - 18.00 70 +0.30 60.0 dB.
0.10 - 2.00 80 .35 HP 8409B/C ANA
2.00 - 8.00 80 +0.50 SYSTEMS ARE NOT
d 8.00 - 18.0 80 +1.00 SPECIFIED BY HP.
APC-7 COAXIAL CONNECTORS 'AND 12-TERM ERROR MODEL.
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For Mini Circuits sales and distributors listing see page 34

finding new ways. ..
setting higher standards

[JIMini-Circuits

A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235 (212) 769-0200
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Interactive ANA

Techn_ical Feature

Measurement System'

B. Periman, D. Rhodes,
J. Schepps

Microwave Technology Center,
RCA,
David Sarnoff Research Center

Introduction

Microwave network analyzers
are routinely used in all phases of
microwave engineering, from the
initial design stages to the pro-
duction line testing of final assem-
blies. With the rapid growth in the
microwave field, the need for fas-
ter, more accurate measurements
has led naturally to the develop-
ment of automated microwave net-
work analyzer systems. Until
recently, the HP 8542 system was
available to meet this need; how-
ever increasing costs and obso-
lescence of certain instruments
dictated that a new configuration
be developed. In an effort to
reduce the system cost and com-
plexity, Hewlett-Packard de-
veloped the HP 8409 system along
with instrument control and accu-
racy enhancement software 'Z.
This system, comprised of mostly
“off-the-shelf” hardware, compro-
mised the capabilities of the HP
8542 by using a desktop calcula-
tor/controller in place of the HP
2100. In many applications the
desktop calculator/controller is
inadequate. The ability to access
measurement data from other pro-
grams (e.g. CAD), and the advan-
tages of a larger system’s speed
and resources (e.g. database
methods, local area networking)
demand more sophisticated com-
puter power. We describe here an
alternative control program for

APRIL — 1982

the HP 8409 system hardware
which offers many advantages
over the standard package.

The controlling program, named
PLANA/1000 (Phase-Locked Auto-
matic Network Analyzer/HP 1000),
is written in FORTRAN IV to re-
place the HP 11863D accuracy
enhancement softwarprovided
with the standard system °*. A
photograph of an improved HP
8409B system is shown in Figure
1. The block diagram of Figure 2
identifies the specific network
analyzer and related hardware and
includes an HP 1000F minicom-
puter as the system controller.
The principal differences between

Fig. 1

PLANA/1000 hardware configuration using HP-8409B with HP-1000

the system shown and the stand-
ard system is the addition of an
HP 8746 S-parameter test set,
programmable power supplies for
device biasing, and substitution
of the HP 1000F for the HP 9845
calculator, normally provided as
the system controller. An optional
color graphics display system has
been added to provide real-time
interactive color graphics.

The use of the HP 1000 mini-
computer as the system controller
and the optional color graphics
system represent the unique
hardware differences between the
commercially available HP 8409
system and what is to be des-

computer system and color graphics subsystem.

[Continued on page 74]



[From page 73] ANA

cribed here. In one of its standard gram development in high level
- configurations, consisting of the languages and multi-user capa-
- computer, hard disc, and graphics bilities. The multi-programming
terminal, the HP 1000 provides a feature means that the computer
powerful and cost-effective alter- can control several network ana-
native to the HP 9845. Supported lyzer systems concurrently and/or
by a user-configured operating independently support other users
system, the HP 1000 permits pro- while measurements are taking
CONTROL PHASE-LOCK
SYNCHRONIZER
FREQUENCY | 20.278 MHz
M CONVERTER I
9 y
;_ - Bt s-PAnAMETEF[ Y57 NETWORK DISPLAY
—1 SOURCE TEST SET ANALYZER || ATTENUATOR
8 \ X PHASE/ POLAR
-k h o MAGNITUDE DISPLAY
- DIGITAL DISPLAY
h & ___|VOLTAGE 140%
@ SOURCE AFMHz
<
w
w DIGITAL
005 '0 500 MHZ W VOLTAGE
— SoURCE | 20Hz-80 MHz
0.001 HzRESOLUTION
only $74%
| (]‘9) I vuE /x'z\ AMP Wi:"_l
SYNTHESIZER
IN STOCK . . .IMMEDIATE DELIVERY " MAG (dB)
A/D B
< 5 CONVERTER
e low distortion, +38 dBm
intercept point, (two-tone, 1000 F
COMPUTER |-{ GRAPHICS |- MATRIX
3rd Order) CONSOLE PRINTER
e upto +24 dBm RF input
e l|ow conversion loss, 6 dB Fig.2 Block diagram of PLANA/1000 hardware.
g
e hiisolation, 40 dB
e miniature 0.4 x 0.8 x 0.4 in. FREQ s11 s21 s12 S22
. DB ANG
« hermetically-sealed (MHz) (DB)  (ANG) (DB)  (ANG) (DB) (ANG) (DB) (ANG)
9450.0000 -.67 19.1 -46.93 1275 -41.15 1071 =10 28.0
* MIL-M-28837/1A 94700000 -58 164  -4626 141.4 -41.06 1126  -10 254
performance 9490.0000 -63 133  -46.67 1255 -4129 1241 .03 217
* oneyear guarantee 9510.0000 -.59 10.3 -41.88 105.9 -39.55 1134 .10 18.1
*Units are not QPL listed 9530.0000 -.67 6.2 -35.08 105.0 -36.28 98.9 .26 15.2
VAY-1 SPECIFICATIONS 9550.0000 =75 1.8 -32.27 105.3 -32.19 100.3 .39 7
FREQUENCY RANGE, (MHz) 9570.0000 -.86 -3.8 -29.28 100.2 -28.53 994 i 8.0
LO-RF 0.05-500 9590.0000 -1.09 -11.0 -24.75 92.2 -23.94 91.0 .64 23
IF 0.02-500 9610.0000 -1.29 -22.8 -1852 811  -18.02 77.9 66 -7.4
A e A b n iy S e 96300000 -349 557 972 471  -966 475 17 -28.8
Total range 5 85 9650.0000 -14.81 904 -210 -37.3 -2.85 -405 -7.54 -771
ISOLATION, dB TYP. MIN. 9670.0000 -10.19 69.9 -2.94 -139.3 -3.80 -132.9 -6.77 1204
low range tg'ﬁf 2; 38 9690.0000 -224 514 -11.48 1561 -10.73 160.0 -15 623
d s O'RF 46 35 9710.0000 -1.01 34.4 -19.30 135.8 -17.70 137.8 .20 41.0
s Bl i Porglln 97300000 -70 247  -24.84 1220 -2290 1286 .22 315
uppefrange LO-BF 35 25 9750.0000 -76 185  -29.28 1171  -26.51 1208 25 261
LO-IF 35 25 9770.0000 -.84 13.9 -33.74 124.9 -30.00 118.8 .21 22.6
SIGNAL 1 dB Compression level +24 dBm Typ. 9790.0000 -.88 10.2 -37.44 1113 -34.79 115.8 by g 19.2
For Mini Circuits sales and distributors listing see page 34 9810.0000 -.91 6.9 -37.05 78.6 -38.11 1164 .34 16.4
fiding PawIYe. 9830.0000 -8 33  -3922 662  -3553 134.2 44 144
setting higher standards 9850.0000 -.84 By | -40.18 45.8 -36.71 140.6 S5 116
= s - -
mM|nl'C| rcu.ts Reference Planes: RP1 = 0.000cm, RP2 = 0.000cm
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers j § .
2625E. 14th St. Bklyn, N.Y. 11235(212) 769-0200 Fig.3 Typical listing of measurement data.
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place. Perhaps the most signifi-
cant advantage in using the HP
1000 as the system controller is
the ease of establishing a data
base of corrected measurement
dataand the ability to access those
data from other programs and
terminals for use in either com-

™ puter-aided design or production

-

environments.

