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ABSTRACT )
A 4-8 GHz GaAs FET balanced amplifier has been constructed on a 4mm x 5mm sapphire sub-

strate.

Lumped elements used in microwave- and DC bias-circuits, and 3-dB coupler were fab-

ricated on the substrate using thin film technology.

Introduction

Up to the present, wide-band GaAs FET
amplifiers have been developed using distrib-
uted circuit elements, which can be fabri-
cated on alumina substrates using thick film
technology. Size of the amplifiers is re-
latively large since it depends on the wave
length of operational frequency. Therefore,
efforts for miniaturization, which will re-
duce size, weight and cost, have been con-
tinuedl.

We have developed a 4-8 GHz miniaturized
GaAs FET balanced amplifier fabricated on a
4mm x 5mm sapphire substrate using thin film
technology. A miniature amplifier was devel-
oped using simple matching circuits which
were designed using computer technology.

This paper describes evaluation of
lumped elements, design of a microwave ampli-
fier, and performance of the miniaturized
GaAs FET amplifier.
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Figure 1. Frequency response of induc-
tance of the spiral.
solid line --- 2-turn spiral
broken line--- 3-turn spiral
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Figure 2. Frequency response of capac-
itance and quality factor(Q value) of the
MOM capacitor.

Evaluation of lumped elements

Passive elements used in the amplifier
are spiral inductors, metal-oxide-metal (MOM)
capacitors, thin-film resistors, and 3-dB
hybrid couplers. Fig.l shows the frequency
response of inductance of the spiral. The
line-width of the spiral inductors is 30 pm
and is equal to these line-gap. The solid
line and the broken line in Pig.l show the
inductance of the inductors used in a matching
circuit and a bias circuit,respectively. In-
ductance of the former is constant over a fre-
quency range of 2 to 9 GHz and this inductor
is suitable for use in matching circuits. The
self-resonant frequency of the latter is about
9.5 GHz. According to this and other experi-
mental results, the self-resonant frequency of
the spiral inductor is almost coincident with
the frequency at which the spiral inductor's
length is a quater effective wave length. It
seems that the coupling between lines of the
spiral is weak.

The dielectric of the MOM capacitor con-



sists of a 0.5 pm silicon dioxide film depos-
ited by a CVD of SiH4 and O3. Fig.2 shows
the frequency response of the capacitance and
quality factor(Q value) of the MOM capacitor.
The capacitance of the capacitor for impe-
dance matching in Fig.2(b) is constant over
the frequency range of 1 to 12 GHz. The
solid and broken lines in Fig.2 show Q values
of capacitors having capacitance of 0.4 pF
and 4 pF, respectively. Q value increases as
the capacitance decreases at a low frequency
when the thickness of a dielectric film is
constant. But these lines in Fig.2(a) cross
each other. The reason is that the gradient
of the solid line is greater than that of the
broken line because of loss of the electrodes
of the capacitor. Q value of the capacitor
was measured with a half wave length strip-
line resonator and is above 80 up to 8 GHz.

Design of miniaturized balanced amplifier

The balanced amplifier circuit has a
pair of "unit amplifiers" combined by 3-dB
hybrid couplers at the input and output ports.
The balanced amplifier configuration offers
the advantage of input and output impedances
equal to the characteristic impedance of a
transmission line in the operating frequency
range. This means that direct interconnection
of these amplifiers is possible for forming
a multi-stage amplifier chain without any
readjustment. The bias voltage is supplied
from a high impedance circuit not to affect
the performance of the amplifier. There-
fore, a matching circuit can be designed in-
dependent of bias circuit. To design input
and output matching circuits, s-parameters of
a GaAs FET chip were measured using an auto-
matic network analyser. The circuit elements,
required to achieve the desired performance
with stable operating conditions, were deter-
mined using a program for computerized opti-
mization of microwave amplifier circuits(COM
AC).

An equivalent circuit of the unit ampli-
fier is shown in Fig.3. To miniaturize the
unit amplifier, its matching circuits have
been designed as simply as possible using a
computer simulation. Optimized values of
the circuit elements are also shown in Fig.3.
Amplifier performance is most affected by L2
and Cy in Fig.3. They must be closely con-
trolled to achieve gain flatness. For exam-
ple, at a frequency of 8 GHz if the value of
C2 is decreased to 20 percent below the opti-
mized value, the gain of the amplifier is
reduced by about 1 dB. The value of capac-
itance can be controlled within 8 percent.

Structure and performance of the amplifier

The miniaturized GaAs FET balanced ampli-
fier, shown in Fig.4, consists of two GaAs
FET chips(gate-width of 300 um), and lumped
elements (inductors, capacitors, and resistors
) and two 3-dB hybrid couplers fabricated on
a sapphire substrate by photolithography.
The amplifier circuit is designed within the
4mm x 5mm dimensions of the sapphire sub-
strate, which is mounted on a metal base.
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Figure 3.

Equivalent circuit and opti-

mized values of circuit elements of a "unit
amplifiexr”.

Figure 4.

Photograph of the 4-8 GHz

miniaturized GaAs FET balanced amplifier.
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Figure 5. Calculated and measured

characteristics of the unit amplifier.



In Fig.5, a broken line shows the calculated
frequency response of the gain of the unit
amplifier and a solid line shows that of a
unit amplifier fabricated on a sapphire sub-
strate. Coincidence of the calculated and
measured values shows the effectiveness of GaAsFET amplifier
the CAD technique.

Fig.6 shows the frequency response of 10t
the gain of a single-stage GaAs FET amplifier. Gai L1 60mA
This amplifier has a gain of 7.6 to 8.5 dB ain d=
over the frequency range of 4 to 8 GHz at a 8l o__@r’°“~o._°,—ﬁb—m—~&
bias current of 60 mA. Noise figure of the /#” \\
miniaturized balanced amplifier is 3.5 4B at
the frequency of 6 GHz when a bias current of 6t \
20 mA.

Gain (dB)

Fig.7 shows the frequency response of
the gain of a three-stage GaAs FET amplifier,

which has a gain of 21.5 to 23.5 dB over the @
frequency range of 4.5 to 8 GHz at a bias 2 ° VSWR 0 2=
voltage of 5 V and a bias current of 200 mA. o N //o v
The last-stage amplifier delivered the output “‘m——Q::x’/k” N9l AT,
power of 36 mW with 1-dB gain compression of 0 + . s s P
5.9 dB at 7.5 GHz. 4 5 6 7 8 9
Frequency (GHz)
Conclusion
Figure 6. Frequency response of a gain

of the single-stage GaAs FET amplifier.
A miniaturized GaAs FET balanced ampli-
fier has been fabricated on a sapphire sub-
strate by thin film technology. Dimension
of the amplifier is as large as a quater of
conventional amplifier.

There have been many recent developments
in monolithic microwaye integrated circuits
using Gaas substrates2. The hybrid ampli- Pout= 36mwW
fier described in this paper is superior to out= ‘T
the monolithic amplifier from the standpoint at 7.5GHz
of cost vs. performance. The same techniques
as described in this paper will also surely .
lead to the development of miniaturized high Gain
power amplifier. '
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