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Abstract

This paper describes the development of an
advanced single-chip Ka-band transceiver for
military applications. The in-fixture measured
performance of the transceiver chip will be
presented. The transceiver chip monolithically
integrates seven separate chips and one filter
onto a single chip. In-fixture, the monolithic
transceiver chip has demonstrated measured
receiver noise figure of less than 6.5 dB across
the RF band from 38.0 - 38.5 GHz at an IF of
2.45 GHz under -10 dBm LO drive. The trans-
mitter output power was measured to be
greater than 17.5 dBm across the 38.0 - 38.5
GHz band.

Introduction
In many military applications, it is essential to

increase the reliablity of the electronic compo-
nents. GaAs-based technology provides an

opportunity to integrate many complex func-
tions onto a single chip [1]. Such an imple-
mentation reduces human assembly errors by
reducing the required number of chip-to-chip
interconnections, and therefore increases sys-
tem reliability. In addition, integration has
great potential to reduce product cost. In this
paper, we report on the development of a
GaAs-based transceiver chip which monolithi-
cally integrates the front-end LNA, image-
reject filter, mixer, IF amplifier, LO multiplier
chain, and transmitter output driver amplifier.

Transceiver Chip Architecture

A block diagram of the transceiver chip,
shown in Fig. 1, illustrates the degree of func-
tional integration of the monolithic chip in a
typical Ka-band digital transceiver sub-sys-
tem. The receiving input begins with a two-
stage, Ka-band balanced LNA which is fol-
lowed by a single-stage single-ended buffer
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Fig. 1 Block diagram of a typical transceiver architecture illustrating integration of monolithic chip
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amplifier and an image-reject filter. The mixer
utilizes a singly-balanced topology and uses
dual HEMT gate-diodes as the mixing ele-
ments. The IF output of the mixer is extracted
through a low-pass filter and is fed into a two-
stage single-ended IF amplifier to output the S-
band IF signal. At the LO input, two-stages of
K-band amplification are followed by an active
HEMT doubler which converts the K-band LO
input to Ka-band. Next, four stages of single-
ended amplification are used to increase the
power level to allow the LO to be split to drive
both the mixer and the output power amplifier
chain. The output power amplifier chain con-
sists of a single-ended pre-driver folowed by a
balanced output driver amplifier. Separate bias
inputs exist for the receiver side, LO transmit-
ter chain, and output power amplifier. Fig. 2

shows a layout of the monolithic transceiver

chip. The chip has dimensions of 4.5 x 5 mm?

and has been fabricated using TRW’s produc-
tion GaAs pseudomorphic HEMT process [2].

Measured Performance

After on-wafer screening, the transceiver

Fig. 2 Layout of the transceiver MMIC
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MMIC was been diced and mounted in a hous-
ing for fixture measurements. The conversion
gain, noise figure, and output power results
quoted below have all been corrected for fix-
ture losses at the LO, RF, and IF ports. Fig. 3
plots the measured performance of the chip
operated in its receiving mode and indicates
that a noise figure less than 6.5 dB and conver-
sion gain greater than 28 dB have been
achieved across the RF band from 38.0 - 38.5
GHz under an LO drive of -10 dBm. The dc
bias current consumed by the chip with +5 V
applied to the receiver and transmitter bias
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Fig. 3 In-fixture measured receiver conversion gain
and noise figure of the monolithic transceiver chip
with an LO input of -10 dBm

20

—
(%

[
[e]

9]

Output Power (dBm)

=

0
37 37.5 38 38.5 39
Output Frequency (GHz)

Fig. 4 In-fixture measured transmitter output power
of the monolithic transceiver chip with an LO input of
-10dBm



inputs is nominally 320 mA.

Fig. 4 plots the output power from the trans-
ceiver transmit port over the frequency range
38.0 - 38.5 GHz. The maximum output power
was measured to be greater than 17.5 dBm
with an LO input of -10 dBm. The transmitter
chain and output driver amplifier consumed
500 mA of current with +5 V at the bias inputs.
In the IMA, the transmitter output of the trans-
ceiver chip will be used to drive a separate
power amplifer chip.

Conclusion

The operation of a Ka-band monolithic trans-
ceiver chip has been successfully demon-
strated. The chip has achieved conversion
gain and noise figure of greater than 28 dB and
less than 6.5 dB, respectively, across the
receiving band of 38.0 - 38.5 GHz, and an out-
put power of greater than 17.5 dBm across the
transmitting band from 38.0 - 38.5 GHz. By
combining several of the transceiver functions
onto a single chip, we can easily insert the
electronics into commercial or military sys-
tems, and the cost and manufacturing com-
plexity of such systems have the potential to be
dramatically reduced.
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