Program Description

» PLANA/1000 incorporates all
the features of the HP calculator-
based control program plus much
more. Included are five calibra-
tion error correction models,
device de-embedment algorithms,
extensive listing and plotting rou-
tines (including color graphics),
disc and tape file management,
complete operator control over
all the instruments controlled via
the HP-IB (IEEE STD. 488) inter-
face bus, and a mnemonic inter-
preter to allow simple English

» command strings.

PLANA/1000 can accommodate
up to 81 test frequencies which
may be specified in a number of
bands, e.g. from 2 to 8 GHz by 1
GHz steps, etc. This allows one to
measure over a range and focus
on part(s) of it for greater detail.
All data acquisition employs
accuracy enhancement routines
such as adaptive averaging,
phase-lock checking, and quad-
rature error correction. These
reduce errors associated with low
level signals, frequency drift, and
polar display non-linearity. All
calibration data, as well as the
latest device measurement data

~are automatically saved on disc.

o

In addition, the entire state of the
program is automatically saved
upon completion of each meas-
urement. This enables one to re-
store the program state if itis inad-
vertently terminated and insures
data integrity should the system

1 fail unexpectedly.

=4

Calibration
PLANA/1000 offers a choice of
five modes of system calibration.
For reflection measurements, a 3-
vector model provides full error
correction for directivity, source
match, and frequency response
for one-port measurements. For
quick transmission measure-
ments, asimple transmission norma-
[Continued on page 76]
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<)
<

Model | F Max |Insertion| Sensitivity| Price
(GN:) Senllllvliy (dB) (GMz) VSWR| Loss (uv/ipw)
(dB) (GHz) (dB Max)
12118 1-12.4 +.2(1-8) 18(1-8) 1.35 1.1 40 $675
+ 3(1-12.4) 15(8-12.4)
1818S 2-18 +.5(2-12.4) 17(2-12.4) 1.35 75 10 $750
+.7(2-18) 15(12.4-18)
1822S 2-18 +.5(2-12.4) 15(2-12.4) 1.35 1.0 40 $750
+.7(2-18) 13(12.4-18)
18208 1-18 +.5(1-12.4) 17(1-12.4) 1.35 9 10 $825
+.7(1-18) 15(12.4-18)
18218 1-18 +.5(1-12.4) 15(1-12.4) 1.40 1.2 40 $825
. 7(1-18) 13(12.4-18)
18508 5-18 =12 14(.5-18) 1.40 1.1 10 $925
12(12.4-18)
18518 518 [+1.2 14(.5-12.4) | 1.40 15 40 $925
12(12.4-18)
2616S| 1.7-26.5 |+ .8(1.7-18) 15(1.7-18) 1.45 12 10 $1,125
+1.2(1.7-26.5) | 13(18-26.5)
3617S| 3.6-11.7 |+.15(3.6-6.5) | 18(3.6-6.5) | 1.30 1.1 40 $825
+.30(3.6-11.7) | 15(6.5-11.7)
Model | Freq Freq y Directivity | Max | Insertion | Price
(GHz) Coupling| Sensitivity | (dB) (GHz) | VSWR Loss
(dB) (dB) (GHz) (dB Max)
1211 1-124 10+.5 | +.2 18(1-8) 1.35 1.1 $475
15(8-12.4)
1818 2-18 16=.5 +.25(2-12.4) | 17(2-12.4) 1.30 75 $475
+.35(2-18) 15(12.4-18)
1822 2-18 10+.5 +.25(2-12.4)| 15(2-12.4) 1.35 1.0 $475
+ 4(2-18) 13(12.4-18)
1820 1-18 16+ .5 +.3(1-12.4) 17(1-12.49) 1.35 9 $475
+ 4(1-18) 15(12.4-18)
1821 1-18 105 | =4 15(1-12.4) | 1.40 1.2 $475
13(12.4-18)
1850 5-18 161 +1 14(.5-12.4) 1.35 1.1 $575
12(12.4-18)
1851 5-18 10+1 3] 14(.5-12.4) | 135 15 $575
12(12.4-18)
2616 | 1.7-26.5 161 +.4(1.7-18) | 15(1.7-18) 1.45 1.2 $725
+.8(18-26.5) | 13(18-26.5)

DMEC"ONAL COUPLER

5-18 GHz
DEL 1851 7
:g OATENT 4.139.82

TOR

oET ouT m'.c"‘o“‘L DETEC
es 1728 5 GHx
4,139,827

MODEL 267
u.s. PATENT

« KRYTAR

1292 Anvilwood Court = Sunnyvale, CA 94086 »

(408) 734-5999
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[From page 75] ANA

lization correction can be per-

10 | [ B ) N 0 R e D ) R B B I e ST L9 W B 3 MR G2 DE S (o8 o 2 | .
r TTWIOIS[E]CTION[ FILTER #2 100UW INPUT | 12:37 PM THU.,I 17 DEC..1Qa; - formed. A 6-vector model includes
- IR PORSENRT O BRI o i 0 T A the 3-vector model plus forward
transmission tracking, load match,
i I ] and port isolation terms. Two full
i error correction models are avail-
g-zo i / N i ableforforyvard and reverse char-
~ aracterization: one incorporates
BT \ 1 the 6-vector model in both direc-
-30. tions, the otheris the Thru-Short-
k / \ : Delay (TSD) procedure ®° which
-40. % is currently under development.
- . All models except TSD use shorts,
i e  een i e il achoice of opens or offset shorts,
FREQ-(MHz) and fixed or sliding loads as the

calibration standards. For open
circuits, correction for the
frequency dependent effective
capacitance is performed based
on connector type (APC-7, SMA,
etc.). For offset shorts, the pro-
gram chooses an appropriate
standard offset length to use fora
particular frequency octave and
prompts the user accordingly, or
the user may specify the offset.
The TSD method uses only a
short, a thru connection, and a
delay (a longer thru), thus elimi-

Fig. 4 Examples of video graphics on the HP-2648. a) Plot of Sz (dB) versus nating the need for opens, offset
frequency, b) Smith Chart display of S;,. shorts and loads.

TWO-SECTION FILTER #2
12:37 PM THU,, 17 DEC., 1981
100UW INPUT
F1=9450.000 F2 = 9850.000
RP1 = 5.050 RP2 = 0.000

Watkins-Jobnson extends your source’s
frequency range to 60 GHz!

