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Abstract—A high-efficiency and high-power-density 5-doped AlGaAs/InGaAs HEMT was developed for the PHS for the
AlGaAs/InGaAs HEMT with low adjacent channel leakage has first time. The HEMT, which had the minimum operating
been developed for the digital wireless personal handy-phone voltage and gate width ever reported for the PHS, exhibited

system (PHS). When qualified by 1.9-GHz/4-shifted quadrature - - - .
phase shift keying (QPSK) modulated PHS standard signals, the high power-added efficiency and high output power density

2.0-V-operation HEMT with a 1-mm gate width demonstrated a @S Well as low adjacent channel leakage. This is the first
power-added efficiency of 45.3% and an output power density of report on the power performance of power HEMT’s with a

105 mW/mm. This is the highest power density ever reported by §-doped structure, qualified by/4-shifted QPSK modulated

the power transistors for the PHS. The state-of-the-art results for ; . : it it
the PHS operating at 2.0 V were achieved by thé-doped power signals, for digital wireless communication applications. The
HEMT for the first time. developedé-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
HE advanced digital wireless personal handy-phone sygireless communication applications in the future.
tem (PHS) [1] requires high-performance power transis-
tors with high efficiency and low adjacent channel leakage 1. HEMT STRUCTURE AND FABRICATION

underx/4-shifted quadrature phase shift keying (QPSK) mod- Fig. 1 shows thes-doped AlGaAs/InGaAs power HEMT

ulation conditions. Recently, high-performance GaAs MESséructure used in this work, which was grown by molecular

FET's were used for PHS handsets with a high SUppII%eam epitaxy (MBE) on a 3-in (100)-oriented semi-insulating

voltage of 4.8 V [2]. A high operating voltage increases th&adAs substrate. The HEMT had a 10-nm-thick undoped

needs of battery cells and therefore increases the size A =2 As channel. A two-dimensional electron 0as was
the weight of a handset. In order to reduce the operatirlg(g{;'2 %8 ' 9

voltage of PHS handsets, different power field-effect transi med in the InGaAs quantum well by the electrons trans-

tors (FET's), such as 3.5-V-operation 2-mm-wide convention%:;id hfrt(;]rg utr?oTo uep dpir a?:re]?s I%VZL Ségcgg-](;(r)r?;nga\lgy:r;o_
AlGaAs/inGaAs HEMT's [3], 3.0-V-operation 3.6-mm-wide. "9 ped Spacers. P 9

GaAs/InGaAs HEMT's [4]. and 3.0-V-operation 4-mm-widd " Undoped Al2Ga.sAs Schottky barrier layer to suppress

ion-implanted MESFET’s [5], [6] were reported. It is noteogate leakage and increase de\{|ce breakdown voltage. An
) : ! . Undoped AlGaAs/GaAs superlattice buffer was employed to
that either a high operating voltage or a large gate wid

Improve substrate leakage and reduce output conductance. The

strongly enhanges power performance of FET's. Althoug /Ge/Ni/Au ohmic metals with a total thickness of 400 nm
a large gate width can compensate the output power an .
- . were deposited on thetnGaAs cap layer and alloyed by
the efficiency greatly reduced by a low operating voltage, . . .
. . . rapid thermal annealing at 310 for 12 s to obtain a low
it does increase chip area and reduce the number of chips .. . "
X . . specific contact resistance below X1 10°¢ Q - cm?. The
available and device yields. In recent years, a 2.7-V-operatiQ ; . . e .
S eight Ti/Pt/Au gate fingers with a unit finger width of 25@n
1-mm-wide ion-implanted MESFET [7] was presented for .
were evaporated by an electron gun system. The Au-plating

PHS appllcat|ons. The output power of 18.'4 dBm, hOW%'irbridges with a thickness of 2m were used to connect the
ever, was not high enough to meet the requirements for the

. v . i . multiple source fingers. A @N,4 passivation film was formed
PHS. In this work, a 2.0-V-operation 1-mm-widedoped by plasma-enhanced chemical vapor deposition (PECVD) to
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Fig. 1. Structure of thé-doped AlGaAs/InGaAs power HEMT. Input Power (dBm)

Fig. 3. Output powerLyt), PAE, and drain current/§,) as a function of
input power for the 1-mm-widé-doped power HEMT at a drain voltage of
2.0 V. The RF input signals are the 1.9-GH#-shifted QPSK modulated
PHS standard signals.

