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FOREWORD

This is the fifteenth semiannual astatus report on NASA Grant
NSG-5012. The grant period is from June 15, 1974 to January 31, 1982
and includes nine extensions and increases to the scupe and funding of the
program. The total funding to date is $696,433 of NASA funds and $35,961
in Georgia Tech cost-sharing funds, for a total of $732,394. Current grant
funding is at a level of $60,000 with Georgia Tech providing $3,158. The
curreat grant period extends through January 31, 1982.

As indicated in previous reports, and although not required by the
grant, informal monthly letter type reports have been written and furnished
to the NASA/GSFC technical monitor, J. Larry King in order to keep him
abreast of project activities on a current basis. We believe this provides
a better opportunity for NASA to direct the technical efforts of the
program for the maximum benefit of the government. Copies of each of the
monthly reports for the current period (eighty-three through eighty-seven)
are contained in Appendix A. This fifteenth semiannual report will replace
the eighty-eighth monthly letter (since this semiannual report is being
furnished during the time the eighty-eighth monthly report would normally
be written).

Responsibility for technical effort on this grant lies in the
Electromagnetics Laboratory, under the general supervision of R.G.
Shackelford, Director. R.E. Forsythe has beentappointed Principal
Investigator of this program, which has the internal project number,
A-1642. The program technical effort is divided between the Radiation
Systems Division, responsible for source and mixer development., the Electro-
Optics Division, responsible for radiometric measurements, quasioptical
techniques, and analysis, and the Solid State Sciences Division, responsible
for mm~wave mixer diode development.

Contributors to the technical effort and/or this report during the
past six month period include: J.J. McSheehy, D.0O. Gallentine, R.W. McMillian,
G.N. Hi1l, J.M. Schuchardt, R.G. Shackelford, S.M. Halpern, and Student
Assistants: C. Grizzle, J. Shaver, A. Miller, and B. Crawford.




1.0 INTRODUCTION
During the past six months, efforts on this project have been devoted
to: 1) the assembly and testing of 183 and 220 GHz X2 subharmonically
pumped mixers; 2) the development of a computerized version of the
automatic noise figure measurement system, and 3) the investigation of
impedance matching techniques suitable for these types of mixers.
Significant events during the past six months include:
1) Design of narrow and broadband (one octave) matching networks
for the subharmonic mixers:;
2) The completion of the automatic mixer noise figure test
facility;
3) The evaluation and characterization of subharmonic mixers and
systems that use them at 183 and 220 GHz; and
4) The publication of these results at the IEEE-MTT International
Conference on IR and MM-Waves during December 1981 at Miami
Beach, Florida (see Appendix B).




2.0 MIXERS
2.1 Noise Figure Measurements

Noise figure measurements of several systems using subharmonically
pumped mixers at 183 and 220 GHz have been made during the past six
months. A summary of these measurzments is presented in Table 1. Some
of these systems have been delivered to other U.S. Government agencies
that helped support some of this work.

The measurements shown in this table represent levels of performance
achieved under various conditions. Some measurements were made with
cleaner local oscillators than others. Some were made using different
IF amplifiers and different IF frequencies. Some were made with IF
matching networks. Also, different types of corrugated horn antennas
with different lengths of waveguide runs prior to the mixer were used
during these measurements. A summary of easily achievable system noise
figures and bandwidths using these types of mixers under the besat set of
conditions is given in Table 2.

2.2 1IF Impedance Measurements

Measurements of IF impedance and system noise figure for a 225 GHz
X2 subharmonically pumped mixer were made as the LO power was turned up
using a LO level set attenuator. The graph in Figure 1 shows s summary
of the results. The horizontal axis is the micrometer reading on the LO
attenuator and LO power is increased as the reading increases.

The IF measurement was done using an IF reflectometer and sweeper.
The system noise figure was measured using a masnual Y factor measurement.
This set of measurements shows that an optimum LO level for this mixer
had not been reached on this particular set of measurements. This graph
illustrates the effect of IF mismatch on the system noise figure. The
system noise figure remains the same as the LO power is increased while
the loss due to IF mismatch goes up. This graph shows that the system noise
figure cam be improved by IF matching, and that more LO power is needed for
optimum mixer operation. This graph also indicates how much improvement
can be obtained with matching, and can also be used to determine the IF
impedance at the antiparallel diode pair. These data can then be used to
design the matching network. It is significant that this set of data
took almost a full day to compile using these particular measurement

methods.
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However, it would have taken much longer to determine the optimum
operating point for the mixer using an iterative procedure in which the
system noise figure is optimized; the IF mismatch is measured; and the
systen noise figure is then optimized with an IF ma:ching network (made
to match the previously msasured IF impedance). This procedure would
continue until the best possible noise figure is obtained.

