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Abstract—We present a 36-element monolithic
millimeter-wave grid amplifier. The grid oper-

ates in the U-band, using pseudomorphic High

Electron Mobility Transistors (pHEMT’s) as the

act ive devices. The grid has a peak gain of

6.5 dB at 44 GHz. The grid can be tuned to

operate from 44 GHz to 60 GHz by changing the

positions of external polarizers and tuning slabs.

At 60 GHz, the grid has a peak gain of 2.5 dB.

Gain and tuning curves are consistent with the-

oretical predictions.

I. INTRODUCTION

Quusi-optics allows the output powers of many solid-

state devices to be combined in free space without

transmission line losses. Various quasi-optical grids

have been demonstrated, including detectors, phase
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Fig. 2. Photograph of the 36-element monolithic pHEMT
grid amplifier compared with a penny. The active area of
the grid is 3.1 mm on a side.

shift ers, multipliers, mixers, oscillators, and more re-

cently, amplifiers. A grid amplifier is an array of closely

spaced differential pairs of transistors. Fig. 1 shows
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Fig. 1. A grid amplifier. The polarizers independently tune

the input and output circuits.
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the approach. A horizontally polarized beam excites

rf currents on the input leads of the grid, driving the

transistor pair in the differential mode. Currents on

the output leads produce a vertically polarized output

beam. Metal-strip polarizers provide independent tun-

ing of the input and output circuits. Grid amplifiers

have been demonstrated using MESFET’S [1], HBT’s

[2], and pHEMT’s [3]. A monolithic slc)t-patch quasi-

optical amplifier has been demonstrated with limited

gain at 50 GHz [4]. Recently, a monolithic HIBT grid

amplifier has been developed at Caltech [5]. This HBT
Rm

,:
grid has produced 670 mW of power at 40 GHz [6].

Here, we present the first successful monolithic pHEMT

amplifier, a 36-element grid fabricated by Lockheed

Martin Laboratories, Baltimore. A photograph of the

amplifier is shown in Fig. 2.
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Fig. 3. The grid amplifier unit cell. Arrows indicate the

direction of rf currents.

II. AMPLIFIER CONSTRUCTION

The pHEMT’s are O. l-pm AIGaAs/InGaAs/GaAs

devices developed by Lockheed Martin [7]. The total

gate width per transistor is 50pm distributed among

four fingers. These devices are designed to operate well

into the millimeter-wave band, with a Maximum Stable

Gain (MSG) of 11 dB at 50 GHz.

Fig. 3 shows the unit cell. The cell is 520pm on a

side. The sources of two pHEMT’s are tied together to

form a differential pair. The l-kQ resistor allows the

external gate bias to flow from cell to cell. The two 50-

fl source resistors are intended to reduce the common-

mode gain. The input beam is coupled to the gates of

the transistors through the horizontal gate leads. These

leads also supply the dc gate bias. The output beam

is radiated from the vertical drain leads. The small

resistors in the output leads are used for probing and

diagnostics. Drain and source bias is provided by the

thin meandering lines.

The assembled amplifier is shown in Fig. 4(a). The

grid is monolithically fabricated on a 15-mil GaAs sub-

strate. The grid is then mounted on a Rogers Duroid
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Fig. 4. The assembled grid amplifier (a). The polarizer

positions are adjusted for optimum performance at 48 GHz.

(b) Transmission-line equivalent circuit used for gain mod-

elling.

board with a relative dielectric constant of 2.33. The

polarizers are also fabricated on low-dielectric Duroid.

A simple transmission-line model for the grid is shown

in Fig. 4(b), where the various air gaps and dielectric

slabs appear as transmission lines. Reactive elements

represent coupling to the grid and the effect of the po-

larizers. More details about the modelling can be found

in [3].

III. GAIN

The gain is measured by placing the grid in the far-

field of two cross-polarized antennas [2], We use open-

ended WR-22 or WR-15 waveguide with the flanges

sawed off as the antennaa. The millimeter-wave source

is a synthesizer-fed Hewlett-Packard 8355-series mul-

tiplier. An HP8563A spectrum analyzer with an

HP1 1974-series preselected mixer receives the amplifier

output. To avoid overheating, the grid is only biased
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Fig. 5. Amplifier gain versus frequency. The polarizer

positions are those shown in Fig. 4(a).

for one second at a time. The entire setup is computer-

controlled to facilitate data collection. The amplifier

was completely stable-no spurious oscillations were

observed.

The measured gain is shown in Fig. 5. The am-

plifier is tuned to operate at 48 GHz. The peak gain

is 6 dB. The 3-dB bandwidth is 1.7 GHz (3.5Yo). The

modelled gain is also shown, and agrees with the mea-

sured results. Diffraction losses within the grid and de-

vice variation may account for differences between the-

ory and experiment. The theoretical gain curve uses a

measured value for the pHEMT transconduct ante gm.

Without bias, the gain is below –5 dB over the entire

frequency range. The difference between the gain with

and without bias is 30 dB at 48 GHz.

To further validate the model, the gain was mea-

sured at 48 GHz as a function of polarizer position.

Fig. 6(a) shows the gain as function of input polar-

izer position. The input polarizer tunes the amplifier’s

output circuit. Fig. 6(b) shows the gain as a function

of output polarizer position. Again, the modelling is in

agreement with the measurements.

IV. TUNING

By changing the positions of the input and output

polarizers, the amplifier can be tuned to operate at

other frequencies. Fig. 7 shows the measured gain with

the amplifier tuned for a higher frequency. The peak

gain is 2.5dB at 60 GHz. The modelled gain agrees
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Fig. 6. Amplifier gain at 48 GHz as a function of input (a)

and out put (b) polarizer position.

with measurement. For this measurement, we use a

high-dielectric Duroid slab at the grid output to act as

a tuner. Fig. 8 illustrates the tuning ran~ge of the grid.

Amplifier gain is plotted as a function of frequency with
the amplifier tuned for 44, 48, 54, and 60 GHz. The

gain is 6.5 dB with the grid tuned for 4.4GHz, with a
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Fig. 7. Amplifier gain versus frequency. An output tuner

has been added, and the polarizer positions are optimized

for peak performance at 60 GHz. The noise floor of the

spectrum analyzer prevents measuring gain below –15 dB.

bandwidth of 2.0 GHz (4.5%). When tuned for 54 GHz,

the gain is 4 dB with a 3.2 GHz (6%) bandwidth.

V. CONCLUSION

We have measured the first successful results from

a 36-element monolithic pHEMT grid amplifier. The

array was fabricated by Lockheed Martin. This grid

has a peak gain of 6.5 dB when tuned for 44 GHz. By

adjust ing the external polarizers, the grid could operate

up to 60 GHz with a gain of 2.5 dB. This is the highest

reported frequency of operation for a grid amplifier.

The maximum bandwidth is 6% with the grid tuned

for 54 GHz. The gain and tuning curves agree with

modelling.
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