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ABSTRUCT

A lo~-\oltii~c” GilAs power amplifier for 1,9-GHz digital

mol)ilc co]lllllllllic~~tioll applications such as PHS handsets has

I)LUII dc\cltJpcd, using refractory WNx/W self-aligned gate

M ESIEI’S with p-pocket layers, This power amplifier

opcr:ltcs with a single low 2-V supply, and an output power of

21 .() dBm, a power gain of 22.3 dB, a low dissipated current of

102.() 117A and a high power-acidcci efficiency of 38.5 % were

attained with a low 600-kHz adjacent channel Icakage power

ot’ -.5S. ()dBc for 1.9-GHz n/4-shifted QPSK modulated input.

INTRODUCTION

Di::it al mohilc communicant ion has greatly expanded, such

;IS Ihc 1.9-G Hz Japanese personal handy phone systcm (PHS)

using n/4+hiftcd quadrature phase shift keying (QPSK)

nwxlul;it ion. The PI-IS handset demands a enough Iincar

t I;Insmission power amplifier, because the cnvclopc of

n/4-s hitlcd QPSK modulated signal is not constant. It is

SPccificd that a PHS handset transmits a power of ~tl>~ut

I W Bm u’it h adjacent channel leakage powers of lCSSthan -50

d BC iInd -55 dBc at 600 kHz and 900 kHz apart horn 1.9 GHz,

rcspcctivcly. A 600-kHz acljaccnt channel leakage power of

-58 d Bc (~r hclow is required at 21 -clBm output power for a

transmission power amplilicr, allowing for a sufficient margin

ill i[ddit ion to 10SSCSinserted bet wccn the amplifier and the

:Inttcnna in the set. A GaAs MESFET is onc of the best

canalidatcs for such application, because of its low signal

di~t[)l (i~~n. l~)w cost and good producibility.

‘[’here :Irc c\idcnt ncccis for smaller size, Iongcr talking and

stillldh\J t imc, battery-driven mobile communication

equipments. Negative voltage generation hccomcs a Iargc

obstacle to realize very compact handsets, l)ccaLIsc additi(~nal

batteries or circuits such as cic-to-dc converters arc ncccss; Ily.

There is a great need of a power amplifier which opC~iltcs with

a single voltage supply, as the other components in 111IS

handsets can operate without negative voltage. 1lo\vc\cr,

nc@ivc gate bias is necessary for most of conventional GaAs

power MESFETS, with the exception of rcfractoly WNx/W

asymmctrica]ly self-aligned gate power M ES FETs wit h buried

p-layers (BP-MESFETS), which were rcp(~r{cd prc\i(Jusly ;lncl

can operate with a single voltage supply at 2,7 VI 1,2].

Since battery size is the chief ohstaclc to the

miniat urizat ion of handsets, rcducl ion of power dissip;it i~~n

results in great importance. As operation voltage is lowered,

power dissipation for Si CMOS digital circuits such as lxlsc-

band ISIS which arc acting even in the standby mode oft hc set

is rcduccd. Although present CMOS ISIS t)pcrittc at ill~t)llt

3 V, lower-power CMOSS will be surely availal)lc in near

future, which may operate with two Ni-1 I Ixlttcry CCIIS, l(~r :1

1.2-V Ni-H hattcry has rcccnt Iy hiid illmos[ t hc S:IINC\ol(IInC

energy density as a Li ion battery. To our k llOWtCd~C,

however, no GaAs power MESFET amplitlcr which opcriltcs

with high efficiency and low adjacent channel lcill{il~c power at

about 2 V has been reported yet. Ill gCllCrill, Iowcring

supply voltage causes both poorer Iinci]rity and ctllcicncy for

conventional power amplifiers.

This paper dcscribcs a GilAs power :Impl il’icr using

refractory WNx/W self-aligned gate M ES lW1’s v’i( h p-p(~ckct

layers (p-pocket MESFETS)[3], which wc newly LICICL!loped,

succeeding asymmetrically self-aligned BP-M ES FETS. This

power amplifier operates with high efficiency i]nd low acljaccnr

channel leakage power with a single low 2-V sLipply,
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Figure I: Cross-sectional view of self-aligned gate GaAs

M ES FET wit h p-pocket layers
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Figure 2: Typical I-V characteristics of p-pocket MESFET

IWT STRUCTURE AND PERFORMANCE

Refractory gate technology is a promising approach for

power M ES FET production because of its simple process,

~()(~d dc\icc reproducibility and reliability. Figure 1 shows a

{ypic:l I schcmat ic cross-sect ional view of a self-aligned gate

G;IAs M ESFET with p-pocket layers. This MESFET is

f:ll>ricatcd on a semi-instrlating GaAs substrate through fully

ion- imlantat ion process and it has a planar self-alignment

st ruct urc, including p-pocket layers not under the channel but

exclusively under the source and drain regions, to eliminate the

short channel effect. These p-layers which arc formed by
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Figure 3: Voltage dependence of clrain efficiency of p-pocket

power MESFET, compared with conventional power BP-

MESFET

Mg ion implantation self-aligned against thc gate CICCIrode arc

completely depleted to avoid excess parasitic capacitance.