Figure 2 shows another set of data taken in just one hour using the
automatic noise figure measurement facility, which is described in more
detail later. These data were taken using a 183 GH: X2 subharmonically
pumped mixer with an IF frequency of 2.0 to 4.0 GHz.

2.3 Impedance Matching Techniques

The types of impedance measurements that were iust described are
valuable tools for mixer evaluation and optimization. These measure-
ments using this automatic noise figure test facility do not contain
any phase information which is needed for impedance matching. Fortunately,
these measurements can be combined with a mixer IF equivalent circuit
to obtain the phase information needed to design the IF matching
networks. The equivalent circuit simpiy consists of a high impedance
load at the end of a short section of 50 Ohm transmission line (~0.4 inches).
The magnitude of the high impedance lcad can de determined directly froms
the IF mismatch measurements that are made with the sutomatic noise
figure test facility. Currently, two techniques are being examined
for IF matching. The first involves adding a length of 50 Ohm transmission
line until the IF impedance is a real value at the center frequency of
the IF hand. Then a single or double stage quarter wave transformer is
used to match this impedance to 50 Ohmes. The second technique also
involves adding enough transmission line to get the mixer impedance at
the center frequency of the IF band to exhibit a real value. Then a
resonant circuit is used to transform the IF impedance over the IF band of
interest into a smaller circle around this real impedance. A quarter wvave
transforser is then used to match this et of impedances to 50 Ohms. The
second technique is expected tc perform better with the broad bandwidths
required for these mixers.
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3.0 AUTOMATIC NOISE FIGURE MEASUREMENT SYSTEM
3.1 System Description
The automatic noise figure measurement system currently consists of

two versions, analog and digital. The block diagram of this system is shown

. in Figure 3. Both versions measure the gystem noise figure and the
mismatch to the mixer at the IF port. A square wave voltage is present
at the output of the square law detector at a frequency corresponding

to REF 1. This signal 1s generated by a fan blade chopper switch that
causes the receiver or mixer under test to alternately view an LN2 or
room temperature, free space, absorbing load. The LN2 load is enclosed

in a styrofoam container and has been calculated and measured to exhibit
a 100 K brightness temperature.

The IF mismatch is measured using a noise diode that is injected
at the IF port via a 20 dB coupler. This noise diode, when switched on
and off at a frequency corresponding to REF 2, generates another
square wave voltage that is superimposed on the previous one, and can
be used to calculate the IF mismatch. The analog system automatically
switches the noise diode on and off at the frequency REF 2 which can be
switched between one fourth and one tenth of the frequency of REF 1.
System noise figure, mixer noise figure, and IF mismatch are then
measured and displayed continuously on the three front panel meters.
This analog version is especially convenient for tuning and optimization
of the mixer.

The digital system goes one step further and actually calculates the
values of the Y factor, IF mismatch, system temperature, system noise
figure, and gain (in K/volt). This version uses an HP digital voltmeter
with an HPIB compatible output connector to measure the square wave
voltages corresponding to the system temperature and IF mismatch. This
voltmeter is controlled by an HP 85 programmable computer with a

printout capability. The program that controls the measurement is a
user oriented program that asks for the input parameters as given in
Table 3, and, to some extent, will tell you what to do if, and when, you
key in the wrong data.
This measurement program has several modes. These a:e:
1) setup;
2) tuning;
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Table 3

INPUT PARAMETERS FOR NOISE FIGURE MEASUREMENT

Current Parameters

1. Mixer 1.D. ¢# = 6/183/3/3
2. Chopper Frequency = 25.0 Hz
3. Hot Load Temperature = 290.0 K

4. Cold Load Temperature = 100.0 K

5. TIF Gain = 60.0 dB
6. IF Bandwidth = 1.0 Gliz
7. IF Noise Figure = 3.0 dB
8. RF Losses = .75 dB
9. Noise Diode ENR = -4.8 dB
10. Video Amp Gain = N/A
11. Square Law Detector
Factor = 800 V/W

Changes ?, Enter # or § for Exit ?

11
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3) 1IF mismatch; and
4) Parameter input.

Setup must be done first. This mode simply asks for the date of
the experiment to be entered. Then the parameter input mode is engaged
to provide the necessary information to the program so that it may
‘ perform the calculations. The tuning routine is a repetitive measurement

of noise figure that updates itself at about one second intervals. IF
mismatch is not measured in this mode.