® Do you have an 18 to 60 GHz signal generator need? Input Frequency’ | Output Freq&:ncy Output Power?
® Do you have an 18 GHz microwave frequency (GHz) (GHz) (dBm)
synthesizer/sweeper and a need to extend the 13t0 20 2% to 40
frequency to 60 GHz? 13330 20 40 to 60
R A 3 S Loz 9to 13 18 to 26
® Do you need FULL WAVEGUIDE BANDWIDTH 866 to 13.33 26 to 40

outputs to 60 Glz?
Notes: 1. Input power 0 dBm minimum
2. Guaranteed. Typical 3 dB higher

If s0, a Watkins-Johnson Company frequency extender
is the answer. This is a self-contained unit with The frequency extender product line complements
matched-amplifier doubler/tripler. Standard waveguide — Watkins-Johnson’s WJ-125X Frequency Synthesizer and

outputs are provided. For higher power and/or higher the WJ-1204-1 Synthesized Signal Generator to provide
frequencies (60 to 110 GHz), contact the factory. frequency coverage from 0.01 to 60 G

For more details,

call Watkins-Johnson Company,

Applications Engineering,

2525 North First Street, San Jose, CA 95131. Telephone (408) 262-1411, ext. 507.
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= Device Measurement
PLANA/1000 has three modes

of device measurement; normal, HP-1000 VIDEO AND
continuous, and real time. In the COMPUTER MEMORY DISPLAY MEMORY
| normal mode, measurements are BAGRS T T L TN
performed at all test frequencies, LOGIC
the data are corrected for system T
~ errors and are ready for listing or SRASRGEe
’ 5 < uP VIDEO SIGNAL
plotting. The continuous mode GENERATOR
performs the device measurement
loop repetitively, allowing the user 7\
, to update the data listing or plot 4 N EIA RS 170
after each run. The real time mode o
is a special form of the continu- st
ous measurement mode which 488 HIGH
utilizes the color graphics display. ey o oo by
In this mode, a reflection or sim- MONITOR
ple transmission measurement is
performed, corrected, and dis-
played on the color monitor as the
data are acquired. Also, the nor-

mal measurement rate of about

three points per second is in- -
creased to about seven per _g/memnwus%
second: the result is a dynamic

display of corrected S-parameter
data (S1; or Sz1). This allows the
user to perform operations such Fig. 5 Block diagram of color graphics subsystem. The graphics controller

as device tuning while measure- provides a TV presentation of 768 by 512 pixels with up to 8

A colors plus black and white. The digitizing tabletis interfaced viathe IEEE-488 bus
ments are taking place, and to see andis refreshed at a rate of 20/sec, providing a highly
the corrected measurement results interactive display capability. [Continued on page 78]

The First Line:

Biconical Omni
Antennas

100 MHz

through
A6400 Series 40 GHz

Features:

= Multioctave Performance
2-40 GHz 2-18 GHz

0.5-4 GHz 100 MHz-1 GHz
= Slant Linear or Circular Polarization
= Low Deviation from Omni
= Single Antenna or Multi-Antenna

Configuration q'" EM Systems, Inc.

For further information on Antennas,
call or write EM Systems, Inc.

\

4x 768 x512

W\)/

wO>D

290 Santa Ana Ct., Sunnyvale, California 94086
(408) 733-0611 TWX 910-339-9305
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[From page 77] ANA

in real time. Rectangular, polar,
and Smith chart overlays are all
supported in the real time mode.
PLANA/1000 also allows data
to be de-embedded from measure-
ments on cascaded networks. Files
of previously measured data can
be assumed to be input and/or
output networks and mathemati-
cally de-embedded from a cur-
rent measurement. This is useful
for removing the effects of con-
nectors or matching circuits.

Listing and Plotting
PLANA/1000 offers a wide var-
iety of listing formats and video
graphics using the HP 2648 ter-
minal. Output options include S-
parameters, impedance, admit-
tance, VSWR, gain, stability factor,
and group delay. Also any data
that can be listed to the video ter-
minal can be plotted by using the
terminal’s autoplot feature. Ter-
minal graphics include rectangu-
lar and polar displays (with auto-
matic scaling) and Smith chart

presentations. Data smoothing,
using a three point moving aver-
age, and data windowing, allow-
ing the user to select a subset of
frequencies from the measure-
ment data, can be used in aiding
data presentation. Output listings
and hard copy of the video gra-
phics are obtained via appropriate
hardware, such as an HP 7310 or
HP 2671G printer, or a Versatec-
210 video interface with a Ver-
satec 1600 or V80 matrix printer.
Selected examples are shown in
Figures 3 and 4.

Color Graphics/Digitizing Tablet

PLANA/1000 has an entire
optional segment devoted exclu-
sively to graphics output on a
color monitorand user input from
an HP 9111 digitizing tablet. A
detailed hardware diagram of the
color graphics display and digitiz-
ing tablet is shown in Figure 5.
Entering commands from the
tablet rather than from the key-
board alleviates typing errors and

saves time for the designer. Along
the top of the tablet are a series of
sixteen ‘““‘command softkeys”;
presently each one can represent
one command. To executeacom-
mand, the designer touches it with
the digitizing wand and a set of
“menu items” (in the large area
below the “command softkeys”)
associated with that command is
then activated. Forexample, if the
designer would like to have a
Smith chart of Sz2, he would first
choose the softkey marked
“CHART". This activates all the
items pertaining to the types of
graphs that can be displayed. He
then touches the item labelled
SMITH and a Smith chartappears
on the color monitor. A similar
procedure is used to select the
S-parameter (Figure 6). Having a
softkey activate other areas of the
tablet prevents a series of un-
wanted commands from being
executed if the designer inadvert-
ently moves the wand across the
tablet.

2 +.22 CATE SIDE
DEC.

Fig. 6 Color display showing S;. with a Smith Chart overlay.

Fig. 7 Simultaneous color display of all four S-parameters

® 1271 THD AOD .22 +.22 CATE SI0E

Lou Freq Mag Angle
160. 6@ .654 110.330

2w PW T, 1S DEC., 1o ¢

Fig. 8 Useof markersin rectangular format.

Fig.9 Example of the expanded Smith Chart overlay.
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But the digitizing tablet does
™ more than simply act to eliminate
typing; its biggest advantage is
one of interaction. Here the de-
signer can perform interactive
commands that cannot be done
through the keyboard. For exam-
ple, when the sofkey “ROTATE”
@ is chosen, a set of eight arrows

is activated in the menu area.
" The arrows are associated with-
either port 1 or port 2 and the
™ direction and speed of rotation.
Of course, while the reference
~ plane is being changed the color
monitoris dynamically displaying
the result. This is the case for all
.. instructions; the color monitor
instantaneously reacts to any
== graphics command.
The color monitor provides
“ many different types of output,
some of which have already been
"™ mentioned. The various types of
graphs currently available are:
Smith, expanded Smith, polar, and
rectangular magnitude and phase
charts (color allows both to be
plotted simultaneously). There are
also formats which have graphs
., of all four S-parameters simulta-
neously on four different charts,
“ (Figure 7) in either rectangular or
polar form. Additional examples
1 of color graphics output are shown
in Figures 8 and 9. Along with
each graph are two frequency
markers which can be moved using
' atablet command. At any current
_ position, the values of frequency,
magnitude, and phase are dis-
played for each marker.

—

N

“% Conclusions and Future Plans
A highly interactive, user-ori-
1 ented, automatic network analyzer
system has been developed using
standard HP 8409 hardware, an
HP 1000 disk-basd minicomputer,
and a color graphics subsystem.
.. PLANA/1000 offers many ad-
vanced features not found in the
standard calculator-based HP
8409 package. The PLANA/1000
“! software provides an interactive
operator interface for hardware
calibration and device measure-
ment, a choice of several error
“* correction algorithms, control of
the phase-locked frequency
sources and other instrumenta-
.. tion, listing and plotting of datain
avariety of formats, disc and tape
file management. The additional

% APRIL — 1982

capabilities unique to PLANA/
1000 include real time display of
corrected S-parameter measure-
ments, tablet-driven commandes,
and color graphics output of
measured data.

