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ABSTMCT

Millimeter wavelength components ~emain
dl~cult and expensive to fabricate. The use
of these components for integrated
transceivers further complicates designs
and results in higher costs. This paper
describes an integrated 94 GHz monopulse
transceiver using microstrip and insular
guide transmission lines. This hybrid
integration usesfour dielectric rod antennas
which feed four insular lines configured to
provide the monopadse comparator circuit
for the transceiver front-end.
I. Introduction

A radar’s primary functions include
detection and relative position of a target with
respect to the antenna. Single channel tracking
radar can correlate the amplitude return from a
sequence of pulses and the antenna beam angle.
This system, however, is sensitive to amplitude
fluctuations caused by random variations in a
target’s radar cross-section(RCS). Another radar
approach called monopulse uses a single
reflected pulse return to determine a target’s
relative position. The approach is not as
susceptible to fluctuations in a target’s RCS as a
conventional radar.

Monopulse radar requires processing of a
single pulse by four antennas. The processing
involves the addition and cancellation of the four
individual signals, A, B, C and D, to obtain three

outputs: the sum (Z = A + B + C + D), the

azimuth error (AAZ = (A+ B)–(C+ D))
and the elevation error
(AEL = (A+ C) – (B + D) ). This c;reuit is
called the monopulse comparator and it can be
achieved using waveguide[ 1], coaxial cable,

microstrip[2] or quasi-optical teclmiques[3].
Waveguides and coaxial systems provide good
performance but tend to be bulky and expensive
to fabricate. Microstrip is ideal for hybrid and
monolithic integrated circuits since it reduces the
size, weight and cost of a system. As
frequencies of operation increase, however, the
RF signal processing required causes
considerable losses in the comparator circuit.

This palper describes an alternative solution
to the monopulse transceiver at 94 GHz using
insular guide[4]. Insular guide is an image line
insulated fi-om the ground plane by a substrate.
This configuration exhibits less loss than

microstrip, specially at millimeter and sub-

millimeter wavelengths. Similar to microstrip,

insular guide can be transformed to an efficient

antenna for radiation. This transition allows the
insular guide monopulse transceiver to be

compact and reproducible as well as provide
good performance.

II. Circuit Description
Figure 1 shows the monopulse transceiver

system block diagram. It uses four dielectric rod
antennas for efficient radiation and reception.
The individual rod antenna performance is
dependent on the width and height of the image
line plus the length of the taper. The taper
length affects the half-power beamwidths,
sidelobe level and the directivity of the rod

antenna. Several rod antennas tested at 94 GHz
exhibited a typical side-lobe level of -15 dB and
H- and E-plane half-power beamwidths of 31
and 37 degrees, respectively. The four rod

antennas are configured in a 2 x 2 array with E-
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and H-plane spacing of 0.61 and 0.681,
respectively.

The comparator circuit presents the novelty
of this design. It provides good performance

over a relatively small coupling area. The

comparator uses +90 and -90 degree phase

shifter sections using modified insular guide

cross-sections. Proximity coupling is used with
modified image lines to realize the H- and E-
plane couplers for the comparator. The
monopulse comparator loss is estimated at 1.5
dB at 94 GHz. A complete description can be
found in [5]. One of the four ports is matched
while the other ports are transitioned from
insular guide to microstrip in the transceiver

section.

The transceiver section layout requires two

0.005” thick Cuflon substrates with s, of 2,17.

One substrate contains three balanced mixers
pumped by a single local oscillator (LO) and
another identical oscillator is used for

transmission. The balanced mixers contain two

GaAs beam lead diodes connected to a 180

degree hybrid ring coupler. The LO is a two InP
diode waveguide power combiner providing 20
dBm at 94 GHz. An identical oscillator is
coupled to the sum channel and is used as the
transmitter for target illumination.