The IF mismatch mode is a one time measurement of IF mismatch,
system noise figure, and mixer noise figure. Once the mixer is tumed,
the LO power can be varied to ob*ain plots similar to those shown
earlier. Sample outputs of these two types of measurements are given in
Table 4. (A paper describing this system has been accepted for
presentation at the May 1982 SPIE meeting in Washingtom, D.C.)

3.2 Noise Figure/IF Mismatch Calculations
The receiver alternately views an LNZ load through a styrofoam

container and a room temperature load. A chopper is used to switch
between the two loads, a square wave voltage is then generated at the
output of the receiver. The computer uses these two voltages as well as
the dc offset voltage (measured with the IF amplifier turned off) to
determine the system noise figure. The equations for this measurement

are:

vV, -V
H 0
1) Yoer7——" 3
Vc vo
T, - YT
H c .
2) Fsys Y-1 ’
% Tszs
% and 3) Fsys = 10 log ( 290 + 1)
* Where: TH =  290K;
T = ]100K;
c

Y = Y factor;

sys = System Noise Figure (dB);

12




Table 4

OUTPUT OF DIGITAL AUTOMATIC NOISE FIGURE MEASUREMENT SYSTEM

Mixer I.D. # =6

IF Mismatch = 1.6 dB
Mixer Noise Figure = 5.8 dB
Y Factor = 1.050 IF Mismatch

Mode

T = 3714 K

sys

System NF = 11.4 dB
Gain = 2007 K/V
Mixer I.D. # =6

. Y Factor = 1,049
Tuning

T = 3781 K Mode

sys

System NF = 11.5 4B

13
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= System Noise Temperature (K);
V,, = Output voltage when viewing room temperature load;

V_ = Output voltage when viewing cold load;

and Vo Offset voltage when IF amplifier is off.

IF mismatch is meusured using a one time measurement. Noise is
injected into the mixer IF port with a noise diode and a 20 dB coupler.
The reflected noise is then measured as a dc shift in the output voltage
of the receiver. The loss due to IF mismatch is then calculated using:

vﬁn " vo
M=y —v
voff vﬁ
and LIF = ENR ~ 10 log [E - FIF(H -1)]
where:
Von = Qutput voltage with noise diode on;
Voff = Qutput voltage with noise diode off;
LIF = Loass due to IF mismatch;

ENR = Excess noise ratio of diode (dB);
E = Excess noise ratio of diode (ratio);
and F__ = IF noise factor.

*
Mixer noise figure is then calculated using:

L Fsys “Lgp ~Lip -~ Frp
where:
F, = Mixer Noise FPigure (dB);
LRF = RF losses prior to mixer (dB).

*
These calculations assume a mixer diode noise ratio of 1.

14



4.0 EFFORTS PLANNED FOR THE FIRST HALF OF 1982
The work planned for the next six months will consist of a continua-
tion of the work that has been described in this report, with the
. addition of some tasks. In particular, work will begin on the
integration of IF preamplifiers with these subharmonic mixers. Also,
. more X4 220 GHz mixer bodies will be machined so that research can
continue with these mixers.

15




.
%
APPENDIX A
Monthly Progress Reports
Eighty-three through Eighty-seven

16




RESEARCH IN MILLIMETER WAVE TECHNIQUES
Eighty~Third Monthly Progress Report

Report Periocd
1 July-31 July 1981

Report Prepared
August 1981

NASA Grant No. NSG-5012
GT/BES Project No. A-1642

Principal Investigator: R. E. Forsythe
Project Monitor: J. L. King

Georgin Institute of Technology
Engineering Experiment Station
Electromagnetics Laboratory

Atlants, Ga. 30332
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1.0 MIXERS
Several X2 220 CHz mixers were assembled and tested during this period.

One exhibited a system noise figure (DSB) of 13 dB over a 2-4 GHz IF bandwidth.
This indicates a 9 dB mixer noise figure witha 1-2 dB improvement expected
using an IF matching network. This improvement is due primarily to the better
10 noise cancellation propcrtici of this particular mixer and careful tuning
of the 108 GHz Gunn/tripler used for the LO. The LO was tuned for maximum
output with minimum noise using a single ended mixer. The IF was displayed

on a spectrum analyzer to monitor LO noise while the rectified dc current

vas monitored to measure the power output of the LO.

2.0 Work to be Performed During the Next ®eriod
Measurements on and asseably of these mixers (both X2 and X4) will continue.