V-operation 4-mm MESFET's (PAE- 37% atP,,, = 23.6
dBm (57.3 mW/mm) [5] and PAE= 47% atP,,; = 22 dBm
(39.6 mW/mm) [6]). TheS-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 atVy, = 2.0 V is lower than those of the
3.6-mm HEMT's [4] and the 4-mm MESFET’s [6] biased at
Vs = 3.0V, 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 é-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 6-doped AlGaAs/InGaAs HEMT structure which provided
an I, of 485 mA/mm (at a gate voltage o0f0.5 V)
Fig. 2. Photograph of the fabricated 1-mm-widkgloped AlGaAs/inGaAs and a transconductanceg,() of 310 mS/mm. The gate-to-
power HEMT. drain breakdown voltageHV,,) of the HEMT was 18 V.
The é-doped carrier supply scheme, the high-mobility-carrier
voltage {/4,) of 2.0 V. The dependence of the drain curreritansport property in the InGaAs quantum well, and the large
(I4s) on the input power is also depicted. The radio frequen®pnduction-band discontinuity at the AlGaAs/InGaAs/GaAs
(RF) input signals for the power measurements werertle heterointerfaces led to the high,.x and the highg,, of
shifted QPSK modulated PHS standard signals with a centée HEMT and enhanced the power performance at the low
frequency of 1.9 GHz. The data rate of the input signals wagerating voltage.
384 kb/s. The HEMT was operated at the class AB condition Fig. 4 depicts the dependence of the adjacent channel leak-
with a quiescent drain current of 97 mA [20% of a maximurage power L,q4;) on the F,,; of the HEMT to reflect the
drain current [,.x)]. The I;, remained stable and almostactual channel interference and spectrum regrowth for the
constant in a range from 97 to 100 mA during RF input powétHS. Under the conditions dfys = 2.0 V and Py, = 19
swing. The 1-mm HEMT exhibited a PAE of 40%At,, = 19 dBm, the P,4; measured at 600 and 900 kHz apart from
dBm. The PAE reached to 45.3% when thg,; increased the 1.9-GHz center frequency were55.2 and —61 dBc,
to 20.2 dBm (105 mwW/mm). The power performance of theespectively. The low adjacent channel interference at the
HEMT is better than that of 2.7-V-operation 1-mm MESFET'®.0-V drain voltage for the PHS was achieved by the
(PAE = 26.4% atP,,; = 18.4 dBm (69.2 mW/mm) [7]). doped AlGaAs/InGaAs power HEMT for the first time. The
The power characteristics of th&doped HEMT are even low-interference property associated with the high PAE and
comparable to those of power FET's with a high operatinipe high output power density was measured by the source-
voltage and a large gate width, such as 3.5-V-operation @dll and load-pull methods. The source impedance and load
mm HEMT's (PAE = 34.2% atF,,, = 21.5 dBm (70.6 impedance for the optimum power performancei;, PAE,
mwW/mm) [3]), 3.0-V-operation 3.6-mm HEMT's (PAE= and P, at Vg, = 2.0 V were Zs = 8.21 + 515.86 € and
53.5% atP,,; = 20.4 dBm (30.5 mW/mm) [4]), and 3.0- Z; = 25.78 + 51.43 2, respectively.
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485 mA/mm and &y, of 310 mS/mm. TheBV,, 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. Tigy; at
600 kHz apart from 1.9 GHz was55.2 dBc atP,,, = 19
dBm. The outstanding performance of the HEMT at the low
operating voltage was attributed to the optimufrdoped
AlGaAs/InGaAs power HEMT structure which demonstrated
great potential for future-generation digital wireless commu-
nication applications.

(1]

(2]

Fig. 4. Adjacent channel leakage power as a function of output power for the
1-mm-wideé-doped power HEMT at a drain voltage of 2.0 V. The RF input o o o
signals are the 1.9-GHz/4-shifted QPSK modulated PHS standard signals. [3] T. Yokoyama, T. Kunihisa, M. Nishijima, S. Yamamoto, M. Nishitsuji,

The most significant result in this work is that the excellent

power performance for the PHS including the ld¥g; and

[4]

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 higiP]
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

6]

(7]

A 6-doped AlGaAs/InGaAs power HEMT was first devel-

oped for PHS applications. The HEMT exhibited g, of
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