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Aktmci- A K-band full-duplex transmit-receive
lens antenna array using uniplanar circuitry is re-
ported. The array transmits at 19 GHz and re-
ceives at 21 GHz by means of two independent unit
cells. Orthogonal antenna polarization and band-
pass circuitry provide a simulated isolation of 42 dB
between transmit and receive channels. The mea-
sured gains of the active array are 3.0 and 8.3 dB
above passive with an on-off ratio of 10 and 15 dB
for transmit and receive modes respectively.

I. INTRODUCTION

Active-antenna array technology combines printed
antennasand active devices with the goal of improv-
ing performance, increasingfunctionality,and reduc-
ing size relative to alternativearchitectures. Such ar-
rays show potential for use in millimeter-waveappli-
cationssuch sawirelesslocal-areanetworks,electronic
identificationsystems, and vehicle collision-avoidance
radar, This work builds upon a large body of r~
searchin transmit-only active-antennaarrays [1];uti-
lizes a lens feed to improve feed eiliciency and elimi-
nate the bulk of a Gaussianor wave-guide feed [2-4];
and improves upon the results of previous half- and
full-duplex transmit-receive arrays [5-8]. In [5], the
transmit and receive channels are at the same fre-
quency with isolation provided using orthogonal an-
tenna polarization (25dB), but due to the saturation
of the input ampliier by the output, simultaneous
transmissionand reception is not possible. The goal
of th~ work is to achievefull-duplex operation by the
introductionof multiplelevelsof isolationbetweenthe
transmit and receive channels.

This work is supported by the Army Research CMice MURJ
Program on Quasi-Optical power Combming under contract
DAAH04-98-O-0001 and ONR and the otlice of Secretmy of D*
fenee under a MURI grant NOOCU4-97-1-1OO6.

Fig. 1. The K-band full-duplex transmit-receive active-
antenna array shown from the feedside. Antenn~ on
the feed side replace a corporate feed, while the oppo-
site (non-feed)sidecontains the main radiators. The
array is 10,5 cm square,

IL DESIGN

A. AIIW Element

A single full-duplex transmit-receive unit cell is
comprised of two independent orthogorm.1unit cells,
one for each channel (Figure 2). A single chan-
nel’s unit cell contains a patch antenna, a coplanar-
waveguide section with amplifier, and a slot-fed
patch antenna. A unit cell measures 8.5 x 17mrn

(0.538 X 1.077~~~c~, Or 0.595 X 1.190J~~GHZ).
The full-duplex transmit-receivearray is designed

for uniplanar multilayer processing. Vise md air

bridges are eliminated by integrating microstrip

line (MSL) and finite-width ground-backed coplanar
waveguide(fCPW) within a singleunit cell. The MSL
provides the connection to the standard patch an-
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Fig. 2. The 19-GHz transmit (lefi) and 21-GHz receive
(tight) unitcellsas seenfromthe feedside.
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TABLE I

SIMULATED COUPLING BETWEEN UNIT CELLS FOR EACH

CHANNEL lN THE PASSIVE ARRAY,

Coupling Side Freq Coupling
Path (GHz) (dB)
PAlg + LNA19 Non-Feed 19 -50
PA21+ LNA21 Non-Feed 21 -42
LNA19+ PA19 Feed 19 -29
LNA21 + PAx Feed 21 -21

6 to 20GHz. Amplification ia performed in reception
(21GHz) by an Alpha AA022N1-00 single-bias low
noise amplifier (LNA) with a maximum small-signal
gain of 22dB from 20 to 24GHz and a noise figure of
2.5dB. To improve channelisolation and arraystabil-
ity, the amplifiersare chosen to provide reduced gain
in the.frequency range outside their respective chau-
nels.

Coupling simulationsperformed on the passiveunit
cells with Zeland IE3D place the channel isolation at
-42 dB a.t21GHz. Resultsof the simulationsare sum-
marized in Table L The second row in the table indi-
cates coupling, which contributesto noise seenby the
LNAs generatedby the PAs.

B. Full-Duplex Quasi-Optical Array
POlyimkk

Fig. 3. Assembly drawing of the transmit and receiveunit
cells. Substrates are shown partially transparent for
clarity.

terms on the feed side of the array the fCPW prc-
vides a transition to the amplifier, which eliminates
the visa requiredwith MSL. Transitionsbelmeen.MSL
and fCPW occurs in a section of three coupled micro-
strip transmissionlines of length Am/4 at the unit
cell’s frequency of operation [9]. This transition also
feeds a patch antennaon rigid foam through a slot in
the ground plane on the opposite side of the MMIC
(Figure3). The integratedslot-transitionfeedreduces
space consumption and improvesthe front-toback ra-
tio (36dB) of the slot-fed patch relativeto a standard
MSL feed. The slot-fed patch is polarized orthogo-
nally to the microstrip-fed patch antennawhich elim-
inates a 90° bend in the unit-cell transmissionline.

AmpMicationisperformedintransmission(19GHz}
by an HP HMMC-5620 single-bhs power amplifier
(PA) with a maximumsmall-signalgain of 17dB from

Fig.4. The K-bandfull-duplextransmit-receiveactivean-
tennaarrayshownfrom the feed side (left) and the
non-feedside(right).The arrayis 10.5cm square.

The arraycontains18transmittingand 18 receiving
unit cells arrangedin alternatingdiagonal rows (Fig-
ure4). The distancebetweenneighboringantennason
the non-feed side for a given frequency is 12 x 24mm
(0.76 x 1.52~l~~fi or 0.84 x 1.68~zlc+~,). This unit-
cell spacinggeneratestwo gratinglobes approximately
55° off boresight in the diagonal plane corresponding
to the lamest row sermration. Eauivalentlv, a sinde

“,
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Fig. 5. Aperture efficiencyversusthesmallestunit-celldi-
mensionfor the transmit-receiveactive-antennaarray,

transmitterin the far field generatesthree maximaon
the focal surface with similar angular separation. In
communicationapplications, the alissingof the main-
beam can be usedto increasereceivedand transmitted
power by employing multiplereceiversor transmitters
on the focal surface. Additional receiversmay also be
used to improve angular diversity [6].