18



RESEARCH IN MILLIMETER WAVE TECHNIQURS
Eighty-Fourth Monthly Progress Report

Report Period
1 August-31 August 1981

Report Prepared
September 1981

RASA Grant No. NSG-3012
GT/EES Project No. A-1642

Principal Investigator: R. E. Forsythe
Project Monitor: J. L. King

Georgia Institute of Technology

Engineering Experiment Station

Flectromagnetics Lsboratory
Atlants, Georgia 30332
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1.0 Mixers

One of the X4 mixers which vas assembled and tested during this month
exhibited a 12 dB system noise figure (DSB) over a 0.75-1.00 GHs IF
bandvidth. The mixer noise figure was determined to be 8.5 during this
measurement. A special IF matching network was made to help match the IF
output port. IF impedance and system noise figure measurements versus L0
pover were made to determine the optimum opesrating point for the mixer. A
mitching network was then made to match the IF impedance that occurs at that
point.

2.0 Work to be Performed During the Next Period

Assembly, testing and evaluation of these mixers will continus.

g

20



RESEARCE IN MILLIMETER WAVE TECENIQUES

Eighty-fifth Mouthly Progress Report
Report Period

September 1 through September 30, 1981
Report Prcpn:d
October 15, 1981

NASA Grant No. N8G-5012
GT/EES Project Mo. A-1642

Principal Investigator: R.E. Forsythe
Project Monitor: J.L. King

Georgia Institute of Techuology
Enginearing Expsriment Station
Rlectromagnetics Laboratory
Atlanta, Georgia 30332

21




Y OF

1.0 Mixers

The 183 GHz front end and IF components were removed from
the B-57 radiometer system for testing and evaluation. The IF
noise figure contributiuns at each channel were measured with and
without the FEL triplexer nusing a noise diode. A summary
of the IF noise figures is shown in Table 1. The main problems
with the triplexer are that the crossover frequencies are off
almost 500 MHz on the two lower bands and the overall insertion
loss in the passband is slightly higher than expected. These
problems will be investigated and solved prior to the next
set of flights by NASA/GSFC.

Measurements of system noise figures at 183 GHz (using the
X2 subharmonic mixer) were made with a radiometer assembled
in the lab. The noise figures messured during this test are
summarized in Table 2. An IF matching network was made at
1.7 GHz to show the effect of matching on aystem noise figure.
A 2 dB improvement in noise figure has been achieved through
IF matching. This implies that a 7.2 4B system noise figure
at 750-1250 Mz is aclidievable since 9.2 dB vas measured without
a matching network.

These measurements vere made witn the only mixer available
during this period. Substrate circuits have been in short
supply. These are not the best noise figures that have been
measured and better noise figures are expected with these mixers.
The lens and triplexer wers not used during this test. The
system noise figures are DSB and include contributions from the
horn, RF waveguide, RF mismatch, LO noise, mixer, IF preamp and

22



Table 1

IF NOISE FIGURE CONTRIBUTIONS

Noise Figure (dB)

Channel IF Amp Triplexer Cable Total

1.5 - 300 2Q5 105 008 4.8

4.0 - 6.0 3.2 2.0 1.0 6.2

7.5 - 10.0 5.2 0.5 1.9 7.6
23
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Table 2

183 GHz RADIOMETER SYSTEM NOISE FIGURES

IF Frequency

IF Noise Figure

System Noise Figure

0.75 - 1.0 GHz
1-5 - 3-0 GHZ
1.65 - 1.75 GHz"

2.0 dB
2.5 dB
2.5 dB

*
Measured with an IF Matching Network

24

9.2 dB
11.0 dB
8.7 dB



and IF mismatch. More substrates have been received and other
mixers can be tested when assembled.

2.0 Plans for Next Period
Efforts to lower system noise figures at 183 GHz will continue.

The next step is to make a broadband matching network. More 183 GHz
subharmonic mixers will be assembled and tested. A solution to the
triplexer problem will be investigated.

25




Eighty-Sixth Monthly Technical Report

Report Period
1 October through 31 October 1981

Report Prepared on
15 November 1981

RESEARCH IN MILLIMETER WAVE TECHNIQUES

R. E. Forsythe
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Effective Date: 15 June 1974
Expiration Date: 31 January 1982

Prepared for

NASA/GSFC
Greenbelt, MD

Prepared by
Engineering Experiment Station

Georgia Institute of Technology
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1.0 MIXERS

Mixer assembly and evaluation has continued during this period.
However, no noise figures better than those previously reported
have been achieved. A 1-2 GHz matching network has been designed
and is being fabricated for use with the subharmonic mixers.