The present system remains very
flexible and expandable so that
special applications can be easily
accommodated. Current work con-
tinues in order to extend digitiz-
ing table input and color monitor
output. Plans are included to
develop atleastsome entirely new
segments as well: a time domain
analysis segment, a macro-
command processing segment,
and a data base managing seg-
ment. The intelligenttime domain
analyzing segment can provide
important spacial information
which in some cases can be of
great use to the designer®. The
macro-command processor can
reduce the drudgery of repetitively
performing the same sequence of
inputs. Here aseries of commands
can be defined as a “new com-
mand” and remembered by the
computer. Executing this newly
defined command causes this
entire sequence of commands to
be executed. Indeed each poten-
tial user can individually define
the macrocommands that he most
often uses, or the engineer can
exactly define the testing se-
quence and output format with a
macro definition for a particular
device. Then a tester can perform
repetitive device measurements
with just one command. The task
of the data base manager is to
record and retrieve data about
each measurement including
device type, bias conditions,
validity of the measurement and
other attributes. The data base
would prevent users from dupli-
cating previous work and would
facilitate project coordination,
particularly in a manufacturing
environment. For example, one
might query the data base man-
ager about previous work on
amplifiers in the 12 to 13 GHz
region with greater than 10 dB
gain, and the data base manager
will respond that someone built
an amplifier of thattype two years
ago.

All of these ideas about the
future of PLANA/1000 represent a
continuing effort to improve and

[Continued on page 80]

double
balanced
mixers

standard level (-+7 dBm LO)

1.510 4.2 GHz
s now 33995 (1-9)

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e rugged 2 in. sq. milled
aluminum case

* SMA connectors

 low conversion loss, 7.5 dB
e |F response, DC to 500 MHz
e isolation, 20 dB

e microstrip construction

ZAM-42 SPECIFICATIONS
FREQUENCY RANGE, (GHz)

LO, RF 1.5-4.2

IF DC-0.5

CONVERSION LOSS, dB TYP. MAX.

Total range 026 8.5

ISOLATION, dB TYP. MIN.

1.5-2.0 GHz LO-RF 25 20
LO-IF 18 10

2.0-3.7 GHz LO-RF 25 1
LO-IF 18 10

3.7-4.2 GHz LO-RF 25 20
LO-IF 18 10

SIGNAL 1 dB Compression level +1 dBm

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM

For Mini Circuits sales and distributors listing see page 34

finding new ways. ..
setting higher standards

[JIMini-Circuits

A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. Bklyn, N.Y. 11235(212) 769-0200
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CIRCLE 58 ON READER SERVICE CARD

7!



80

11.5dB
irectional
couplers

0.5 to 500 MHz
only S11% 549

IN STOCK.. . . IMMEDIATE DELIVERY

e MIL-C-15370/18-002
performance*

e low insertion loss, 0.85dB
* high directivity, 25dB

« flat coupling, +0.5dB

e miniature, 0.4 x 0.8 x 0.4 in.
* hermetically-sealed

* 1 year guarantee

*Units are not QPL listed

PDC 10-1 SPECIFICATIONS

FREQUENCY (MHz) 0.5-500
COUPLING,dB  11.5

INSERTION LOSS, dB TYP. MAX.
one octave band edge 0.65 1.0
total range 0.85 1.3
DIRECTIVITY, dB TYP. MIN.
low range 32 25
mid range 32 25
upper range 22 15
IMPEDANCE 50 ohms.

For complete specifications and performance
curves refer to the Microwaves Product

Data Director, the Goldbook, EEM,

or Mini-Circuits catalog

For Mini Circuits sales and distributors listing see page 34
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[From page 79] ANA

expand upon the current capa-
bilities.
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Automatic Scalar Analyzer
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Uses Modern Technology

Paul Spenley and Will Foster

Marconi Instruments Ltd.

Microwave Products Division,

Stevenage, England

A new instrument now makes
possible truly automatic scalar
analysis. A microprocessor ena-
bles scalar measurements to be
displayed in an optimum form
without recourse to manually set
amplitude offset controls. The

1 results can be displayed ona CRT

together with alphanumerics for
operator convenience and hard
copy recording. The use of pro-
grammed memories rather than
log amps for correction of out of
square law and temperature ef-

_ fects minimizes drift and temper-

ature changes.

Detectors
The 6500 Scalar Analyzer has
the conventional 3 channels and

| uses a DC system for the detec-
tors. This overcomes the disad-

TEMPERATURE ERROR (dB)

-

NwbhinoN® b

e.
© =

0 5 10 15 20 25 30 35 40 4550
DETECTOR TEMPERATURE (deg. C)

vantage of inserting a PIN modu-
lator and modulation assymetry
errors. It is difficult with a modu-
lated system to achieve high power
testing without compression - a
measurement increasingly of im-
portance with GaAs FET amplifi-
ers and high level mixers.

Both the modulated and DC
systems give rise to errors due to
temperature changes and devia-
tions from true square law re-
sponse. Figure 1 shows a typical
power error reading that results
when the temperature of the chip
is varied about 25°C. Figure 2
shows the deviation from square
law response as the incident power
on the chip is increased.

The 6150 series of Detectors
used with the 6500 Scalar Ana-
lyzer use zero bias silicon
Schottky Barrier Diodes. These
have been characterized using
extensive measurements made
with the GPIB ATE system shown

in Figure 3. A correction table to
account for square law deviations
is held in EPROM within the 6500.
A temperature sensor mounted in
the detector head is used to pro-
vide data for temperature correc-
tion.

To achieve high accuracy in
absolute power measurements and
interchangeability of detectors,
tight limits are required on the
square law deviation. These are
met by having low chip to chip
variation in response over dynamic
range and by normalizing the
detector output using a load re-
sistor.

Since the i-v characteristic of
the diode is given by

v

i =f(v) = l.[e™ _q]

the saturation current Is and
ideality factor n are checked for
each batch of chips to ensure
consistent performance.

Fig. 1 6511 Detector temperature error.

P e el
e Ll

w

1O

25-20 -15-10 -5 0 5 10 15 2025
DETECTOR INCIDENT POWER (dBm)

SQUARE-LAW DEVIATION ERROR  (dB)
00

Fig. 2 6511 Detector Square-Law
deviation.
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FLOPPY GPIB DIGITAL
DISC CONTROLLER PLOTTER
o | /1 L
I | E5 1 1
SIGNAL POWER DIGITAL DIGITAL
ENERATOR METER VOLTMETER THERMOMETER|
POWER
SENSOR
. POWER
~ SPLITTER
AMPLIFIER  50MHz s i
LOW PASS T el
FILTER ETi
1
iy
ENVIRONMENTAL
CHAMBER
Fig. 3 6511 Detector error data aquisition system.
[Continued on page 84]
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19.5dB
directional
couplers

v
0.2 to0 250 MHz
only $13% 49

IN STOCK . . . IMMEDIATE DELIVERY

* MIL-C-15370/18-001
performance*

* NSN 5985-01-076-8477

e low insertion loss, 0.35dB
e high directivity, 25dB

e flat coupling, =£0.5dB

e miniature, 0.4 x 0.8 x 0.4 in.
e hermetically-sealed

e 1 year guarantee

*Units are not QPL listed

PDC 20-3 SPECIFICATIONS
FREQUENCY (MHz) 0.2-250

COUPLING, db 19.5

INSERTION LOSS, dB TYP. MAX.
one octave band edge 0.35 0.5
total range 0.385"+:0.6
DIRECTIVITY, dB TYP. MIN.
low range 36 30
mid range 32 25
upper range 25 20
IMPEDANCE 50 ohms

For Mini Circuits sales and distributors listing see page 34
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[From page 83] SCALAR ANALYZER

The DC equivalent circuit of the
detector and the diode parasitics
have been deduced and CAD
techniques used to obtain opti-
mum values for the thin film
matching resistor network shown
in Figures 4a & b thus allowing the
broadband VSWR of 1.2:1, .04 to
8GHz,1.5:18t018GHz and £0.5dB
flatness specification to be met.

