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Abstract -- Several quasi-optical transmission wave

amplifiers are presented: (1) a two-level

power-combining PHEMT patch-antenna lens

amplifier with 8 dB of absolute power gain at 9.7 GHz

used for bearnforming and beam-switching; (2) a

saturated class-A polarization-preserving 24-MESFET

patch array which produces 0.7 Watts at 10 GHz with

21 % power-added efficiency; and (3) an X-band 2-

stage low-noise CPW PHEMT amplfler cell using

anti-resonant slot antennas with 21.7 dB active gain,

3.2 dll noise figure and a 6 % 3-dB bandwidth.

summary

Quasi-opticalamplifiersdemonstratedto date are grid [1]
and antennaarray[2-6]amplifiers. Thesedevicesreceive,
amplify,andre-radiatea wavein transmission. In [6], the

ampltiler is designed to be a discrete lens -- the array is
fed from a focal point in the near field, and only a small
portion of the feed power is diffracted. This lens
amplfiler exhibited 5.7 dB of power gain at 10.25GHz
when fed from a focal point. A 28-PHEMT grid
oscillator was designed specifically as a feed for the
amplifier,and beam-steeringwas demonstratedin both E
and H planes as the grid oscillatorwas moved along the
focal arcs of the lens [6],

Here we present beamformingand beam-switching
results with a dual grid-oscillatorfeed,as shownin Fig.1.
Whenboth grids me on, the output radiatedpattern of the
linear lens amplifieris a superpositionof the patterns for
the two individual feeds, which makes beamforming
possible. Flg.2 shows examples of measured dual-beam
patterns in the E and H planes of the lens. In the E-plane,
the two grids were placed at 0° and 24° along the focal
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Figure 1: A patchantennalensamplifierwitha dualgrid-oscillatorfocal pointfeed.The shadedpatches,rnicmstripcircuits,andgroundplanesare
on thebacksideof thearray.
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arc (the resolution of our rotation stage is 3°) and the
amplifierpattern, shownin solid line, showsequal-power
beams at 0° and 24. Two beams at 21°in the H-planeare
shown in dashed line in Fig.2. The individual grid
oscillatorscan also be bias-switchedone at a time, and so
the amplifier pattern can be switched between a fimite
number of beams at different angles. In this case, the
switching speed is limited by the oscillator settling time.
By keeping the oscillators biased at the threshold of
oscillation and pulsing the gate bias, a switching
frequency of 5 kHz was measured (0.2 msec switching
rate). It was verified that the grid oscillator that is off
does not affect the pattern of the lens.

As the input power to the lens amplifier is
increased, the center elements start saturating. This
makes the saturationcurve of the array more linear than
that of a single element. However, when the lens is
nonuniformlysaturated,its radiationpattern changes: the
main lobe broadensand the sidelobesare reduced. Fig.3a
shows the measured gain compressioncurve of the lens
using a 1-W m amplifier at the output port of a
HP71500ATransitionAnalyzer. Fig.3b showsthe pattern
broadeningcorrespondingto the 3-dB compressionpoint
of the ERP.

The noise figureof the lens amplifierwas measured
using a Noise Corn 3208Anoise source with an ENR of
29 dB, a HP8593E Spectrum Analyzer and a 38-dB
preamplifkr. A Y-factor measurement yields a noise
figure of 3.45 dB at 9.75 GHz with a correspondinggain
of 8 dB, as shown in Fig.4. The amplifier describedin
[6] exhibitedtwo peaks in the gain frequencyresponse(at

and 9.7 GHz) due to mismatched resonant
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Figure 2: Measrrred normalized beamforming lens amplifier radiation
patterns for two different positions of the grid oscillator feeds in E- and
H-planes (solid and dashed tines, respectively) .

frequenciesof the patches across the array. The antennas
were matched by eliminating effects of ground planes
close to radiating edges of a few of the patches in the
army. This improves the gain to 8 dB at 9.75 GHz.