The problems that occurred with the mixers during the flights
of the B-57 radiometer have apparently been solved. A subharmonic
mixer with the new NiAuro whiskers has been flying in the Arctic
region over the past three months, taking 220 GHz passive imaging
data. It has been exposed to many large temperature cycles and
vibrations during these flights, and has not degraded in performance,
showing remarkable reliability.

2.0 WORK TO BE PERFORMED DURING THE NEXT PERIOD

Assembly evaluation and testing the subharmonic mixers will

continue.
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1.0

MIXERS

During this next period, several papers will be presented at the

IEEE International Conference on IR and MM Waves in Miami [1-5]. These
papers describe the results obtained with mixars originally designed

and/or developed under this grant. Systems in which these subharmonic

mixers were used and some data obtained with these systems will be

described and presented at this conference.

2.0

MIXER EVALUATION TECENIQUES
Also during this period a computerized version of the automatic

noise figure meter was perfected. This version calculates system

noise figure, IF mismatch, and mixer noise figure using an HP 85

computer and a DVM with an HPIB compatible output. A tuning routine

has also been developed.

3.0

will

4.0
(1)

(2]

(3]

(4]

(5]

WORK TO BE PERFORMED DURING THE NEXT PERIOD
The semiannual report will be prepared. Mixer assembly and testing

continue.
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A CONERENT 225 GMz RECEIVER W-3-9

R. E. Porsythe
Georgia Institute of Techmology
Engineering Experiment Station
Atlanta, Georgia 30332

Abstract

A receiver for use at 223 GK: has been
devigned and dbuilt. It uses a low noise,
subharmonically pumped, balanced mixer that
requires a local oscillator (LO) at only one
fourtn the signal frequency. The local oscillator
is a commercially available 56 Gliz phase locked
Gunn oscillator with a 50 sW power output.
Preliminary results indicate a 12 dB system noise
figure (DSB).

1ntyoduction

A low noise, fourth harmonic balanced mixer
employing antiparallel diodes was developed
because of the desirability of having an all
solid state coherent receiver at 225 GHz.
Because phase locked Gunn LOs are not available
above 100 GHz, the decision was made to develop
a new mixer for use at 225 GHz. Subharmonic
mixers have found many useful applications for
ma-vave systems because of their low noise, broad-
band frequency conversion properties [l1]. They
have been used as receivers and radiometers for
both airborne and ground based systems [2-4].
This report presents preliminary results on the
development of & coherent receiver which uses a
relatively low frequency, solid state, local
oscillator and a fourth harmonic mixer to form
a low noise, superheterodyne receiver at 225 GHz.

225 GHz Receiver Dsscription

The receiver, shown in Figure ], consists of
a corrugated horn, a fourth harmsonic mixer, a
variable attenuator, a solid state phase locked
Gunn LO, and an IF preamp. The corrugated
conical horn is of a standard design scaled for
use at 225 GHz. It contains a circular to WR-4
waveguide transition and a WR-4 to WR-5
waveguide transition. The mixer, shown in
Figure 2, is from a design developed at Georgia
Tech and uses & combination of suspended
substrate stripline and waveguides to achieve low
loss [5]. A diagram of this sixer is showm in
Figure 3. The signal input is WR-5 waveguide
and the LO input is WR-19 waveguide. These are
connected via a stripline channel. The diodes
are located in the signal waveguide so that no
signal is transmitted through the stripline
channel. A low pass filter is located above
the diodes to reflect the signal energy (225 GHe),
pass the LO to the diodes, prevent the
generation of second harmonic mixing and help
match the diodes to the signal energy. Another
low pass filter, on a8 larger stripline circuit,
is locsted above this circuit at the LO vave-
guide. 1t prevents the LO enargy (56 GHz) from

backshort is used to maximize the coupling of the
LO to the diodes. The signal backshort is used
to help match the 225 GHz energy to the diodes.
The mixer is followed by an IF preamp vith a gain
of 30 dB. This device has a 2 dB noise figure
over a 500-1000 Miz frequency range. It ls
followed by another IF amplifier and filtered
with a 780 Miz bandpass filter having a 78 Miz
bandwidth.

Results and Conclusions

The total system noise figure (DSB), based
on a Y-factor ssasurement using free space
absorbers at LN, and room temperature, has been
msasured to be "12 dB with a 500-1000 MHz IF. A
breakdown of the system noise figure contribu-
tions is given in Table 1. The LO power
required for optimum performance of the receiver
is about 20 sW. The noise figure deg.ades very
little when using a 2-4 QMz IF bandwidth. This
indicates that broadband systems are easily
schieved with this front end technique.