MATCHING
“*RESISTORS
B

Fig. 4a Aluminum substrate and
matching elements

ZERO BIAS SCHOTTKY
DIODE CHIP
'd

o
RF. op :
INPUT i
o

0

R.F. BYPASS CAPACITOR

Fig. 4b Circuit of detector and
matching elements

Fig. 5 Detector head and field
replaceable RF module

The detector module comprises
an alumina substrate diode chip,
matching resistors, RF bypass
capacitor and temperature sen-
sor, see Figure 5. If the +26dBm
average burnout level is inadvert-
ently exceeded this field re-
placeable module only requires
the fitting of a simple resistor
supplied for load normalization.
No change to the EPROMs is
required. The power accuracy
shown in Figure 6 at 50MHz is
+0.3dB over the range 0 to
-30dBm and the detector tracking
accuracy is +0.5dB over the full
10MHz to 18GHz range.
Microprocessor

The DC signals from the detec-
tors are fed through triple
screened low loss cables to the
6500 input ports. Figures 7a & b

show the arrangements of each
signal channel.

To achieve the 0.01dB resolu-
tion over 66dB dynamic range the
microprocessor controls the 3
adjustable gain stages in order
that the dc level fed to the succes-
sive approximation Analogue/
Digital/Converteris held inacon-
stant 10dB window. The micro-
processor also can null out un-
wanted effects of range switching
spikes from the chopper and time
variations through an auto null
routine at each range change.

Thedigital output from the ADC
needs to be converted to loga-
rithmic form. Standard but poten-
tially inaccurate/unstable analog
methods of DC to log conversion
via logarithmic amplifiers is
avoided by the use of micropro-
cessor conversion technique. In
the 6500 the DC level digital output
from the ADC addresses a table of
data held in EPROM which
converts the data to logarithmic
form.

-

ERROR o (dB)
ok
.

'
-

: -:;5 ‘-25 -1A5 -5 5 15
INCIDENT POWER (dBm)

-85 -45

Fig. 6 Power accuracy at 50 MHz

——

Use of alook-up table dataheld

in EPROM is also made at this
stage to remove detector RFtoDC

conversion errors found out of ©

the square law region, and to cor-
rect for errors due to ambient
temperature variation.

The now accurate information *

obtained after correction is then
placed in one of the 3 channel
data stores for display on the

CRT. Manipulation of these data is %

very desirable using the keyboard
controls. Figure 8 shows how the
Intel 8085 CPU has access to vir-
tually all the hardware and con-
trols of the signal processing sys-
tem. Datum and amplitude ranges
may be set via the GPIB or key-
board, but in most measurement
situations an optimum display of
data is required. This is made
possible using an AUTO function
which places the CRT traces on

-

L3

=
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DETECTORA

SIGNAL MULTIPLEX

'SIGNALRANGEU
GAIN
S CHISWITCH
W PHASE
—x » SYNCRONOUS
DETECTOR TO
{o]

AUTOZERO
CIRCUIT

TO AUTO-ZER!
D/A

Fig. 7a Input circuitry

MULTIPLEX

AUTO-ZERO[ -~ ¥
AUTO-NULL EPROM
4 SQUARE-LA
v ORRECTIO
 DET.A_,
DET.B SIG
- PELS | A/D C.P.U
DELR _ ICHANNEL s 3
| SIGNAL RANGE l ]_4_,_ lgI'PEF:JIOPM
__TEMPREAD CORRECTION
Fig. 7b Data correction circuit.
FROM SIGNAL A/D SYSTEM SYSTEM | [KEYBOARD
CHANNELS ~|CONVERTER| RAM EPROM PINWHEEL
ADDRESS BUS L i 5
DATA BUS [ .
T T 2 £
GRATICULE| | ALPHA- 1/0 C.P.U
LINE A LINE B VIDEO NUMERICS| [INTERFAC GPIB
MIXER INTERFACE|
L Efebs | g [ II;& f
o ) %
< MP
PX PY L D/A GPIB
C.R.T. _ VIDEO '-—5-7-?52. 0-10V
DRIVE - TIMING 4 970V

Fig. 8 6500 amplitude analyzer block diagram.

the optimum scales and labels
them on the screen with a power-
ful set of alphanumeric graphics.
Low and high limits may be set on
both measurement channels and
a device under test exceeding
either or both of these limits results
in error messages being flashed on
screen and on SRQ sent via the
GPIB.

Keyboard operation provides
main operating programs as well
as interrupt routines. The main
programs are held in 25K byte
EPROM with 12K byte RAM for
temporary storage. Pressing a key
at any time causes the processor
to execute a special section of
code which corresponds to the
key function. If the key causes no
change to the current measure-
ment sequence, control reverts to
the main program.

APRIL — 1982

Display

The 6500 generates a 12 bitvol-
tage ramp output from a D-A con-
verter controlled by the proces-
sor. This is used to drive the
frequency of the RF source via the
external sweep input. The 6500 is
thus in control of the RF source
since for a specific voltage input,
agiven Sweeper or Signal Source
produces a specific output fre-
quency.

The ramp outputs provided are
0-10V and 0-20V for solid state
oscillator based and BWO based
RF sources. The ramp voltage is
initially set to zero, and the
sweeper minimum frequency en-
tered via the keyboard. This can
be checked using a counter. The
procedure is repeated at the max-
imum ramp voltage and the 6500
is now in control so that any fre-

[Continued on page 86]

low
distortion

IXers

hi level (+17 dBm LO)

5 to 1000 MHz
only S31% 520

INSTOCK. .. IMMEDIATE DELIVERY
* micro-miniature, pc area only
0.5x0.23 inches
e RFinputup to +14dBm

e guaranteed 2 tone, 3rd order
intermod 55 dB down
at each RF tone 0dBm

« flat-pack or plug-in mounting
e low conversion loss, 6.2dB
e hiisolation, 40 dB
* MIL-M-28837/1A performance*
® Oneyear guarantee
*Units are not QPL listed
TFM-2H SPECIFICATIONS
FREQUENCY RANGE, (MHz)

LO, RF 5-1000

IF DC-1000

CONVERSION LOSS, dB TYP. MAX.