The lens presented above was designed for
maximum gain. A low-noise amplifier is designed to
receive a plane wave and focus it down to a focal point

at which a mixer can be placed. A single cell of the
low-noise amplifier is shown in Fig.5a, The input antenna
is an anti-resonant folded-slot loaded with a resistor and

capacitor, which act as part of the stabilization network,
The output antenna is an anti-resonant off-center fed slot

with an input impedance of 100 Cl. The measured
2:1 VSWR bandwidth is 25% at the 1O-GHZ second
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Figure 3 (a) Measured gain compression of the lens amplifier effective
radiated power (ERP). (b) Radiation pattern corresponding to the
amplifier operation in the tinear regime (dashed line), and 3-dB into
compression (solid tine).
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resonance. The slotsweredesignedusing an approximate
full-wavemethoddescribedin detailin [7]. Theamplifier
was fabricated on a q = 2.17, 0.79-mm thck substrate
with AvantekATF 35376PHEMTs. A passive unit cell
with a CPW through line in place of the amplitler was
measuredfor calibrating the slot antenna pti frequency
response. The measurements show that the 2-stage
amplifier in the single element contributes 21.7 dB at
9.7 GHz, with a free-space-measurednoise figure of
3.2 dB. A polarizer at the input improves the
through-gainby 1.4 dB. The noise figure of the entire
array should be the same as that of the single element.

Most of the amplifiers demonstrated to date use
orthogonalpolarizationfor input and output waves as a
means of isolation. The alternatinggroundplanes in the
lens mnplitler allow for arbitrary polarization, as was
demonstmtedearlieron a polarization-preservingamplifier
and a linear-to-circular amplifier in [2], The
polarization-preserving24-MESFETpatcharraydescribed
in [2] was designed for maximum gain at a lower bias
point (20 mA, 2 V) per device. The s-parametersat a
higher bias point (40 mA, 4 V) are practically identical,
except for an increase in ISZ11, Since, to a Fist
approximation,only this parameter changes (decreases)
when a MESFET is saturated,the design for a saturated
class-A amplitler at the high bias point should be the
same as the low-bhxspoint linear design. The array is
built on a s,= 2.17, 0.5-mm Duroid substrate with
Avanteklow-costgeneralpurposeATF 13484MESFETS.

First a single amplifier unit cell was measured
between two polarization-aligned 16-dB gain horn
antennas, placed in its far field. The horns were
comected to a HP71500A Transition Analyzer,used to
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Figure 4: Measured gain (dashed line) and noise figure (solid line) of
the lens amplifier.

measure the power saturation curves for several bias
points, shown in Fig.6. Then the entire array was
measured in the same manner. A 1O-WTWT-fedhorn
provided a total input power to the array of 64 mW
(2.7 mW/device)in the far field. Whh a constant input
power and a total array,drain current of 1 A, the output
powerwasmeasuredfor severaldrain-biasvoltagepoints,
and the results are given in Table 1. For obtaining the
values in Table 1, a patch gain of 5 dB was used.

The sourcepoweris insufficientto saturatethearray
at the high bias points since the feed horn is in the far
field. This can be seen in Fig.6, where the power per
element in the array is plotted along with the saturation
curves for a single element. The average power per
element in the array is 1-2 dB lower than that of a single
element tested alone, which means that the array
combining is lower than in a uniform array. For this
low-cost class-A amplit3er,an output power of 0.7 W
with 21 YO power-added efficiency was measured at
10 GHz for an input power of P~c = 3 W.
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Figure 5: (a) Single elementof an X-band low-noiseamplifierarray.
(b) Singleelementof a V-band patch-slotamplifierdesign.
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Figure 6: Saturation curves of a single-element free-space amplifler for
a constant drain current and several drain bias voltages. Tfre

superimposed symbols represent measured array power levels, drwded
by tbe number of elements (IV= 24).

Thepresentedamplifiersusemicrostripcircuitswith
patch antennas, or CPW circuits with slot antennas. An
example of a different amplifier with slots on the
receiving side of the substrate,and microstrip amplifiers
and patcheson the transmittingside, is shownin Fig. 5b.
It was designed to operate at 60 GHz with 7 dB gain.
Sixteenand 36-PHEMTmonolithicarrayswerefabricated
by the Martin Marietta ResearchLabs in Baltimore and’
will be tested in the near future. DC tests indicategood
yields across the wafers.
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V~~V)for Gain (dB) Output Power Drain Efficiency Power-Added
I~tO,= 1 A (w (%) Efficiency(%)

2.0 v 8.6 0.3 16 13

2.5 V 9.7 0.6 24 22

3.0 v 10.3 0.7 23 21

4.0 v 10.4 0.7 18 16

Table 1, Measured gain, power and efficiency of the 24-MESFET array at 10 GHz for an input power of 64 mW (2.7 mW/device) and a constant total

dmirr current of 1 A.
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