$20% H11M x B

2008 4 11 H

& % %

JOURNAL OF SEMICONDUCTORS

Vol.29 No.11
Nov. ,2008

An InGaP/GaAs HBT MIC Power Amplifier with Power
Combining at the X-Band

Chen Yanhu'"", Shen Huajun*, Wang Xiantai®, Chen Gaopeng”, Liu Xinyu®,
Yuan Dongfeng', and Wang Zugiang'

(1 School of Information Science and Engineering . Shandong University, Jinan
(2 Institute of Microelectronics, Chinese Academy of Sciences, Beijing

250100, China)
100029, China)

Abstract;: A MIC power amplifier with power combining based on InGaP/GaAs HBT is developed and measured for the

application of the latest high power amplifier stage of the X-band. A novel InGaP/GaAs HBT power transistor with an

on-chip RC stabilization network is used as the power combing cell to improve the stability of the circuit. A compact mi-

crostripe line parallel matching network is used to divide and combine the power. By biasing the amplifier at class AB: V.

=7V,1.=230mA,a maximum CW stabile output power of 28. 9dBm and a power combine efficiency of 80% are achieved

at 8. 1GHz.
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1 Introduction

Power amplifiers (PA) are the key component in
the RF front end circuits of wireless communication
systems. InGaP/GaAs HBT can provide high output
power with sufficient efficiency and linearity and
meet the demands of the latest high power amplifer
(HPA) stage of modern wireless communication,such
as phase-array radars,the 3G handsets, Wlans, Wima-
xs,and RFID readers. So, GaAs HBT PAs have been
the main choice for high performance wireless sys-
tems and have become the hotspot of R&D™# . In this
paper, an InGaP/GaAs HBT power amplifier with
power combining at the X-band is developed. The PA
is designed by a MIC form that is often used in the
implementation of last HPA stage. The PA can oper-
ate at 7.7 ~ 8.5GHz and has an output power of
28. 9dBm with a power combining efficiency of 80%
at 8. 1IGHz.

2 Power amplifier design

2.1 Technology of the HBT power transistor

Self oscillation easily occurs in the HPA that has
multiple devices with power combining. In order to
improve the stability of the circuit, a novel InGaP/
GaAs HBT power transistor with on-chip RC stabili-
zation network was used as the power combining cell,
as shown in Fig. 1. Due to the on chip RC parallel net-
work, the stability factor K of the power transistor is
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above 1 in a wide frequency range™’ . So the on-chip
RC network improves the stability of the power tran-
sistor and suppresses the self oscillation that easily oc-
curs in the HPA. The RC network includes a 50Q TFR
and a 0. 8pF MIM capacitor and is placed at the input
of the power transistor and barely affects the output
power of the transistor™ . The power transistor con-
sists of ten one-finger 2 X 30pm emitter-area sub-cell
HBT that are parallel by the interdigitated layout
structure shown in Fig. 1. The sub-cell HBT has a 10Q
emitter ballast resistor in order to suppress the gain
collapse of the HBT power transistor™!. The GaAs
HBT epitaxial wafer grown by MBE is offered by
Shanghai Institute of Microsystems and Information
Technology,Chinese Academy of Sciences. The power
transistor was manufactured using a self-align process
in a 100mm compound semiconductor process line of
IMECAS' . For the HBT power transistor, the break-
down voltage BVceo is 20V ; the maximum operating
current density J, is 50kA/cm? ; the output power den-
sity is about 1. 6W/mm at the X-band.

HBT

Fig.1 Chip graph of the HBT power transistor
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Fig.2 X-band MIC PA consisting of two 2 X 300pm power
transistors, microstripe line parallel matching networks for pow-

er divider and combiner

2.2 Circuit design

Figure 2 shows the picture of the power ampli-
fier, which is a single stage X-band MIC power ampli-
fier consisting of two 2 X 300pm HBT power tran-
sistors.

A microstripe line parallel matching network is
used to divide and combine the power, as shown in
Fig. 2. It also finishes the impendence match of the
HBT at the same time. This network allows for less
area consumption than the tradition Wilkinson combi-
ning. In addition,the on-chip RC parallel stabilization
network placed in the input of each power transistor
is also a part of the impendence matching network.

The PA is designed based on the small signal S
parameter and the large signal load-pull parameters of
the HBT power transistor. The
matched to 50Q. The optimum load impendence matc-
hing for output power is obtained by the load-pull pa-
rameters. Due to the MIC form, the performance of
the PA can be casily debugged after fabrication.

input port was

3 RF performance

The amplifier was packaged as shown in Fig. 2,
and its size was 8cm X 15cm. All the measurements
have been carried on the test fixture in the 50Q envi-
ronment in Fig. 3. Due to the RC parallel stabilization

Fig.3 Amplifier test fixture
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Fig.4 Small signal performance of the PA Bias point: V.. =
7V,and I.=230mA

network, no self oscillation was observed during the
test and no additional isolated resistor in the power
combining was used.

3.1 Small signal performance

The measured small signal performance of the
amplifier at the class AB bias point V. =7V, I, =
230mA is displayed in Fig. 4. In this figure,two group
curves are shown:One is the simulation curve,and the
other is the final test result, which is tuned carefully.
Because of the MIC structure, the bond wire tuned
cell can be tuned easily to eliminate the parasitic
effect of the layout and package. After tuning, the
small signal results of the PA were close to the simula-
tion curve and can operate at 7.7 ~ 8.5GHz. The
small signal gain is 3. 7~4. 7dB,and the gain flatness
is under 1dB.
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Fig.5 CW power performance of the amplifier at 8. 1IGHz
Ve = 7V, and 1. = 230mA. Poumix = 28.9dBm,
=28dBm

Bias point:
PAE ., =27% and Pigs

3.2 Large signal performance

Figure 5 illustrates the power performance of the
amplifier at 8. 1GHz. By biasing the PA at class AB:
Ve =7V, I.=230mA.a maximum CW output power
of 28. 9dBm and a maximum PAE of 27% were meas-
ured. The low PAE mainly resulted from the low pow-
er gain of this PA due to the high frequency operation
of the X-band and the trade-off of several perform-
ance factors. Some power gain of the HBT device is
sacrificed for the design of stability and bandwidth of
the PA. The output power at the 1dB gain compres-
sion point P4 is 28dBm. For a 2 X 300pm device, the
power transistor is capable of outputting a P,; of
26dBm. So,the power combining efficiency of the PA
is about 80% .

4 Conclusion
The 7.7~8.5GHz InGaP/GaAs HBT MIC power
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amplifier with the power combining was designed,
fabricated, and measured. The on-chip RC parallel
stabilization network improved the stability of the
circuit and simplified the stability design of the MIC
with power combining. The highest CW output power
at 8. 1GHz was 28. 9dBm with a power combining ef-
ficiency of 80%.
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