One octave from band edge 6.2 7.0

Total range 07 109

ISOLATION, dB TYP. MIN.
LO-RF 50 45
LO-IF 45 40
LO-RF 40 30
LO-IF 35 28
LO-RF 30 20
LO-IF 25 17

SIGNAL 1 dB Compression level +14 dBm mir

For Mini Circuits sales and distributors listing see page 34
finding new ways. ..
setting higher standards
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electronic
attenuator/
switches

o

il

110 200 MHz
only $2895 (5 2

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e miniature 0.4 x 0.8 x 0.4 in.
 hi on/off ratio, 50 dB

e low insertion loss, 1.5 dB

* hi-reliability, HTRB diodes

e [ow distortion, +40 dBm
intercept point

* NSN 5985-01-067-3035

PAS-3 SPECIFICATIONS
FREQUENCY RANGE, (MHz)

INPUT 1-200
CONTROL DC-0.05
INSERTION LOSS, dB TYP. MAX.
one octave from band edge 1.4 240
total range 1.6 2.5
ISOLATION, dB IYPRSMING
1-10 MHz IN-OUT 65 50
IN-CON 35 25
10-100 MHz IN-OUT 45 35
IN-CON 25 16
100-200 MHz IN-OUT 35 25
IN-CON 20 10
IMPEDANCE 50 ohms

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM.

For Mini Circuits sales and distributors listing see page 34
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[From page 85] SCALAR ANALYZER

quency band within sweeper lim-
its can be examined. The min-
imum displayed resolution is
10MHz but on broadband sweeps
from F, to Fathisis further limited
to (F2-F4)/ 4096. The minimum
resolution via optional GPIB in-
terface is 4MHz.

Markers may be displayed on
the screen by keyboard operation
which also provides a A F sweep
about a centre frequency. Nine
front panel settings of frequency
and amplitude ranges, together
with any limits that have been
programmed, may be recalled so
giving microprocessor control of
a conventional sweeper. Software
allows for frequencies between
10MHz and 126GHz to be used as
higher frequency detectors be-
come available. Normal industry
practice is to provide a few per-
cent over the frequency range
so that startand stop points under
external drive do not often cor-
respond to integral values of fre-

at frequencies of interest. The
brightline can also be coupled to
the voltage Ramp by using the
display FREEZE Mode. Hence the
linearity of a sweeper may be
checked by observing a counter
output as the Spinwheel is moved
and voltage ramp successively
increased. Under GPIB control
correction for frequency non-
linearity could be made.
Hard Copy Output

The 6500 processor and key-
board used ordinary lab X-Y
recorders ro provide hard copy
output so that any convenient
size paper record of results may
be obtained. Axes are drawn from
a user defined original leaving
room on the paper for alpha-
numeric scale information to be
written by the plotter. Figure 10
shows a typical output where the
6500 has drawn axes, marked the
start and stop of the frequency
and marked the datum and range
of the amplitude measurements.
All that remains to be added by
the operator are date and device
type plus, of course, the QC stamp!

Developments across the whole

Fig. 9 6500 Front panel controls
and display

quencies. The 6500 caters for this
by providingintelligent frequency
scaling on the graticule as shown
in Figure 9 where a 10 MHz to
10.39 GHz sweep shows the gra-
ticule lines at 2,4,6,8 and 10 GHz.
Spinwheel

The need often arises in micro-
wave measurements to closely
examaine a feature in a device
response curve, be it a filter,
amplifier, antenna etc. The 6500
has a “brightline” cursor driven
from a Spinwheel. This provides
an on-screen readout of frequency
and powerto 10 MHz and 0.01dB
resolution. The brightline control
with the microprocessor form a
powerful analytical tool. Response
features can be examined in detail
by zooming in on a brightline
defined frequency range; maxi-
mum and minimum values may be
instantly identified; a AF fre-
quency sweep initiated for filter
and amplifier analysis entered; or
up to 8 on-screen markers placed

0.0

5.0 L L i L 1 1 et

d
2.00 18.60

Fig. 10 Typical 6500 hard-copy output.

field of electronic engineering
have made possible this sophisti-
cated accurate measurement
instrument so that reliable results
can be obtained at low cost in
short operating times. Operator
convenience of controls and on-
screen graphics using modern
technologies ensure the ease of
use demanded by today’s micro-
wave industry.
Acknowledgements
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Microwave Network Analyzers
For Millimetric Bands

Alan Frampton

Flann Microwave Instruments, Ltd.

Cornwall, England

Introduction

The true network analyzer has
become an indispensable tool in
providing the user with the full
characterization information nec-
essary to achieve the highest
performance from components
and systems. For engineers
working at frequencies below 18
GHz there is some choice in the
range of analyzers commercially
available. Above 18 GHz, there
are fewer alternatives. A new
automatic network analyzer
system for use above 18 GHz, the
MNA series, is discussed.

Background

Slotted line techniques have
been and are still used as econ-
omical methods for determining,
at discrete frequencies, Voltage
Standing Wave Ratio and phase.
The argument for “economical
methods” is justifiable only if a
finite number of measurements
are made and the tolerance and
residual characteristics of the
slotted line are acceptable (e.g.
for waveguide models the best
attainable residual SWR at 10 GHz
is of the order of 1.01 and at 100
GHz, 1.03). Further limitations are
that only reflection measurements
can be readily performed, re-
peatability is subject to operator
technique and the method is
laborious.

Once fuller and more complex
measurement data is required, in
such areas as broad band assess-
ment, quantity production, im-
proved repeatability or higher
accuracy, a more sophisticated

, system is necessary. For these

=l
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purposes, consideration may be
given to relectometer systems,
involving swept frequency tech-
niques, where suitable equipment
is available up to frequencies in
excess of 100 GHz. These systems
provide fast and accurate “scalar”
measurements, the quality of the
system being determined prinici-
pally by the directivity of the
directional couplers used. The
fundamental limitation of the
reflectometer systems is that
phase angle measurements cannot
be made.

The facilities necessary to
provide complete measurement
data are found only in true
microwave network analyzers. For
those working at millimeter
wavelengths, generally the only
options available to date have been
either slotted line or swept “scalar”
measurements. It should be
mentioned that some manufac-
turers have produced double
down-converter systems, but
these have their limitations in
terms of high costs and the
inherently poor performance of
the coaxial linecomponents used.

The MNA Concept

Systems incorporating 6 port
network techniques have attracted
wide interest in recent years. The
underlying reason for that in-
creased interest is that the vector
analysis and full characterization
associated with 6 port systems
cannow be adequately processed
and easily accommodated with
the use of micro-computers. The
MNA design incommon with other
analyzer systems is based on 6

port measurement techniques'.
Theoretically an ideal 6 port meas-
urement network can be outlined
as described below.

Taking areference vector ‘A’ (unity
SWR - incident wave) and a
variable vector ‘B’ (reflected wave)
with a phase difference ¢ , from
geometrical consideration as
shown in Figure 1:

Fig. 1 Vector diagram.

R:%2= (B Sin ®)? + (1- B Cos ®)?

= B?Sin’® + 1-2B Cos ®
+ B? Cos’®
= B? (Sin® + Cos’®) + 1-2B Cosd

=B?+1-2BCos®
2B Cos® =1+B?-Ry?

