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Abstract| A 10-element bi-directional quasi-optical
lens ampli�er array is presented. The ampli�er is de-
signed for X-band, and operates in transmission mode.
SPDT switches are used to switch between transmit and
receive ampli�ers. An ON/OFF ratio of 25 dB is mea-
sured for both transmiting and receiving modes with as-
sociated ampli�er gains of 5 and 10 dB.

I. Introduction

S
EVERAL transmission-mode plane-wave fed quasi-

optical ampli�ers for microwave and millimeter-

wave power combining have been presented to date

[1,2,3]. Each of these ampli�ers is fed with a plane wave

from a source in the far �eld. In order to improve feed

e�ciency, lens ampli�er arrays were developed [4,5]. In

a transmission-mode lens ampli�er, the feed is placed

in the near �eld along the focal surface, thereby min-

imizing di�raction loss. A lens ampli�er can also be

used in reception o�ering high dynamic range. In this

case, a plane wave is received and focused onto a mixer

[6]. The lens ampli�er array concept can be used for

a T/R module, Fig. 1. Here we present a 10-element

bi-directional quasi-optical ampli�er with a unit cell as

shown in Fig. 2.
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Fig. 1. A quasi-optical tranceive module consisisting of a bi-
directional ampli�er and a grid oscillator/mixer.
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Fig. 2. A bi-directional quasi-optical array ampli�er element.
The slot antennas are 2.5 cm long and 2mm wide, and the unit
cell dimensions are 3.5 by 3.7 cm.

II. Single array element

The bi-directional transmission ampli�er element is

designed to operate around 10GHz, and fabricated on

a 0.507-mm-thick �r=2.2 Duroid substrate. A circuit

schematic of the array element is shown in Fig. 3. Two

SPDT switches are used to switch between a general-

purpose MESFET ampli�er stage for transmit mode

and a PHEMT ampli�er stage for receive mode. Both

ampli�ers are matched for gain in this unit cell. The

receive ampli�er is stabilized with a 200-
 chip resis-

tor from gate to source. Two p-i-n diodes are used for

each switch. Orthogonally polarized antiresonant slot

antennas are used at input and output because of their

wide bandwidth and ease of fabrication with microstrip

feed lines. Measured and simulated return loss for a

slot antenna are shown in Fig. 4. Both the characteris-

tic impedance of the microstrip and the antenna input

impedance are 65
, to avoid additional matching sec-

tions for the antennas. The DC bias for the diodes is
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Fig. 3. Circuit schematic of the unit cell. Both ampli�ers are
matched for gain.
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Fig. 4. Measured ({) and simulated (- -) return loss of a single
slot antenna. The simulations were performed with the CAD
package Ensemble.

supplied through the slot antenna feed-lines. Both tran-

sistors share the same drain bias to reduce the number

of bias lines.

Standard gain horns, connected to an HP 70820A

Microwave Transition Analyzer and placed in the far

�eld of the unit cell, are used for the measurements. In

transmission, an incoming plane wave from a vertically

polarized horn is ampli�ed by the transmit ampli�er,

reradiated as a horizontally polarized plane wave and

received by a horizontally polarized horn. In reception,

an incoming plane wave from the horizontally polarized

horn is ampli�ed by the receive ampli�er, reradiated as

a vertically polarized plane wave and received by the

vertically polarized horn. Polarizers are inserted at a

half wavelength on each side of the unit cell to improve

the gain. The received power is measured for both the
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Fig. 5. Measured gain of the transmit ({) and receive (- -)
ampli�er in a unit cell.

transmit and receive ampli�ers over a range of frequen-

cies. Measured ON/OFF ratios of about 10 and 20dB

are seen for the receive and transmit ampli�ers, respec-

tively. The gains of the ampli�ers are calculated from

the Friis formula and plotted in Fig. 5. A gain of 5.5 dB

for the slot antennas with polarizers was used in the cal-

culations. The transmit ampli�er has a measured gain

of 10 dB at 11GHz. The receive ampli�er has a mea-

sured gain of 7.5dB at 10.8GHz.

