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Abstract: A sell-aligned InGaP/GaAs power HBTs for L-band power amplifier with low bias voltage are described.

Base emitter metal self-aligning, air-bridge, and wafer-thinning are used to improve microwave power performance.

A power HBT with double size of emitter of ( 3pm X 15u¢m) X 12 is fabricated. When the packaged HBT operates in

class AB at a collector bias of 3V.a maximum 23dBm output power with 45% power added efficiency is achieved at

2GHz. The results show that the InGaP/GaAs power HBTs have great potential in mobile communication systems

operating at low bias voltage.

Key words: self-aligned: InGaP: power HBTs: low bias voltage

EEACC: 25607

CLC number: TN322" .8 Document code: A

1 Introduction

L-band power amplifiers with single and low
bias voltage are greatly required for mobile com-
munication systems. Heterojunction bipolar transis—
tors (HBTs) have strong potential for the applica—
tion of high-power, high-efficiency microwave sol-
id-state amplifier'” . Compared with other solid-
state three-terminal devices, HBTs are attractive
for power amplifier application for the higher pow -
er density operation, higher breakdown voltage,
higher impedance values, high efficiency, and oper-
ation with single bias supply. Moreover, the optical
lithography compatible dimensions of the HBT also
make it amenable to high yield, low-cost, volume
production.

So far, several researches working on Al-

GaAs/GaAs power HBTs have very impressive re—
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. But due to inherent material limitations,
i. e. the two semiconductors (AlGaAs and GaAs)
having the same anion (As), AlGaAs/GaAs power
HBTs will effectively lower the minority-carrier in—
jection efficiency of the emitter by the existence of
conduction band spike. The use of InGaP, instead
of AlGaAs, will allow the improvement of minori-
ty-carrier injection efficiency and lower Vce-offset,
a collector emitter offset voltage because of the dif-
ference in conduction band discontinuities at the
emitter-base and base-collector junctions. In addi-
tion, extreme high etching selectivity between In-
GaP and GaAs will enhance process yield and re-
sult in lower base resistance without overetching
the base. So, InGaP/GaAs HBTs are preferable to
AlGaAs/GaAs HBTs for low -bias voltage and high
power operation' .

The research working on the InGaP/GaAs

power HBTs in China has never been reported till
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now . In this paper, we present the design and fabri-
cation of the self-aligned InGaP/GaAs power
HBTs operating at low bias voltage at L-band fre-
quency. The device exhibits good microwave power

performance.

2 Design and Fabrication

The InGaP/GaAs HBTs structures are grown
by MOCVD on a semi-insulating GaAs substrate
with 4 inch. The thickness of collector has to be
chosen by tradeoff between the collector voltage
and the transit time delay. A 700nm thick collector
is used in the epitaxial structure. The epitaxial
structure of the InGaP/GaAs power HBT is shown
in Table 1.

Table 1 Epitaxial structure of InGaP/GaAs
power HBT
Doping  Thickness
Layer name M aterial
/em”? /nm
Cap layer n* dn:Gai- sAs(x= 0.6) > 1x10" 50
Cap layer n* dn:Gai- sAs(x=0.6~ 0) > 1X10" 50
Cap layer n* -GaAs 5X10"% 120
Emitter layer In:Gai«P{x= 0.5) 3x 107 50
Base layer p" “GaAs 4x10" 60
Collector n-GaAs 3X10' 700
Subcollector n* GaAs 5% 10" 500

A self-aligned emitter-base process is used to
minimize the base series resistance and base-collec—
tor capacitor'"". First, the emitter metal pattern is
defined, evaporated, and lift-off. Then, the base is
accessed through wet etching, and self-aligned base
contacts are deposited on the base layer. Following
the base metal evaporation, the collector is accessed
through wet etching, and AuGeNi/Ag/Au for col-
lector contact alloys. The collector contact metal is
alloyed at 390°C for 1 min. Then, the device is pas—
sivated by SiN and Si0O. Finally, all emitter contacts
are joined together using low parasitic air bridges.
The wafer is to be thinned to 100 ym after all the
front-side processes are completed. This thickness
is chosen as a design compromise between low
thermal resistance and low microwave loss. In or—

der to decrease the parasitic effect and die area, we

use the HBT with double emitters. And an emitter—
ballasting resistor of 4Q/finger is included to get
the thermal stability. Fig. 1 is the microscope pho-
tograph of the device, the emitter size is 2X (3um
X 15pum) X 12.