A one-degnx+of-freedom true-time-delaylens array
[4]with a focal distance, 1’, of 166.5mm and an aper-
ture diameter, D, of 90mm (F/D = 1.85) is impl~
mented. Lensingis provided by the variationin length
of the microstrip lines which feed the standard patch
antennas. The maximum delay-line Iength near the
center of the array is 2mm or 143° at 20GHz.

Aperture efficiency as a function of the smallest
miit-cell dimension (a unit cell has a 2:1 length-to-
width ratio) is shown in Figure 5. For an arraypopu-
lated with a sin#e unit cell operating at a single fre-
quency, the aperture efficiency is 0.73 at 19GHz and
0.71 at 21GHz. The aperture efficiency for the full-
duplex array is 0.54 at 19GHz and 0.52 at 21GFfz.
The net effect of populating the array with two inde-
pendent unit-cellsis a 27% drop in apertureefficiency.
The hiih directivity (9 dB) of the slot-fed patch an-
tenna reduces the effect of the grating lobes on aper-
ture efficiency relative to the simulationbased on an
arrayof hemisphericalradiators.

III. UNU?LANARMULTILAYERFABRICATION

The array is fabricated using low-cost materialson
three layers of dielectric: Rogers TMM 10i substrate,
Rohm Rohacell 31HF rigid foam, and SheldahlNOV*

TABLEII
ARRAYsuBsm.&mVALUESSHOWN IN ORDER OF

ASSEMBLY WITH FEED SIDE FIRST,

Product

Rogers
TMM loi

Rohm
Rohacell
31HF
Shelda.hl
NovaClad
G2300

Material q. tan d h
Description (Pm)

Metal 1.0 - 17.5
Substrate 9.8 0.002 381

Metal 1.0 - 17.5

Foam 1.07 (?.004 1000

Metal LO - 17.5
Polyimide 3.3 0.011 50.8

CM G2300 copper-cladded polyirnide. The substrate
layersare summarizedin Table II and dwectly corre.
spend to the layersshownin Figure 3 on the preceding
page; The TMM 101substrateis chosenfor its thermal
properties, high permittivity, and resistance to com-
pressionnecessaryfor wire bonding. To minimize Ioas
due to substrate mod~, the substrate thicknessis se-
lected to be a fraction of a wavelengthin the dielectric
(Ad/13 at 20GHZ).

Fabrication is performed in multiple photolitho-
graphIc steps on TMM 10i for the circuits and slots,
and on NovaclzdG2300 for the slot-fed patch anten-
nas. Alignmentbetweenthe featureson opposite sub-
strate sides is maintained during fabrication by the
use of an aluminumholder with alignmentpius, The
fabricationprocess achievesmeasuredalignmentaccu-
raeieeof &50pm between circuits and slots on opp~
site substratesides. Simulationsshow that transition-
to-slot alignmentmust be within 5z200pm to ensure
low insertion loss. The slot-to-patch alignment is
more forgiving, allowing a simulated and experimen-
tally verifiedtolerance of &600#m.

TABLEIII
Acm.wzARRAYl@3A9UllllMENTS.

Channel Freq On/Off Gain Ga
(GHz) (dB) (dB) (dB)

Transmit 18.9 10.0 -3,3 3.0
Receive 21.1 15.0 3.6 8,3

IV. MEASUREMENTS

The array is placed between a 5.3-dB radiating
waveguideaperture at the focaI point and a 20.8-dB
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Fig. 6. Measurementof thepassiveandactive arrayshow-
ingtransmissionresponsethroughthearrayasa func-
tion of frequency.
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Fig. 7. Comparison of the active array operating in balf-
and full-duplexmode showingtransmissionresponse
throughthe array as a function of frequency.

pyramidal horn in the far field. Small-signalmea-
surementsare performed with an HP 851OCvector
network analyzer and are norm~lzed to a corrected
free-spacethrough calibration.

Passive-arraymeasurementsare shown in Figure 6,
The transmitaud receivechannelshavea throughgain
of-6.3 dB at 18.9GHz and -4.7 dB at 21.1GHz respec-
tively. Measured center frequenciesare within a frac-
tion of a percentof the simulatedvalues. Active small-
signal gain measurementsare performed initially in
half-duplex mode, where only a single channel is on
at a given time. The transmit and receivehalf-duplex
small-signalactive measurementsare shown in Fig-

ure 6 and summarized in Table III. The transmit
array channel providea -3.3 dB of gain at 18.9GIIz
which is 3.0dB above the passive array at 3.38V and
1.73A. The receive channelprovides 3.6dB of gain at
21.1GHz which is 8.3dB above the passive array at
3.08V and 0.79A.

Active small-signal full-duplex measurements are
presentedwith the half.duplex mee,surementiin Fig-
ure 7 for comparison. The presenceor absence of bias
to the devices of one chrmnelhas little effect on the
gain of the other channel, The tierence in bias level
between half- and full-duplex modes is attributed to
gain suppressionof the MMICS due to the increased
temperature at full-duplex operation.

The maximumgain of the MMICSis limited by am-
plifier stability. The bias levels at which oscillations
occur in one MMIC are untiected by the bks level
or state of the other MMIC. It is believed that the
oscillations are due to an impedance mismatch pre-
sentedto the arnpldierby wirebond inductance or the
wirebond-fCPW interface.
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