1+B%-R,?
2B

[Continued on page 9i
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[From page 89] MILLIMETRIC

(1 + B? - R?)
& = +ARC Cos 2B Anonke
A B

Now B/A is the magnitude of the
reflection coefficient ||

The SWR is 1 + |'|/1 - |I'| and
return loss is -20 log1o| |

As shown in Figure 2, a di- @
rectional coupler is used to
measure the incident power ‘A’,
which in this case is unity. A | @ +——————————___________ =
second high directivity coupler is
used to measure the reflected

1 R>

DIRECTIONAL
COUPLER

DIRECTIONAL
COUPLER

DEVICE

‘{ } UNDER

TEST

—_——— 1 — — —— =

power ‘B’. Information for de-

6 Fig. 2 Basic 6-port measurement network.
termining the resultant vector of ! "

‘A’ and ‘B’ is derived from R,y , a
probe in the line. The phase at R,
can be translated from the probe

position to the reference plane of PROGEASING Il
the system. The vector measure- COMPUTATION [——® o(PHASE ANGLE)
ments, unfortunately, are ambi- K K B K )
guous because of the * sign of Al 8l r| Rd R Re
the phase. To resolve the ambi-
guity, a phase measurement from
a second probe, Rz, is required MICROWAVE

andthe phase difference between @‘_— R WORE { but
the two probes has to be de-
termined. The phase difference

can be any value other than 0° or
180°, the optimum being 90°. Fig. 3 Ideal 6-port network for reflection measurement.

The most commonly asked
question about radomes is, “Don’t
_ they affect antenna performance?”
B The plain truth is, they do.

They make it superbly consistent.
With an ESSCO radome protecting your antenna,
you can rely on its performance. It won’t vary.
Weather, on the other hand, plays havoc with an
exposed antenna.
Ice, snow, high winds, even humidity can
have an enormous—and unpredictable—effect.
So if you can’t always count on perfect
weather, you’d better count
on an ESSCO radome.

Esscol N

ELECTRONIC SPACE SYSTEMS CORPORATION
Old Powder Mill Road, Concord, MA 01742
(617) 369-7200 TELEX 92-3480
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MICROWAVE MEASUREMENT MODULE |/
&EMEASUREMENT& \7
PORTS MICROWAVE
OSCILLATOR
REFLECTION MODULE

Fig. 4 MNA system diagram

A directional coupler can be
substituted for the probes to
combine the A and B vectors, R,
and Rz. Thus the ideal 6 port meas-
urement network, as shown in

Figure 3, comprises:

1) Aninput port for signal source
2) A measuring port to connect
the “device under test” (DUT)

3) A port for measuring incident
signal ‘A’

4) A port for measuring reflected
signal ‘B’

5) & 6) Two ports for measuring
the vector sums ‘A’ and ‘B’ at
differing phases. (For higher
accuracy angular measure-
ments additional vectors Rz and
R4 can be sampled.)

As stated in the introductory
section and further illustrated in
the prinicple of 6 port coupler
operation, the MNA had to be
designed to be ‘user friendly’ due
to the sheer complexity of the sys-
tem concept. By the use of ‘para-
meterized software’ the operation
of the MNA can be adjusted with-
out reprogramming. When the
MNA is switched on, the operator
is offered a choice of types of mi-
crowave measurements which are
listed, in the form of a ‘menu’ of
“stored pre-defined set-ups” dis-
played on the controller VDU.
The selection of a particular set-
up from the ‘menu’ having been
made, the measurement profile is
then optionally displayed. The

operator is now able to choose
[Continued on page 92]

The first microwave handbook
for systematic design of coax and waveguide absorbers...

FERROSORE
(:::::;%FLEXSDHB
ARBOSORE

MICAOWAVE ABSORBERS
a catalog and designer's handbook

g

It’s the only one you’ll ever need

Catalog F-81 is a materials catalog plus a comprehensive
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either to adopt the profile as it is
displayed or to modify it in order
to derive a set of measurement
parameters peculiar to the eval-
uation of the specific device under
test. Once the required measure-
ment profile is initiated, the mea-
surement will be completed en-
tirely without manual intervention.

The MNA System

The MNA system, as shown in
Figure 4, comprises acontroller, a
microwave oscillator, a sequencer,
several control modules and a
microwave measurement module
which house the 6 port network.
Almost any GPIB compatible
system controller may be used
with the MNA, as much of the
computation is executed by the
sequencer module.

In selecting a source for the
system, attention was given to
many factors including power
output, stability, frequency resolu-
tion and cost. During the period
of the MNA development, syn-
thesized sources were not readily
available for all the millimeter
bands. As the principle require-
ments for a source were pro-

grammability and repeatability
rather than absolute frequency
accuracy, the conventional os-
cillator, with the addition of
frequency drift temperature com-
pensation, provided a suitable
precision programmable fre-
quency source. In the 26.5 to
40GHz frequency band, the source
is a Gunn diode mounted in an
oscillator cavity. The oscillator is
mechanically tuned by a precision
short which is positioned by a

stepper motor and it’s associated
control processor. The frequency
resolution of the source is in the
order of 10MHz and repeatability
istypically =1 motor step which is
equivalent to approximately 3 MHz
at 35 GHz.

The sequencer, with its para-
meterized software, performs the
bulk of the MNA processing
functions. In addition the se-
quencer module contains all the
necessary software to govern three
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Fig. 5a MNA reflection measurement calibration (enhanced measurement.)
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Date 18 Dec 81 Time is 13.28 Date 18 Dec 81 Time is 14.27
REFECTION MEASUREMENT REFLECTION MEASUREMENT
Sliding Termination Set to 0 mm Sliding Termination Set to 0 mm
F(GHz) SWR R/L(dB) Phase(°) L(mm) F(GHz) SWR R/L(dB) Phase(°) L(mm)
29.00 1.138 23.80 +29.0 0.61 29.00 1.138 23.79 +28.5 0.60
30.00 1.126 24.55 +22.3 0.43 30.00 1.125 24.58 +21.4 0.42
31.00 1.116 25.20 +20.8 0.38 31.00 1.117 25.16 +19.5 0.36
32.00 1.112 25.54 +14.8 0.26 32.00 1.11 25.55 +14.9 0.26
33.00 1.110 25.62 +18.4 0.30 33.00 1111 25.60 +17.6 0.29
34.00 1.108 25.79 +18.1 0.28 34.00 1.109 25.76 +16.0 0.25
35.00 1.101 26.37 +17.1 0.26 35.00 1.101 26.38 +16.6 0.25
36.00 1.102 26.28 +11.0 0.16 36.00 1.101 26.34 +9.5 0.14
37.00 1.103 26.22 +11.2 0.15 37.00 1.105 26.07 +10.7 0.15
38.00 1.099 26.56 +9.6 0.13 38.00 1.098 26.60 +8.3 0.11
Sliding Termination Set to 4 mm Sliding Termination Set to 4 mm
F(GHz) SWR R/L(dB) Phase(°) L(mm) F(GHz) SWR R/L(dB) Phase (°) L (mm)
29.00 1.133 24.12 -143.2 4.53 29.00 1.133 24.09 -142.7 4.54
30.00 1.16 24.55 -130.2 4.48 30.00 1.126 24.56 -130.5 4.48
31.00 1.115 25.30 -121.7 4.36 31.00 1.115 25.30 -120.6 4.39
32.06 1.107 25.86 -112.4 4.28 32.00 1.108 25.83 -112.4 4.28
33.00 1.108 25.82 -102.3 4.22 33.00 1.108 25.79 -102.3 4.23
34.00 1.107 25.88 -90.5 4.21 34.00 1.106 25.92 -90.6 4.21
35.00 1.102 26.27 -77.8 4.20 35.00 1.101 26.39 -76.2 4.23
36.00 1.098 26.65 -68.5 4.16 36.00 1.099 26.49 -68.6 4.16
37.00 1.102 26.26 -58.1 4.13 37.00 1.102 26.25 -57.6 4.14
38.00 1.101 26.33 -46.1 4.13 38.00 1.102 26.25 -46.9 4.12

Fig. 5b MNA reflection measurement results.

