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A Ku-Band Oscillator Subsystem Using a
Broadband GaAs MMIC Push-Pull
Amplifier /Doubler

Robert Martin and Fazal Ali, Senior Member, IEEE

Abstract—The design and performance results of a Ku-band
voltage controlled oscillator subsystem using a broadband GaAs
MMIC push-pull amplifier as a frequency doubler is described.
The subsystem utilizes both GaAs MMIC and Si Bipolar tech-
nologies to achieve the desired performance objectives. The
oscillator sub-system is tunable over the 14-18 GHz frequency
range with minimum output power of 18 dBm and phase noise
of —88 dBc/Hz at 100 KHz offset from the carrier over 0 to
4-65°C temperature range.

1. INTRODUCTION

OW-PHASE noise Ku-band frequency sources have typ-

ically been constructed using push-push bipolar oscilla-
tors or by use of an X-Band fundamentally tuned oscillator
combined with a frequency doubler. The push~push Bipolar
VCO approach is implemented by standard hybrid MIC
techniques where the high-frequency performance is limited
by interconnect parasitics and bipolar device parameters.
Recently, the heterojunction bipolar transistors (HBT’s) have
demonstrated high frequency push-push operations [1]-[3].
The X-Band Bipolar VCO with a frequency doubler ap-
proach traditionally uses diode frequency doubler [4] in
conjunction with required baluns. In this letter, we describe
the design and performance of a Ku-band oscillator
subsystem that incorporates a GaAs MMIC push-pull ampli-
fier /doubler in conjunction with an X-Band Si bipolar oscil-

lator to achieve low-phase noise and medium power output at -

Ku-band. In order to achieve the best subsystem perfor-
mance, GaAs MMIC chip designs combined with silicon
bipolar MIC designs can yield performance features not
found with the exclusive use of one or the other technology.

II. OSCILLATOR SUB-SYSTEM

A block diagram of a Ku-band voltage controlled oscillator
subsystem is shown in Fig. 1. The oscillator subsystem
consists of a Si bipolar VCO, GaAs MMIC amplifiers, MIC
Balun, GaAs MMIC doubler, MIC hybrid power amplifier,
bandpass filter and voltage regulator. An MIC X-Band fun-
damentally tuned silicon bipolar oscillator, configured in the
common collector negative R configuration was designed
with a tuning range of 6-10 GHz. A silicon hyper-abrupt
varactor diode was utilized as a high O tuning element.
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Following the oscillator is a 6-18 GHz MMIC amplifier
(48 x 48 mils) which acts not only as a buffer amplifier but
also provides power output leveling for the following stage,
the frequency doubler.

The frequency doubling operation is performed through
the use of a push-pull 8-18 GHz GaAs MMIC amplifier
(Fig. 2, Chip size: 48 X 48 mils) in a push-push (outputs
tied together instead of being combined through a balun)
mode. This way, a frequency doubler is realized which
suppresses the fundamental frequency. Fig. 3 depicts the
functional block diagram of the push-push amplifier/dou-
bler.

Let us assume that the input and output voltages on one
side of the push—pull amplifiers are related by:

V1= Acos(wt+0) ,
V0 = K1V1 + K2V1* + K3V (up to third-order terms)

Then the two outputs from the push-pull amplifiers are given
by the

V01 = K,A” +
2

1
+ ) K, A* [cos 2(Wt)]

(KlA + % K3A3) [cos(wt)]

1
+ 1 K, A%[cos 3(wt)]

3
Vo2 =K,A* + (KlA +3 K3A3) [cos(wt + 180°)]
1 ) .
+ K, A* [cos2(wt + 180°)]

1
+7 K3 A® [cos 3(wt + 180°)].
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Combining these two outputs, we get:

Vo1 + Vo2

3 v
=K,A*+ | K, A + ZK3A3 [cos wt — cos wt]
1 . ‘
+5 KA [cos2wt + cos2 wt]

1
7 K, A? [cos3wt — cos3wt],

ie., VOI + V02 = K, A%*dc) + K, A% cos2 wt (2nd har-
monic). :

The combined outputs only produce the 2nd harmonic and
the dc component of the input signal and hence, frequency
doubling is accomplished. The measured fundamental sup-
pression of this push-pull amplifier/doubler is 20dBc (Fig.
4) at 8.5GHz frequency and is limited by the fundamental
frequency matching networks of the push—pull amplifier.

Following the frequency doubler is a medium- power
6-18GHz MMIC amplifier (48 X 48 mils) that amplifies the
doubled output frequency up to a power level of nominally
8-10 dBm. This power level is sufficient to drive a Ku-band
balanced MESFET MIC amplifier that provides enough gain
to achieve an output power of 18 dBm at +65°C. A hairpin
bandpass filter was designed to suppress the unwanted sub-

harmonics to less than —40 dBc.
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TABLE I
SUMMARY OF PERFORMANCE
(0-65°C) )
Frequency Coverage ' 14-18 GHz
Tuning Voltage 0-10V
Power Output 18 dBm min
Power Output Flatness 1dB
Frequency Drift < 1.5 MHz/oC
Phase Noise < —88 dBc/Hz
@100 KHz offset

Harmonics =< -30dBc
Spurious < —40 dBc
Pushing <.02%
Pulling (2:1 VSWR) < 12 MHz

~ All these functions have been integrated into an SMA
connectorized module measuring only 1.8 X 1 X 0.65 inches
in size. Table I details the performance of the module. The
measured phase noise performance of the module is shown in
Fig. 5. The measured results show an approximate degrada-



350 IEEE MICROWAVE AND GUIDED WAVE LETTERS. VOL. 1, NO. 11, NOVEMBER 1991

tion of 8 dB in the phase noise of the signal (—88 dBc/Hz
from —96 dBc/Hz@100 KHz offset from the catrier) which
is comparable to the theoretical prediction of 6 dB degrada-
tion when the signal is doubled.

III. CoNCLUSION

We have successfully demonstrated the application of a
broadband GaAs MMIC push-pull amplifier as a frequency
doubler in the design and development of a Ku-band voltage
controlled oscillator subsystem. Both GaAs MMIC and Si
Bipolar technologies have been used to achieve the desired
system performance objectives.
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