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Abstract—A high-efficiency and high-power-density �-doped
AlGaAs/InGaAs HEMT with low adjacent channel leakage has
been developed for the digital wireless personal handy-phone
system (PHS). When qualified by 1.9-GHz�/4-shifted quadrature
phase shift keying (QPSK) modulated PHS standard signals, the
2.0-V-operation HEMT with a 1-mm gate width demonstrated a
power-added efficiency of 45.3% and an output power density of
105 mW/mm. This is the highest power density ever reported by
the power transistors for the PHS. The state-of-the-art results for
the PHS operating at 2.0 V were achieved by the�-doped power
HEMT for the first time.

I. INTRODUCTION

T HE advanced digital wireless personal handy-phone sys-
tem (PHS) [1] requires high-performance power transis-

tors with high efficiency and low adjacent channel leakage
under /4-shifted quadrature phase shift keying (QPSK) mod-
ulation conditions. Recently, high-performance GaAs MES-
FET’s were used for PHS handsets with a high supplied
voltage of 4.8 V [2]. A high operating voltage increases the
needs of battery cells and therefore increases the size and
the weight of a handset. In order to reduce the operating
voltage of PHS handsets, different power field-effect transis-
tors (FET’s), such as 3.5-V-operation 2-mm-wide conventional
AlGaAs/InGaAs HEMT’s [3], 3.0-V-operation 3.6-mm-wide
GaAs/InGaAs HEMT’s [4], and 3.0-V-operation 4-mm-wide
ion-implanted MESFET’s [5], [6] were reported. It is noted
that either a high operating voltage or a large gate width
strongly enhances power performance of FET’s. Although
a large gate width can compensate the output power and
the efficiency greatly reduced by a low operating voltage,
it does increase chip area and reduce the number of chips
available and device yields. In recent years, a 2.7-V-operation
1-mm-wide ion-implanted MESFET [7] was presented for
PHS applications. The output power of 18.4 dBm, how-
ever, was not high enough to meet the requirements for the
PHS. In this work, a 2.0-V-operation 1-mm-wide-doped
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AlGaAs/InGaAs HEMT was developed for the PHS for the
first time. The HEMT, which had the minimum operating
voltage and gate width ever reported for the PHS, exhibited
high power-added efficiency and high output power density
as well as low adjacent channel leakage. This is the first
report on the power performance of power HEMT’s with a
-doped structure, qualified by/4-shifted QPSK modulated

signals, for digital wireless communication applications. The
developed -doped AlGaAs/InGaAs power HEMT not only
demonstrated the high performance for the new-generation
2-V-operation PHS cordless phones, but also showed great
potential for various advanced low-voltage-operation digital
wireless communication applications in the future.

II. HEMT STRUCTURE AND FABRICATION

Fig. 1 shows the -doped AlGaAs/InGaAs power HEMT
structure used in this work, which was grown by molecular
beam epitaxy (MBE) on a 3-in (100)-oriented semi-insulating
GaAs substrate. The HEMT had a 10-nm-thick undoped
In Ga As channel. A two-dimensional electron gas was
formed in the InGaAs quantum well by the electrons trans-
ferred from the upper and lower silicon-doping layers
through the undoped spacers. The-doped scheme gave a 30-
nm undoped Al Ga As Schottky barrier layer to suppress
gate leakage and increase device breakdown voltage. An
undoped AlGaAs/GaAs superlattice buffer was employed to
improve substrate leakage and reduce output conductance. The
Au/Ge/Ni/Au ohmic metals with a total thickness of 400 nm
were deposited on the nGaAs cap layer and alloyed by
rapid thermal annealing at 310C for 12 s to obtain a low
specific contact resistance below 1 10 cm . The
eight Ti/Pt/Au gate fingers with a unit finger width of 250m
were evaporated by an electron gun system. The Au-plating
airbridges with a thickness of 2m were used to connect the
multiple source fingers. A SiN passivation film was formed
by plasma-enhanced chemical vapor deposition (PECVD) to
protect the HEMT and enhance reliability. The backside of the
wafer was thinned to a thickness of 50m and plated by Au
metal to reduce thermal resistance. Fig. 2 shows the fabricated
1-mm-wide HEMT with a 1- m gate length. The fabricated
device was bonded in a ceramic package to assist the thermal
dissipation during power measurements.