III. Bi-directional lens amplifier array

The bi-directional lens ampli�er array consists of 10

elements in a triangular lattice with three elements in

the �rst and third row, and four elements in the second

row as shown in Fig. 6. Lensing delay lines are incorpo-

rated between the antenna pairs in each unit cell. The

delay line lengths were calculated using the design equa-

tions for a one degree of freedom lens [7]. The focal dis-

tance of the array is 27.5 cm. Each element in the array

measures 3.5�3.7 cm. The gate bias lines are horizon-

tal, while the drain and diode bias lines are distributed

diagonally. An identical array with the ampli�ers re-

placed by a through line is used for calibration of the

measurements.

For reception, a horn antenna located in the far �eld

of the array provides an incident horizontally polarized

plane wave to the array. The array receives, ampli�es

and reradiates a vertically polarized wave to a receive

horn located at the focal point. The received signal is

measured using a transition analyzer. In transmission,

the signal path is reversed. Two polarizers are inserted

at a half wavelength on each side of the array to im-

prove the gain. The passive array is also measured to

provide a reference for the measurements. The measure-
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ments are normalized to a through measurement with a

22�26 cm apperture and the transmit and receive horns

co-polarized. A measured ON/OFF ratio of 25 dB for

both receive and transmit mode are seen in Fig. 7. In

receive mode, a maximum power gain of about 10dB

relative to the passive array is measured at 9.4GHz.

In transmit mode, the measured power gain is about

5 dB at 10.2GHz. The lens ampli�er has a measured

beamwidth of about 20 degrees in both E and H-plane.

The lens ampli�er can be cascaded with a 10.4GHz

grid oscillator/mixer to form a tranceiver front end as

shown in Fig. 1. A transmitted 10.1GHz carrier AM

modulated with a 10 kHz square wave are ampli�ed and

focused by the lens ampli�er towards the self-oscillating

mixer located at the focal point. The 290MHz IF fre-

quency present on the bias-lines of the oscillator is de-

modulated using an HP89441A Vector Signal Analyzer

as shown in Fig. 9.

A simple measurement can be performed to show how

a lens ampli�er array can reduce the e�ect of multipath

fading. A 45�30 cm metallic mirror located parallel to

the optical axis in front of the array was translated in 3-

mm steps from the axis. For each step, the mirror was

rotated through a set of angles. The received power

was measured for all mirror positions with and without

the lens ampli�er. The measured maximum fades of a

9.5GHz carrier signal with and without the lens ampli-

�er and normalized to the received signal without the

mirror inserted are shown in Fig. 10. Fading nulls of less

than -9 dB and more than -25 dB were measured with

and without the lens ampli�er,respectively. For some

mirror positions, without the lens present, the fading

nulls were as deep as -50 dB. This simple measurement

show that a lens ampli�er can provide a signi�cant im-

provement of multipath fading e�ects in addition to im-

proved dynamic range.

IV. Conclusion

A bi-directional quasi-optical lens ampli�er array is

presented. In transmit mode, the vertically polarized

antiresonant slot antennas receive an input wave from

a focal point and SPDT switches rout it through trans-

mit ampli�ers to the horizontally polarized output slots.

In reception, the horizontally polarized slots couple the

input signal through the receive ampli�ers to the verti-

cally polarized slots. Stable gains of 10 and 7.5 dB are

measured for the transmit and receive ampli�ers in each

unit cell, respectively. An ON/OFF ratio of about 25dB

was measured for both transmit and receive mode of the

array. The lens ampli�er in reception demonstrates re-

duction of multipath fading.

(a)

(b)

Fig. 6. Photograph of the bi-directional ampli�er array. (a)
Circuit side. (b) Antenna/ground plane.
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Fig. 7. (a) Measured ON/OFF ratio of the transmit ampli�er
array and a passive array with polarizers at input and output
and calibrated with a through measurement. Transmit ampli�er
array biased on ({), biased o� (- -) and passive array (...). (b)
Measured ON/OFF ratio of the receive ampli�er array and a
passive array with polarizers at input and output and calibrated
with a through measurement. Receive ampli�er array biased on
({), biased o� (- -) and passive array (...).
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Fig. 8. AM demodulated 10 kHz squarewave signal received by a
quasi-optical reciever front-end. The signal was AM modulated
on a 10.1GHz carrier, mixed to a 290MHz IF frequency and
demodulated using a vector signal analyzer.
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Fig. 9. An example of measured maximum multipath fading
nulls of a 9.5GHz carrier signal with and without a lens am-
pli�er inserted. The received power is normalized to a through
measurement without the mirror inserted.
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