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Abstract — This paper reports on the InGaP/ GaAs HBT
with the GaAs/ InGaP composite collector for a GSM power
amplifier. The GaAs/ InGaP composite collector enables to
pass the ruggedness test with SWR=10:1 at Vg >5V,
keeping the total collector thickness of around 900nm and
the high power added efficiency (PAE). The load-pull
measurement result for multi-cell HETs with total emitter
size of 7200um’ reveals the PAE of 74% at Pout=35dBm
and V¢z=3.5V for the composite collector.

I. INTRODUCTION

An InGaP/GaAs hetergjunction bipolar transistor
(HBT) has beén widely used for wireless handsets,
because an HBT has excellent features of single-veltage
operation and high power density with high efficiency.
For using an HBT as a GSM power amplifier, it is
required that a power amplifier does not fail at high load
voltage-standing-wave-ratio (SWR) conditions that an
antenna fault causes. In the condition of this ruggedness
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improve the breakdown voltage [3]. However, thicker
collector degrades the PA performance, which is caused
by the increase in the on-resistance and the degradation of
cut-off frequency. These are caused by the decrease in the
electric field in the collector and the increase in the
collector transit time, respectively. Thicker collector also
leads to the process problem due to the high topology.

In this paper, we present the InGaP/GaAs HBT for a
GSM power amplifier with high ruggedness performance.,
This HBT has a novel GaAs/InGaP composite collector
structure that enables to pass the ruggedness test of SWR
= 10:1 at Veg > 5V without much degradation of the RF
performance and large collector thickness.

I1. DEVICE DESIGN FOR HIGH BREAKDOWN VOLTAGE

The collector-emitter ~ breakdown voltage during
operation was simulated for designing the collector layer
structure. The simulated breakdown voltage is shown in
Fig. 1. The layer structure using this simulation consists
of a 500nm GaAs subcollector layer (5x10'%cm™ doped),
an 80nm GaAs base layer (4x10”°cm™ doped), a 30nm
Ing4sGao 5P emitter layer (3x107cm™ doped), GaAs and
InGaAs emitter contact layers. The collector layer is a
widely used GaAs layer, which consists of an only GaAs
layer.
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Fig. 1. Simulated collector-emitter breakdown voltages for
GaAs collector structure. The circle reveals the measured pulse-
mode breakdown voltage.

In this simulation, a junction temperature is constant at
any bias points, In the RF operation, a junction
temperature is almost constant and determined by the DC
power although voltage and current swings are created,
The circle marker in Fig.1 reveals the measured pulse-
mode breakdown voltage for 800nm [-GaAs collector
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(doping density Nd=0) In this measurement, the pulsed
base-current is used for preventing the increase in the
junction temperature. The pulse width is 100psec. This
breakdown voltage is 2-3V lower than DC-sweep
breakdown voltage since an avalanche breakdown voltage
increases as a junction temperature increases, The
simulated breakdown voltage is in good agreement with
the pulse-mode breakdown voltage.

The simulated dynamic loadline is also shown in Fig. 1.

The loadline exists in the patterned area of Fig.l under
the ruggedness test of SWR =10:1(all phase) at Veg=3V,
The input power was set 1o the output power of 35dBm at
Vee=3.5V. To pass the ruggedness test with SWR of 10:{
at Vce=5V, the breakdown voltage line needs to exceed
this dynamic loadline.

A. GaAs Collector

In Fig.1, the increase in the collector thickness enables
to improve the collector-emitter breakdown voltage at low
collector current density (Jc), while the breakdown
voltage at high Jc is not sensitive to the increase in
collector thickness. The increase in a collector doping
density improves the breakdown voltage at high Jc.
However it degrades the breakdown voltage at low Jc. The
higher doping density also causes the degradation of RF
gain due to the increase in the base-collector capacitance.
Therefore, the HBT with the GaAs collector is difficult to
pass the ruggedness test of SWR=10:1 at V=5V when
the collector thickness is around 1000 nm. To pass the
ruggedness test, the improvement of the breakdown
voltage at high Jc is important.

B. Composite Collector

We propose the novel GaAs/InGaP composite collector
structure for improving the breakdown voltage at high J..
The composite collector layer structure consists of two
layers, a GaAs layer and an InGaP layer, The InGaP layer
is inserted between the GaAs and the subcollector layer.
This InGaP layer improves the breakdown voltage at high
Jc. This is because the high electric field is formed near
the collector-subcollector interface at high Jc and, the
electron and hole impact ionization coefficients in InGaP
are 1/100 smaller than those in GaAs [4]. The ordered
InGaP is used in the composite collector for minimizing
the conduction band discontinuity.

