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ABSTRACT

Internally matched GaAs FETs, with
output powers of more than 10W,have been
developed for the 10.7-11.7 and 14.0-14.5
GHz bands. These devices, with a total gate
width of 32mm,consist of two chips that are
fabricated by diect ion implantation and
chemical dry etching. At 14.25 GHz,the Ku
band device has achieved an output power
of 41dBm,a power gain of 5 dB and a power
added efficiency of 21 %. At 11.2 GHz, the
X band device has delivered 41.2 dBm,5.8 dB
and 25% respectively at the 1 dB gain comp-
ession point.

INTRODUGTION

In recent years,there has been an incre-
ase in the use of GaAs power FETs as
substitutes for TWT amplifiers in X-band
radar and microwave communication and Ku
band satellite communication systems.Espec-—
ially in X to Ku band, that is becoming the
main frequency of microwave communication
systems,GaAs power FETs with execellent
per formance, such as high power,high gain
and high efficiency,have been in strong
demand. In addition,the microwave communic-—
ation systems also require FET amplifiers
with small size and low cost(1)(2)(3).

In a high power device,multiple chips
with large gate widths should be well comb-
ined by internal matching circuits. Theref-
ore,chip—-to-chip uniformity and low loss
internal matching are necessary to increase
the power-combining efficiency in the mult-
ichip device.

This paper descrives the several process
techniques which help to improve chip unif-
ormity and internal matching, and the perf-
ormance results of 10W-power GaAs FETs for
X to Ku band will be presented. These tech-
niques involve direct ion implantation,
chemical dry etching and an accurate wire
bonding technique,by the use of an automat—
ic bonder and an FET chip design suitable
for bonding.
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CHIP DESIGN

Fig.1 shows a photograph of the GaAs FET
chip. A gate length of 0.5 um and a finger
length of 80 um were chosen for X to Ku
band operation. The gate pitch was 15 um
and the source-drain finger to finger spac-
ing was 8 un,in which ohmic contact regions
(n+regions) were formed having 5 ym-spacing.
The total gate width was set at 16 mm to
obtain an output power of more than 6 W
from a single chip. The chip size is 3.4 mm
x 0.6 mm.

As seen in the photograph,the gate pad(
along the top) and the drain pad(along the
bottom) have long and slender patterns. In
a multichip device in which each chip is
individually matched with its own input and
output circuits,differences in wire length
frequently take place,due to displacement
between the FET chip and the circuit eleme-
nts to be mounted. Since this new pattern
has no defined bonding pads,it is possible
to determine the bond positions on the FET
chip necessary to keep a fixed wire length.

Air bridges and via holes were used to
reduce the parasitic capacitance and the
inductance respectively. The FET chip was
30 ym thick,and a gold-plated heat sink(PHS)
50 um thick was formed on its back.

GaAs FET chip

Fig.1
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FABRICATION PROCESS

The direct ion implantation technique
was used to form active layers uniformly,
across the 2-inch wafer. The Sitwas implan-—
ted with energies of 70 KeV,and 200 KeV,and
with respective doses of 1.5E12 cm?,and
4.8E12 cm’. The peak concentration and the
depth of the active layers are about 1.7E17
ci® and 0.27 ym respectively. The source
and drain electrodes were formed by alloyi-
ng Pt/AuGe. The Al gates were defined by
using the direct electron beanm lithography
and lift-off technique. The resulting vari-
ation in the gate electrodes is within
$0.06 um for the length across the 2-inch
wafer. The alignment accuracy is within
0.1 ym.

The via hole structure and chip isolati-
on were attained by the use of RIE(Reactive
Ion Etching). Compared with the chemical
wet etching, the RIE technique provides a
potentially suprior means of etching subst-
rates uniformly with reproducibility. Comp-
ound gases containing Bcl; were chosen as
the reactive etchant,because polymer remai-
ns on etched surface in the standard gases
using Ccl2 2 . Fig.2 shows a SEM photograph
of the cross section view in a deeply etch-
ed substrate. The typical etching temperat-
ure and time were about 70°Cand 30 minutes
for the 30 ym thick GaAs substrates. Since
no significant side-etching occurs,the uni-
formity of the via holes is excellent,acro-
ssa large-area wafer. This precise process—
ing establishes uniform source inductance
across the chip and between the chips. The
RIE etching were performed using a photore-
sist mask in the via-hole process and using
the gold-plated heat sink as a mask in the
chip isolation process. In the PHS process,
high speed gold plating,which utilizes sol-
ution flow through the plating cell,was
applied to form the 50 ym thick metallizat-
ion in short time. The plating rate was 0.6
minutes/um. Fig.3 shows the backside view
of a completed wafer with selective 50 um
thick metallization.
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Fig.2 Cross section view of via hole