Fig. 1
emilter size is 2X{ 3pm X 15pm) X 12.

Microscope photograph of power HBT  The

3 Results and discussion

3.1 DC and small signal characteristics

The DC performances of the device are mea-
sured by the semiconductor curve tracer. The com-
mon emitter /¥ characteristics of the InGaP/
GaAs power HBT is shown in Fig. 2, where [v=
ImA/step. Figure 2 shows the DC current gain is
about 20 without the current gain collapse that
means a 4Q emitter resistance is enough to avoid
current gain collapse. Figure 2 also shows that the
Ve-offset is about 0.3V, the knee voltage is about
0.7V at the current density of 17kA/em”. And the
breakdown voltage (BVceo) of the unit InGaP/
GaAs HBT is 12V,

The small-signal microwave performances of
the power HBT are measured with a HP8510C vec-
tor network analyzer and cascade microwave copla—
nar waveguide probes. Figure 3 shows the mea-
sured current gain (H2) and maximum available/
stable gain ( Gua) as a function of frequency. T he
S+ and fua of the power HBT are 38GHz and
30GHz by extrapolating the current gain and the

maximum available/stable gain with a = 20dB/oct
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roll-off, respectively. 24. 5dB, the maximum avail-
able gain, was achieved at 2GHz. After package, the
small signal power performance of the device at the
same bias (Ve= 2V and I.= 100mA) is measured
by Agilent E8363B performance network analyzer.
Figure 4 shows the variation of maximum available
gain with frequency. The fww of the same power
HBT decreases to 11GHz. 11. 5dB, the small-signal
maximum available gain (Guw) , was achieved at
2GHz. So. the process of package is crucial to the
performance of the power HBT. In order to im-
prove the performance of the packaged power
HBT, decreasing the package parasitic parameter in
the work frequency and decreasing the emitter se-
ries inductance are very important. The Via hole
process can decrease the emitter serious inductance

effectively.

Fig.2 Common emitter /-V characteristics of a 2X
(3pm X 15pm) X 12 HBT  [fv= ImA/step, I.=
20mA, Ve= 0.5V /step

Fig.3 Measured current gain, maximum available/
stable gain of the power HBT as a function of fre-

quency V.= 24V
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Fig. 4 Measured maximum available gain of the
packaged power HBT as a function of frequency V.
= 2V,I.= 100mA

3.2 Microwave power characteristics

The CW power characteristics of 2X(3um X
15um) X 12 HBT device at 2GHz are measured with
variable sources and load impedance. T he packaged
power HBT is mounted on Au carriers, and then
bonded to microstrip lines on thick alumina sub-
strates mounted on a brass test fixture. The har-
monics are not tuned in the matching circuits. Fig-
ure 5 shows the measured output power ( Pou) ~
power gain ( Gy) and power-added efficiency
(PAE) at 3V of collector voltage under class AB
operation. The load is tuned to a maximum power.
When the packaged HBT operates at 3V of collec-
tor bias and collector current of 200mA, a 23dBm
maximum output power with 45% power added ef-
ficiency and 7dB power gain are achieved at 2GHz.
The output power at 1dB gain compression (P i)
is 21dBm with 9. 5dB of linearity power gain.

Figure 6 is a typical output spectrum acquired
from the HP8563E spectrum analyzer, the frequen—
cy range is 0. 5~ 3. 5GHz. The RF input signal fre—
quency is 2GHz. There is an output spectrum at

2GHz. No parasitic clutter is found.

4 Conclusion

In this paper, a high performance 2X(3pym X
15um) X 12 self-aligned InGaP/GaAs power HBTs

with a low bias voltage at L-band frequency is



8

Zheng Liping et al. :

SellAligned InGaP/GaAs Power HBTs with =+

911

demonstrated. The measurement results of the de—

vice indicate that a maximum 23dBm power output

with a linearity power gain of 9.5dB and a 45%

maximum power added efficiency with 3V bias un—
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Fig. 5 Measured CW output power. PAE, gain( G;)
of a 2X(3pum X 15pm) X 12 HBT with Ve of 3V
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