The composite collector structure is also used to
suppress the degradation of PAE due to the increase in
the collector resistance. The InGaP collector, which
consists of an only InGaP layer without a GaAs layer,
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causes the much degradation of PAE than the composite
collector. The simulation result for the collector resistivity
is shown in Fig. 2. The base-emitter voliage is 1.35V and
the collector-emitter wvoltage is 0.01V. The conduction
band discontinuity between GaAs and InGaP is 0eV. The
corrector resistivity r’ was calculated from (1) [5]
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where Eg' is the quasi-Fermi level. The collector
resistance can be obtained by integrating the profile of the
collector resistivity.
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Fig. 2. Simulated resistivity in the collector region for the
composite collector.
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Fig. 3. Simulated breakdown voltage for the composite collector
structure A and B.

The high resistivity region is formed in the InGaP layer
as shown in Fig.2, The thicker InGaP laver in the
composite collector causes the increase in the collector
resistance,



TABLE If
SUMMARY OF RUGGEDNESS TEST RESULTS

V=425V 5.00V 5.50v 515V
1-GaAs collector (800nm) 51 ’
Structure A 10:1 10:1 6:1
Structure B - 10:1 10:1 10:1 10:1

Figure 3 shows the simulated breakdown voltage for the
composite collector structure. The collector structures are
a 700 nm GaAs/ a 200 nm InGaP for the Structure A, and
a 700 nm GaAs/ a 300nm InGaP for the Structure B. The
composite collector structures A and B are expected to
pass the ruggedness test with SWR = 10:1 at Vep= 5V.

III. DC BREAKDOWN MEASUREMENT

The measured breakdown voltage is shown in Fig. 4.
The pulsed base current was used. The pulse width and
periodicity were set to 100 us and 1ms, respectively. The
unit cell HBTs with an emitter size of 3um x20um x2
were used.
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Fig. 4. Measured breakdown voltage for the i-GaAs collector
and the compaosite collectors.

The measurement results reveal that the composite
collector structure A and B enable to improve the
breakdown voltages at all Je. The breakdown voltage for
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the structure B is higher than that for the structure A
since the InGaP layer in the composite collector for the
structure B is thicker than that for the structure A.

The base-open breakdown voltage (BVeeo) and the
emitter-open breakdown voltage (BVcpo) are listed in
Table 1. These breakdown voltage is measured with the-
conventionally used DC sweep.

TABLE I
DC-SWEEP BREAKDOWN VOLTAGE
GaAs collector Composite collector
Non-dope, 800nm Structure A Structure B
BVego 15.0V 16.9V 185V '
BV g 21.0V 26.5V 29.1v

I'V. RUGGEDNESS TEST AND PA CHARACTERISTICS

Ruggedness test was performed for the multi-cell HBT.
The total emitter size is 7200pum?®. The input power was
set to the output power of 35dBm at Vg of 3.5V, This
input power was used during the ruggedness test at
Vee=4.25V to 6V, which causes higher output power as
the increase in Veg. The experimental results are
summarized in Table II. The composite collectors A and
B can pass the ruggedness test with SWR= 10:1 at Veg=
5V, while the conventional GaAs collector (non-doped,
800nm) fails at this condition., Furthermore, Siructure B
can pass the ruggedness test at Veg=5.75V. Therefore,
our composite collector HBT cannot be easily failed.



TABLE 111
SUMMARY OF LOAD-PULL MEASUREMENTS
V=35V, Gain Ic PAE
Pout=35dBm (dB) | (mA)} (%)
[-GaAs collector | .8 1104 76
Structure A 10.8 | 1154 74
Structure B 10,0 | 1147 73
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Fig. 5. Load-pull measurement results for GSM spec.

The load-pull measurement results are summarized in
Table III and Fig.5. The operating frequency is 900MHz
and Vg is 3.5V, The power added efficiencies (PAE) for
structure A and B are only 2-3 % smaller than that for the

" conventional GaAs collector (non-doped, 830nm) at an
output power of 35dBm. This degradation is mainly
caused by the increase in the collector resistance.

V. CONCLUSION

The InGaP/GaAs HBT with a novel GaAs/InGaP
composite collector for a GSM power amplifier was
presented. The GaAs/ InGaP composite collector enables
to pass the ruggedness test of SWR=10:1 at V=5V,
keeping the total collector thickness of around 900nm.
This is because the avalanche breakdown near the
collector-subcollector interface is effectively suppressed
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by using the InGaP layer. The total collector thickness is
not much larger than lum, which little leads to the
process problem due to the high topology. The composite
collector also enables to suppress the degradation of PAE
due to the increase in the collector resistance. The resuit
of the collector-resistivity simulation reveals that the
InGaP layer in the composite collector causes the increase
in the collector resistance. This reveals that the InGaP
collector, which consists of an only InGaP layer, causes
much more degradation of PAE compared with the
composite collector. As a result of the load-pull
measurement, the high PAE of 74% is obtained for the
composite collector, which is only 2% smaller than that
for the conventional GaAs collector at an output power of
35dBm, 900MHz and Vg of 3.5V. These results reveal
that the HBT with the GaAs/InGaP composite collector is
suitable for a GSM power amplifier.
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