Fig.3 Backside view of a completed wafer
after PHS metallization

INTERNAL MATCHING

The input and output internal matching
circuits were both constructed with chip
capacitors and distributed circuits for the
X and Ku band devices. Fig.4 shows a top
view of a Ku-band internally matched GaAs
FET,consisting of two chips. The package
size is 21mm X 12.9mm. The input and output
circuits both consist of a 2-section LC low
pass filter network,in which the inductor I
is formed using bonding wires. The circuit
elements for the X and Ku band devices were
optimized by an in-house computor simulati-
on program.

Ku band internally matched GaAs FET

Fig.4



In this study,an accurate wire bonding
technique was investigated to minimize ind-
uctance variations related to differences
in wire length and wire pitch. This techni-
que involve the use of an automatic bonder
and the newly designed FET chip. In the au-
tomatic bonder,the positions of wire bonds
were programmed,keeping wire length and pi-
tch constant for each lumped circuit. Furt-
hermore,all of the bond positions on the

Fig.5 Magnified inner view of internally
matched device
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Fig.6 Output power and power added effici-
ency versus input power for X and Ku
band devices

FRT chip could be arranged in conjunction
with the locations of the input and output
chip capacitors. This may be seen in a mag-
nified inner view of an internally matched
device,shown in Fig.5. This wire bonding
technique permits mass production,by incre-
asing the throughput and yield,and by lowe-
ring the labor costs.

DC—-RF PERFORMANCE

The saturated drain current{Idss) of a
16mm FET chip was set to about 4.0 A{0.25A/
mm) to ensure a area of safety operation.
The typical breakdown voltage between gate
and source was measured to be -8V, when
defined at the leakage current of 60 uA.
The channel-to-case thermal resistance of
the 2-chip device was about 1.2°C/W,measur-—
ed by the IR method. The RF performance of
the X and Ku band devices were tested under
the bias condition of Vds=10V.

Fig.6 shows the output power (Pg,:} and
the power added efficiency(nag) versus the
input power (Pin) for the X and Ku band devi-
ces,with additional tuning. At 11.2 GHz, the
X band device achieved an output power (Pig)
of 41.2 dBm(13W),a power gain(Gygg) of 5.8
dB and a power added efficiency({nag) of 25
% at the 1dB gain compression point.

At 14.25 GHz,the Ku band device delivered
the output power (Pigs) of 41 dBm{12.6W) with
5 dB power gain(Gidas) and 21 % power added
efficiency(naag) . These results show state-
of-the-art high power performance for X and
Ku band power GaAs FETs.

Fig.7 and 8 show the Pigs and linear pow-
er gain(Gpp) characteristics of the X and Ku
band devices,in the 10.7-11.7 GHz and 14.0-
14.5 GHz bands. Typical output powers of
more than 10W were obtained for both devic-—
es,with no additional tuning.

qu
% X-band device Vps=10v
a4l
& -
g o////”’—o__‘““\\\o
wl
=
240 |
z 472
= —_—
38 3
o/”,,,——{k———-\\\o i)
=
_Gg
oo
=
158
o
=<
g
L 1 1 =
10.7 1.2 11,7
FREQUENCY f (GHz)
Fig.7 Output power and linear power gain

versus frequency for X band device

849



Fig.9 shows the third order intermodula-
tion characteristics of the Ku band device,
by the two tone test. An IM of 40 dBc was
obtained at the output power of 34 dBm(6 dB
back-off point from 40 dBm),and the interc-
ept point was 53 dBm. These results are
sufficient for digital communication system
applications.
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COCLUSION

Power GaAs FETs,with state-of-the-art
high power performance,have been developed
that deliver output powers of more than 10W
for the X and Ku bands. At the band center
frequency of 11.2 GHz,an output power (P;ss)
of 13W with 5.8 dB gain and 25 % power add-
ed efficiency was obtained. At 14.25 GHz,
P1gp: G1gp and Nygg were 12.6W,5 dB and 21 %
respectively. These performance results are
due to the chip uniformity and the combined
effect of the internal matching circuit.
The present techniques,which are the direct
ion implantation,the reactive ion etching
and the use of an automatic bonder,are hig-
hly reproducible on mass-production basis,
and will promize the approach to higher
power multichip device.
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