[Continued on page 94]
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control processors, within the
MNA, which interface to the 6 port
microwave network.

The final section of the system,
the microwave measurement mo-
dule, houses the programmable
reference attenuatorand switches.
Access to the measurement mo-
dule terminals is provided in the
form of three flanged wave-guide
ports on the front panel. The re-
flection terminal is used for SWR
and phase angle measurements.
Both measurement ports are used
to measure transmission parame-
ters. The third port on the front
panel is for the RF input signal.
Because of the delicate nature of
millimetric band equipment the
MNA is also supplied with a com-
ponent mounting platform secured
to the microwave measurement
module below the measurement
ports. The platform and stands
provide the means for positional

adjustment and the secure sup-
port of components and devices
under test.

Performance

One of the most important
features of the MNA performance
is its ‘enhanced measurement’
facility, see Figure 5a. By em-
ploying calibration standards at
the measurement plane together
with vector correction computa-
tions within the system, it is
possible to ‘enhance’ the
measurement accuracy. The
effective measurement directivity
of the MNA at the plane of the
measurement port, using the
‘enhancement’ technique, is
greaterthan 50dB. All ‘calibration’
and ‘enhancement’ data are stored
on tape in the system controller
during manufacture. If a user
requires measurements with ‘en-
hanced’accuracy at an alternative

PROCESSING > PHASE DIFFERENCE A® = ®ger - Dpur
IN STOCK . .. IMMEDIATE DELIVERY ; ::i < AND Ly DIFFERENCE OF MAGNITUDE Al | = [reel - [l
COMPUTATION |, MAGNITUDE OF DIFFERENCE|AT| = |fer - our|
* low insertion loss, 1dB A B}., Ra|Rs| Re
e high directivity, 25 dB SCRGWATE
; REFERENCE
« flat coupling, +0.6dB (O——— muireort ]

e rugged 1% inch square case

* 3 mounting options—thru hole,
tapped hole, or flange

¢ 4 female connector choices—
BNC, TNC, SMA and Type N

e 3 male connector choices—
BNC, SMA and Type N

e connector intermixing available,
please specify

e 1 year guarantee

ZFDC 10-1 SPECIFICATIONS
FREQUENCY (MHz) 1-500

Fig. 6a MNA reflection comparator system.

COUPLING, db 10.75
meemmoniosec e v | [
total range 1.0 1.3 29.00 .0032 -.0010 .7 +.04
DIRECTIVITY dB TYP. MIN. 39.00 .0032 -.0010 .7 +03
’rgnvcvj fgr‘]% 2 gg gg 31.00 .0039 -.0016 2.0 +.04
Fperranis Bo LR 32.00 .0043 -.0010 2.3 +04
IMPEDANCE 50 ohms 33.00 .0035 -.0018 1.7 +.03
For Mini Circuits sales and distributors listing see page 34 34.00 .0034 -.0020 +1.5 +.02
finding new ways ... 35.00 .0032 -.0018 +1.5 +02
it o e 36.00 0035 -.0016 n.7 +02
m Mini-Circuits 37.00 0034 -.0026 1.2 +02
A Diision of Scientific Components Corporation 38.00 .0041 -.0026 +1.8 +02

World's largest manufacturer of Double Balanced Mixers

2625E. 14th St. B'klyn, N.Y. 11235(212) 769-0200
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Fig.6b The comparatordata for rotation of the flange of a 1.25:1 mismatch through 180°
on the MNA measurement port.
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Fig. 7 MNA absolute transmission measurement system.

PROCESSING |4 = ANGLE s% - §,8
AND

Siza
COMPUTATION [—PTRANSMISSION LOSS = -20(logds?:”| - 8.2 )
4 b

STORED

h 4

>

Ri| Rz Rs| R4

MICROWAVE
MULTIPORT
NETWORK

Sica= 512®XS12® X Sw@

DuT

S12b=5::9xS.Y x 8%

Fig. 8 MNA transmission comparator system.

TABLE |
Characteristics MNA Model 81000-22 MNA Model 81000-27
Frequency band 26 - 40 GHz Centered at 90 GHz
S Parametor measurements ves ves
Error Correction Applied Applied
Dynamic range 47dB 40dB Provis-
Sensitivity -35dBm -28dBm; ional
Effective directivity 50dB aogp | date

[Continued on page 96]
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power
splitter/

combiners
2 way 0°
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AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e rugged 1% in. sq. case

e 3 mounting options-thru hole,
threaded insert and flange

¢ 4 connector choices
BNC, TNC, SMA and Type N

e connector intermixing
male BNC and Type N available

ZFSC-2-1 SPECIFICATIONS
FREQUENCY (MHz) 5-500

INSERTION LOSS,

above 3dB TYP.  MAX.
5-50 MHz 0.2 0.5

50-250 MHz 0.3 0.6

250-500 MHz 0.6 0.8

ISOLATION, dB 30

AMPLITUDE UNBAL., dB 0.1 0.3

PHASE UNBAL.,

(degrees) 1.0 4.0

IMPEDANCE 50 ohms

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM.

For Mini Circuits sales and distributors listing see page 34
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external reference plane, then a
separate program for this purpose
can be selected.

For SWR measurements of less
than 1.2:1, the measurement
uncertainty is £0.006; the re-
flection co-efficient ‘circle of
confusion’ radius is less than
0.005. Transmission loss magni-
tude accuracy is better than 0.1
dB and transmission and reflec-
tion phase measurements are
accurate to 2°. The typical MNA
test results shown below are
presented in tabular form rather
than in Smith chart form to illus-
trate the degree of measurement
accuracy attained. Repeatability
of measurement is generally an
order better than the measure-
ment accuracies stated.

To further illustrate the MNA
measurement capability, it was
noticed at one stage of develop-
ment that the results of reflection
measurements using an adjust-
able short did not agree with the
figures expected from the wave-
guide dimensions. The discre-
pancy shown to be attributable
entirely to small differences in the
radii at the waveguide corners. It
is worth noting, therefore, that
impedance standards with ‘sharp’
waveguide corners will exhibit a
difference in performance from
those constructed in waveguide
with the accepted finite corner
radii. For precision measurements
such differences must be identi-
fied and taken into consideration
prior to any component evalua-
tion. The performance of the MNA
is particularly relevant to applica-
tions such as monopulse systems
where realizing a precise compar-
ison of transmission loss and
phase angle through the various
portsis very important if the chan-
nels are to be balanced. The ac-
curacy of an MNA in the 90 GHz
band presently in an advanced
state of developmentis compared
to that of the 35 GHz system in
Table I. Figure 6a illustrates the
use of the MNA for reflection
comparison measurements and
the results of comparison mea-
surements (Figure 6b) on a 1.25:1
mismatch rotated 180°. The abso-
lute transmission measurement
set-up is shown in Figure 7 and
the transmission comparator set-
up is shown in Figure 8. ®
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