The AAZ and Z ports of the insular
guide comparator are transitioned to microstrip
and fed to two balanced mixers on the first
substrate. Similarly, AEL port fed to a
balanced mixer on the second substrate. Two 3-
dB hybrid power splitters distribute the LO
power to the two mixers of the first substrate as
well as the third mixer on the second substrate,
Pumping the third mixer requires a microstrip-
to-waveguide-to-microstrip probe transition
which allows the two substrates to fit back-to-
back.

111. Experimental Results
The comparator performed reasonably well

over the frequency range of interest, 94 f ().3
GHz. The sum channel gain was measured at 16
dBi with half-power beamwidths in the E- and
H-planes of 26 and 24.5 degrees, respectively.

The ~ channel sidelobe levels in the E- and H-

plane are -10 and -18 dB, respectively.

Similarly, the A channel sidelobe levels in the
E- and H-plane are -9 and -20 dB, respectively.

The null depth is less than -26 dB in both planes.
Figures 3a and 3b shows that the H- and E-plane
sum and difference patterns of the monopulse
transceiver, respectively. The cross-polarization
level of-1 8 dB. The monopulse comparator 10SS

is estimated at 1.5 dB.

Other important characteristics for the

/
zmonopuke radar transceiver include the A

cross-over angles and levels for the E- and H-
planes. H-plane cross-over angle is 30 degrees
at the sum pattern levels of -3 and -3.5 dB. The
E-plane cross-over angle is 32 degrees at the
sum pattern levels of -3 and -7 dB. The E-plane
asymmetry is due to housing interference and
some channel imbalance.

IV. Conclusion
A monopulse integrated transceiver has

been demonstrated at 94 GHz, The system
integrates insular guide, microstrip and
waveguide to develop the antennas, comparator
and transceiver. The amplitude comparison

monopulse radar has half-power beamwidths of

-25 degrees in both planes, -18 dB cross-

polarization level, -26 dB null depth and 16 dBi
of gain in the sum channel.

REFERENCES
[1] D, R. Rhodes, Introduction to Monopulse,
McGraw-Hill, New York 1959.

[2] C. M. Jackson and J. Newman, “Low Cost,
Ka-Band Microstrip Patch Monopulse Antenna,”
Microwave Jouinal, pp. 125-131, July 1987.

[3] R. L. Gingras, C. Drubin, B. Cole, W.
Stacey, R. Pavio, J. Wolverton, K. S. Yngvesson
and A. Cardiamenos, “Millimeter-Wave Slot
Ring Mixer Array Receiver Technology,” IEEE
MTT-Symposium, pp. 105-107, June 1992.

[4] P. P. Toulios and R. M. Knox, “Integrated
Circuits for Millimeter through Optical
Frequency Range,” Proceedings on Sub-

Millimeter Waves, Polytechnic Press, New York,
NY, March 1970.

[5] P. P. Toulios and J. M. Garza, “Integrated
W-band Monopulse Receiver,” Final Report
USAF-F08635-87-C-0 175, January 1990.

424



Feed Duel Phose
I ,hdtw

I

I I
[-Plone I Phose
Hybrids Trimming I

I I I

Transmitter Input

H-Plone ComporotOl
Hybrids outputs

Mw

IFOutputs

J%

Hybrid
imp s

‘ l— ’11’ I II Balanced
Mixer

II — r.

c— -90
90

0
90 ~ El

111~~

I

Figure 1

‘::”‘-Q%!!!!!“b
E3H

PO = PowerWider
B D

Four DielectricRodAntennas

Block Diagram of Integrated Monopulse Transceiver

ConlpmbrTo
Transition Bloc?

Compomtor –
Protective Shield

Comparator
Center PIoIE

I

ILComporotor fioitom
Tmnsltlon 810ck

I F OutputCmnedors 3 Chmncl Recwr

Mmopul% Comp.ordor

FourD,electncRodMennnc

Figure2 IntegratedMonopulseTransceiver



-75

-!3fa

+75

+90

Figure 3a. H-plane Sum and Difference Patterns of Integrated Monopulse Transceiver.
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Figure 3b. E-plane Sum and Difference Patterns of Integrated Monopulse Transceiver.99
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