This receiver is believed to be the only
one of its kind in existence and represents a
significant breakthrough in receiver technology.
Future efforts will focus on higher frequency
devices and optimization of the current devices
that have novw been developed. Although low noise
figures have already been achieved, further
improvements are anticipated becsuse these are
only the first devices of their kind at these
frequencies. This receiver is part of a larger
systes being developed at Georgia Tech for
field use by NVL {6].
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Table 1

225 GHz RECEIVER NOISE FIGURE SUMMARY

Item Measured
Horn/Transition Loss* 1.5 dB
Mixer Noise Figure (DSB) 8.5 dB
IF Preamp Noise Figure 2.0 dB

Total Noise Figure 12.0 dB

*Estimated



AN AIRBORNE XHAGI“G SYSTEM AT 140 and 220 Ghs

Thed-2

J.P. Hollinger*®, M.F. Hartman**, R.E. Porsythe**® and J. J. McShaghyres

Abstract

A dual-frequency passive millineter-wave afir-
borne imaging system has been assembled and flight
tested using the Naval Research Laboratory RP-3A
aircraft. The system incorporates & 140/220 CHz
radiometer built by the GCeorgis Institute of Tech-
nology, and a scanning mirror and a microprocessor
controlled data acquisition unit built by the Naval
Research Laboratory. The system will be described
and selected measurements presented.

Introduction

Millimeter waves are of great interest for
surveillance and targecing applications because
they offer the advantager of being covert, passive,
low power and difficult to jam compared to radar
and provide nearly all-weather and day/night oper-
ation compared to infrared and optical systems.
Millimeter waves are an attractive and viable com
promise in the trade-off between increased resolu-
tion, obtainable at shorter wavelengths, and de-
creased wveather penetration. Airborne systems have
been demonstrated at 90 GHz (1) and target/clutter
measurement made (2). The systen described here
successfully extends airborne imaging to the atmos-
pheric windows in the region of 140 and 220 GHe.

140/220 GHz Radiometer

The 140/220 GHz radiometer is a low noise,
broadband, solid state, total power radiometer. A
block diagram of this radiometer is shown in Figure
1 {3}, 1t consists of two main parts. The remote-
ly located, temperature controlled portion, shown
in Figure 2, contains the RF, IF, and video compo-
nents 85 well as a regulator/switching network for
the local oscillators. The control unit contains a
dc to dc converter, main power filters, and s tem~
perature controller. It also contzols system opera-
ation. On the front panel the temperature of the
remcte portion is set, the 140 GHz mixer bias and
Gunn current are monitored, and a dc offset control
and adjustable integration time switch are provided,
Video bandwidths up to 40 KH: are provided as out-
puts for fast sampling times. The radiometer pro-
vides an analog voltage which is proportional to
the brightness temperature that the antenna is visw~
ing. The RF is downconvereted to a 2-4 CHz IF fre-
quency. A square law detector is used after IF
amplification to convert the IF to a dc voltage.
This voltage is amplified by an ultra low noise dc
amplifier and then low pass filtered to provide a
clean radiometric signal. The system is operated
by turning on three switches on the front panel of
the control unit (pover, Gunn, and heater). Opera-

*Naval Research Laboratory
*“Computer Sciences Corporation
**4Ceorgia Institute of Technology

tion at 140 or 220 CHz is chosen by the use of the
140/220 GHz select switch. The antenna consists of
& six inch TPX lens illuminated by both the 140 and
220 Gz corrugated feed horns using a polsrisation
diplexer. The diplexer is a parallel grid of etch-
ed metailic lines on a thin mylar sheet. It s
oriented to reflect vertical (220 GHs) and tranemit
horizontal (140 CHz) polarisation. It is placed ot
8 45° sngle to the lens so that the 140 GHz horn

is in line with the lens while the 220 GHt horn

is at a 90° angle to the lens/140 GHz horn
combination. 140 GHz front consists of a

vafer type single ended mimer/preamp. An automatic
bias netvork provides mixer bias when the system is
svitched on. The LO and signal are coupled to the
mixer using a directional filter. The directional
filter is a cylindrical resonant cavity which acts
as a bandstop filter (centered rt the LO frequency
of 135 GHz) for the horn/mixer path and a bandpass
filter for the LO mixer path. It cleans up the LO
power, exhibiting only 4 dB LO loss and 0.75 dB
signal loss to the mixer. The LO is a sclid state
67.5 GHz Gunn and 135 CHz doubler providing 10 oW
output at 135 GHz, The 220 GHz downconverter
consists of a subharmorically pumped balanced
mixer/ preamp [4]. This device uses a combination
of specially designed suspended substrate circuits
and waveguide to provide low loss, broadband down-
conversion. The LO is a solid state 36 GH:z Gunn
followed by & 108 GHz tripler with 28 aW power
output at 108 GHz. These front ends share common
post IF/ video electronics via a SPDT IF switch.
Summaries of system performance levels and system
noise figures are given in Table 1. This radiometer
has been built to operate in the P-3 aircraft
environment. Four power filtering circuits have
been provided to protect the radiometers' electron-
ice and front end components and to insure s clean
radiometer signal during data flights. The system
has alsc been ruggedized to withstand vibrations,
shocks, power surges and power interrupts. RF]
shielding has alsc been provided to prevent inter-
ference at the IF frequencies.