III. PERFORMANCE

Fig. 3 shows the output power ( ) and the power-added
efficiency (PAE) as a function of the input power at a drain
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Fig. 1. Structure of the�-doped AlGaAs/InGaAs power HEMT.

Fig. 2. Photograph of the fabricated 1-mm-wide�-doped AlGaAs/InGaAs
power HEMT.

voltage ( ) of 2.0 V. The dependence of the drain current
( ) on the input power is also depicted. The radio frequency
(RF) input signals for the power measurements were the/4-
shifted QPSK modulated PHS standard signals with a center
frequency of 1.9 GHz. The data rate of the input signals was
384 kb/s. The HEMT was operated at the class AB condition
with a quiescent drain current of 97 mA [20% of a maximum
drain current ( )]. The remained stable and almost
constant in a range from 97 to 100 mA during RF input power
swing. The 1-mm HEMT exhibited a PAE of 40% at
dBm. The PAE reached to 45.3% when the increased
to 20.2 dBm (105 mW/mm). The power performance of the
HEMT is better than that of 2.7-V-operation 1-mm MESFET’s
(PAE 26.4% at dBm (69.2 mW/mm) [7]).
The power characteristics of the-doped HEMT are even
comparable to those of power FET’s with a high operating
voltage and a large gate width, such as 3.5-V-operation 2-
mm HEMT’s (PAE 34.2% at dBm (70.6
mW/mm) [3]), 3.0-V-operation 3.6-mm HEMT’s (PAE
53.5% at dBm (30.5 mW/mm) [4]), and 3.0-

Fig. 3. Output power (Pout), PAE, and drain current (Ids) as a function of
input power for the 1-mm-wide�-doped power HEMT at a drain voltage of
2.0 V. The RF input signals are the 1.9-GHz�/4-shifted QPSK modulated
PHS standard signals.

V-operation 4-mm MESFET’s (PAE 37% at
dBm (57.3 mW/mm) [5] and PAE 47% at dBm
(39.6 mW/mm) [6]). The -doped HEMT had the higher PAE
and output power density than the most high-voltage-operation
FET’s [3], [5]. Although the PAE of the developed 1-mm
HEMT biased at V is lower than those of the
3.6-mm HEMT’s [4] and the 4-mm MESFET’s [6] biased at

V, the output power density of the fabricated 2.0-V-
biased HEMT is much higher than those of the 3.0-V-biased
FET’s. The -doped HEMT has demonstrated the highest
output power density ever reported for the PHS. Both the high
output power density and the high PAE were attributed to
the -doped AlGaAs/InGaAs HEMT structure which provided
an of 485 mA/mm (at a gate voltage of 0.5 V)
and a transconductance () of 310 mS/mm. The gate-to-
drain breakdown voltage ( ) of the HEMT was 18 V.
The -doped carrier supply scheme, the high-mobility-carrier
transport property in the InGaAs quantum well, and the large
conduction-band discontinuity at the AlGaAs/InGaAs/GaAs
heterointerfaces led to the high and the high of
the HEMT and enhanced the power performance at the low
operating voltage.

Fig. 4 depicts the dependence of the adjacent channel leak-
age power ( ) on the of the HEMT to reflect the
actual channel interference and spectrum regrowth for the
PHS. Under the conditions of V and
dBm, the measured at 600 and 900 kHz apart from
the 1.9-GHz center frequency were55.2 and 61 dBc,
respectively. The low adjacent channel interference at the
2.0-V drain voltage for the PHS was achieved by the-
doped AlGaAs/InGaAs power HEMT for the first time. The
low-interference property associated with the high PAE and
the high output power density was measured by the source-
pull and load-pull methods. The source impedance and load
impedance for the optimum power performance of , PAE,
and at V were and

, respectively.



IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 7, NO. 8, AUGUST 1997 221

Fig. 4. Adjacent channel leakage power as a function of output power for the
1-mm-wide�-doped power HEMT at a drain voltage of 2.0 V. The RF input
signals are the 1.9-GHz�/4-shifted QPSK modulated PHS standard signals.

The most significant result in this work is that the excellent
power performance for the PHS including the low and
the high PAE as well as the high output power density
is accomplished by the low-voltage-operation HEMT with
the small gate width. Therefore, the problems of a high
operating voltage and a large gate width are eliminated. The
2-V-operation HEMT developed is a potential candidate for
the portable wireless handsets with dual NiMH or NiCd
rechargeable battery cells.

IV. CONCLUSIONS

A -doped AlGaAs/InGaAs power HEMT was first devel-
oped for PHS applications. The HEMT exhibited an of

485 mA/mm and a of 310 mS/mm. The was 18 V.
When measured by/4-shifted QPSK modulated signals, the
HEMT demonstrated a PAE of 45.3% and an output power
density of 105 mW/mm at a 2.0-V drain bias. The at
600 kHz apart from 1.9 GHz was 55.2 dBc at
dBm. The outstanding performance of the HEMT at the low
operating voltage was attributed to the optimum-doped
AlGaAs/InGaAs power HEMT structure which demonstrated
great potential for future-generation digital wireless commu-
nication applications.

REFERENCES

[1] M. Muraguchi, M. Nakatsugawa, H. Hayashi, and M. Aikawa, “A 1.9
GHz-band ultra low power consumption amplifier chip set for personal
communications,” inIEEE MTT-S Dig.,1995, pp. 9–12.

[2] P. O’Sullivan, G. St. Onge, E. Heaney, F. McGrath, and C. Kermarrec,
“High performance integrated PA, T/R switch for 1.9 GHz personal
communication handsets,” inGaAs IC Symp. Tech. Dig.,1993, pp.
33–35.

[3] T. Yokoyama, T. Kunihisa, M. Nishijima, S. Yamamoto, M. Nishitsuji,
K. Nishii, M. Nakayama, and O. Ishikawa, “Low current dissipation
pseudomorphic MODFET MMIC power amplifier for PHS operating
with a 3.5V single voltage supply,” inGaAs IC Symp. Tech. Dig.,1996,
pp. 107–110.

[4] H. Ono, Y. Umemoto, M. Mori, M. Miyazaki, A. Terano, and M. Kudo,
“Pseudomorphic power HEMT with 53.5% power-added efficiency for
1.9 GHz PHS standards,” inIEEE MTT-S Dig.,1996, pp. 547–550.

[5] M. Hirose, K. Nishihori, M. Nagaoka, Y. Ikeda, A. Kameyama, Y.
Kitaura, and N. Uchitomi, “A symmetric GaAs MESFET structure with
a lightly doped deep drain for linear amplifiers operating with a single
low-voltage supply,” inGaAs IC Symp. Tech. Dig.,1996, pp. 237–240.

[6] T. Kunihisa, T. Yokoyama, H. Fujimoto, K. Ishida, H. Takehara, and O.
Ishikawa, “High efficiency, low adjacent channel leakage GaAs power
MMIC for digital cordless telephone,” inIEEE MTT-S Dig.,1994, pp.
55–58.

[7] M. Nagaoka, K. Ishida, T. Hashimoto, M. Yoshimura, Y. Tanabe, M.
Mihara, Y. Kitaura, and N. Uchitomi, “A refractory WNx/W self-aligned
gate GaAs power MESFET for 1.9-GHz digital mobile communication
system operating with a single low voltage supply,” inExt. Abstr. Int.
Conf. on Solid State Devices and Materials,1993, pp. 703–705.