Scanner and Data Aquisition

The antenna electrical axis and the mirror
rotational axis are coliinear and parallel to the
flight direction. The slliptical mirror is mounted
at 45° to its rotational axis thus projecting the
sane circular aspect to the antenns at all scan
sngles. This geometry minimizes variations with
scan angle due to spillover of the antenna recep~
tion pattern past the mirror. The antenna beam is
scanned perpendicular to the flight direction at a
constant angular rate of 1200°/sec over a 90° field
of view centered on the ground track; successive
scans generating s raster over the ground with
sircraft motion. The mirror s then sccelerated and
desccelerated over the remaining part of a revolu-
tion by a specially designed gear mechanism such
that the 270° sactor is scenned in the same time as
the 90° sector. This scheme allows contiguous
scans of the antenna beam from one half the air-
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craft altitude, and hence twice the surface resolu-
tion, or alternately a 1.5 db improvement in sig-
wdl=to=noise a4t the same altitude, as would be
obtalned with a constant scan. The radiometer
output is sampled each 0.5%, a 2.4 KHz rate, during
tne 9u° scene sector after being passed thirough a
1.2 KHz low pass filter. The noise per sample, is
therefore, 49 times that listed for a one second
integration in Table . During the 270* sector 16
samples arv taken as the antenna successively views
twn absorbers at different temperatures to provide
an absolute temperature calibration of the overall
system, Each sample is digitized with 12-bit
precision and recorded on magnetic tape. Also
recorded are the absorber temperatures, the pitch,
roll, drift angle and heading of the aircraft, the
latitude, longitude, ground speed, altitude, time,
thermal {nfrared temperature of the surface, air
temperature and dew point. The most recent 320
scans are also displayed real-time on an onboard
color monitor.

Post flight processing of the raw data begins
with conversion of the output samples to absolute
antenna temperature using the absorber calibration
temperatures. Corvections are then applied for
antenna spillover to obtain absolute brightness
temperatures and these data resampled to correct
for v/h effects, geometrical projection distortion
and afrcraft roll. An example of a raw image taken
from the onboard monitor is given in Figure 3.

This is a 140 GHz image taken from an altitude of
1800 m while overpassing a NAVY PJ-A aircraft at a
relative altitude of approximately 100 m. An ex-
ample of processed data is given in Figure 4,

Ihis 18 a 140 GHz image taken from 3600 m through a
solid 300 to 500 m cloud layer. A fine mist or
drizzle was being experienced on the surface at the
time., This demonstrates the weather penetration
still possible at frequencies as high as 140 GHz.
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Figure 3. 140 GCHz TMAGE F A P3-A AIRCRAFT

Figure 4. 140 GHz I[MAGE THROUGH CLOUDS
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ract

Subharmonically pumped. balaaced aimars
have been developed for field measursment
systems at 183229 Gilz. These wixers are secoad
and fourth harmonie (X2 snd X4) sixers sand are
designed for use with solid state loczal
oscillators. Prelisinary ssssurements indicate
mixer nojse figures (DSB) as low as 4.5 dB have
been achieved with these devices.

Introduction

Subiharmonic mixers employing antiparallel
diodes are highly desirable for low nolse,
broadband system applications. Some of their
most noted faatures are that they have low noise,
low loss, LO am noise cencellaiion and no need
for external bias circuitry {1,2]. Most
importantly, they require only osne half or one
fourth the signal frequency as sourcas for local
oscillutors. Mixers of chis type have heen
developed at Georgia Tech prrticularly for use at
183-22% GHz, and the preliminary results are
presanted here. Nine such sixers (six X2 end
three XA) have been machined and are being
assesbled and tested to insure reliability and
performance. Two have been used on flight
radiomsters for NASA and NRL [3-5). These are X2
versions. One uperates at 18] Gls in an
imaging radiomster taking high altituds water
vapor prufile data and storm images, and the
other operates st 220 Gz tsking low altitude,
high resolution, radiomsetric images on bosrd &
P-3 aircraft. Others will be used on ground
bised systems fo: passive imaging of targste aud
clutter st 220 Gz (alse & X2 version) and as
part of a coherent receiver at 225 Gls (s M
version) for NVL [6-8].

Mixer Description

Tha X2 mixer is an upgreded version of a mixer
described (n an earlier publication [9). The mein
differences are that the signal vaveguide has been
shortened, (hinner qusrts substrates are ussd,
the circuic has been scaled to a higher
fraquency, and the LO waveguide input port s
interchangeable with the LO backshort so the
sixer can ba oriented in different systems in the
sost .onvenient way. In sddicion, the diode
contacting procedurs is done in an open structuts
and monitored visually using a sicroscope. This
sllows the user to have more comtyol over the
differeant variables that effect ainer performence.

The sizers showm in Pigures 1 and 2 vers
originally designed vith a low frequeacy (6.8 Gis)

the edge of the circuit can be seen when looking
down this waveguide. The L0 1is thea reflected
by the IF filter and puassed by the LO filter

to che antiparallel diode pair. An adjustadle
L0 backshort is provided for maximum coupling
of the LO enargy to the diodes. The signal
vaveguide 1is linesrly tapered to half height
WR-5 vaveguide. The diodes are wounted in this
waveguida. An adjustable backshort is provided
for RF matching of che diodes to the signal.
The LO filter reflects the signal snergy ond
prevents it from leaving the signal wawveguide.
It aleo halps mstch the diodes to the signal.
The IF s passed by both filters to the IF out~
put pore which is an $MA connector whoss center
conductor i{s connected to the substrate's
center conductor by a soldered gold ribboa.

The diodes are Schottky barrier diodes
formed in a planar array om the fece of a 0.010"
br 0.008" by 0.005" GaAs chip. The circuit i»
completed by an ohaic contact made by s 0.0003%"
Nisuro vhisker etched to a fine poirz. Two
chips sre used. One is placed on top of the
signal waveguide facing dowm snd the other {s on
the bottom facing up. Separate contact of ome
diode on each chip is made in the following
mannsr. A vhisker and diode chip are catefully
sounted on the end of a substrate which has beem
glued in place in the body structurs. Another
whisker is mounted on a 0.032" diamster pin and
anothar diode chip is sounted on a separste pia.
Thess pins arc then pushed into the mixer body
from the botton. When the diodes are close to
the vhiskers, the pins are pushed in with o
differential micrometsar vhile being viewed with
s microscope. The circuit is electrically
monitored for dc characteristice vith a curve
tracer and the ohaic contacts are exsmined uader
an SEM. The aixer dody is thec ssembled and
tested for noiss figure in en u..ometic noises
figurs test set-yp.

The fourth harmonic nixers arve of similer
design except thet the LO filter blocks the
second harwonic sixing product as well. Also,
a larger cirvcuit 1is usad for the LO diplexing
and coupling. This larger circuit is comnacted
to the 0.0025% circuit with a soldarsd gold
ribbon.

Basuite and Conclupioas

The results obtsined vith thage mimers o
far are summarized in Table 1. Thess msasuremests
vere sade using s T-factor msasuremsat as the
uivers viewed liquid nitrogan or room tempersture
free opace sboorhing loads. The results sre
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model and scaled according to elcctro-met1€ double sideband mixer noise figures and include

scaling laws. The mixer is a hybrid structure LO noise, IF mismatch and RF mismatch

which consists of two waveguides (LO and RF) contributions. Typical improvemen:s of 1-2 dB
and a suspended substrate stripline circuit can be obtained by matching the IF port. LO
orlented ,rthogonally to each other, as shown noise contributions can be significant. For
in ¥ gore 3. This circult is oriented in the this reason, the LO type is included in the
center of the E-pline of the LO waveguide. Only table. Techniques for cleaning up LC noise
are currently biin; ‘nvestigated and significant
improvements in syctem performance for solid
state receivers using these mixers (particularly
with the X2 version at 2I) GHz) are ~xpected.
Mixer work at Georgia Tech is currently focused
on optimization of whisker lengths, diode
type/size, diode placement. and the integration
of IF preamps.
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Table 1

- MIXER PERFORMANCE SUMMARY
"] w» 6D Niser I’

- TR e
-] us N0 4.3 0.75-1.0
2 0w e ) e 2.0 4.0
2 n s a e 2.0 -4.0
» ns “ o 8.3 0.75-1.0
L] ns 3 O we 2.0 ~4.0

(1) Klystyea
(2) $2114 State Cuan or Cuma/Nyleipiter
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