The sputter-deposited WNx/W bilaycr is crnploycci for

reducing gate resistance to 1/20, compareci with a WNX

monolayer[4]. The gate length is 0.8~m.

For low-voltage, low-distort ion, high-efficiency opcra[ ion

of power MESFETS, both low on-state resistance and

sufficiently little change of drain conductance arc quite

desirable. In addition, high transconductancc is really

essential to single voltage supply operation of power

MESFETS, because of small gate input voltage swing which is

determined fundamentally by Schottky barrier height and ~iitc

bias. Figure 2 shows the typical drain I-V charactcrist ics of

the p-pocket MESFET. Holes arc gcncmtcd hy impact

ionization, especially in higher drain bias conciit ions. [11thc

case of the p-pocket MESFET, few of thcm arc distrihutcd

under the charnel but in the source-side p-pocket region, and

therefore, anomalous increase of drain current against clrain

voltage, so-called “I-V kink”, has never appeared, which is

different from the case of the conventional BP-M ESFET,

where holes are collected in the buried p-layer under t hc

channel. In addition, self-alignment st ruct urc rculizcs bo[ h

low on-state resistance and high transconduc[allcc. These

good features realized a high drain efficiency over 50 % and a

low 600-kHz adjacent channel leakage power for 1.9-G Hz

rc/4-shifted QPSK modulated input even at 2-V drain bias
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Figure 4: Output power characteristics of power amplifier for

1.9-GHz n/4-shifted QPSK modulated input with a single 2-V

wpply

LIndcr a non-ncgat ivc gate bias condition. As a measured

cxarnplc, voltage dependence of drain efficiency of a p-pocket

pt~wcr M ESFET, compared with that of an asymmetrically

self-aligned power BP-MESFET, under a 600-kHz adjacent

channel Icakagc power of -59dBc, is shown in Fig. 3. As

supplied iwltagc was Iowercd, drain efficiency dccrcased in the

11P-M E. SFET. As for t hc p-pocket MESFET, contrastively,

higher drain efficiency at 2 V or l>elow was obtained than 43%

;1[ 3 v. Though p-pocket power MESFETS are enough

usclul for conventional 3-V PHS handsets, they arc more

suitable for Iowcr voltage applications,

AMPLIFIER DESIGN AND PERFORMANCE

A two-stage power MESFET amplifier was designed.

The GaAs power amplifier chip contains two p-pocket

MESFETS and an intcrstagc circuit which is composed of a

Au-pla(c(i spirai inductor, a MI M capacitor, and kndk resistors.

illpllt, Olltpl!t, an(i hissing circuits were designed on an
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Figure 5: Voltage dependence of output power and powcr-

addcd efficiency of power amplifier

aluminum module substrate, in orxicr not only to minimize the

chip area ami reduce the hiss voltage drop, but also to rcducc

the transmission loss of the output matching circuit with IOU,

impedance, for lower voltage operation ncccssitatcs iargcr

output current swing. The chip size is as small as 1.0 mm x

1,0 mm. Load impedance for the power MES F’ET in thc

second-stage was determined by load-puli mcasurcmcnt using

a 1.9-GHz m/4-shifted QPSK rnodulatcd source.

Output power performance of the GaAs power amplifier

for 1.9-GHz n/4-shifted QPSK mociuiatcci input was mcwurcd

with a singic 2 V supply. Figure 4 shows tllc typicdl Oll(pllt

power characteristics under a condition that, gate hiascs oft hc

first and second stage FETs were O V and 0.08 V, rcspcctivcly.

An output power of 21,0 dBm anti a power gain of 22.3 di3

were rncasurcd, where adjacent cixmnci icakagc po\~’cr was as

iow as -58.0 dBc at 600 kIHz apart fr~~nl 1.9 GI IY. A k)\v

dissipated current of 162.9 mA and a high power-a(idcd

efficiency of 38.5 % were attaincci. ‘rhlls the pov’cr

amplifier operates wit h sufficiently low distortion anti k)w

power dissipation even at 2 V in PIES. Figure 5 shows

voltage dcpcndcncc of output power anti power added

efficiency of this power amplifier at a 600-1<”}iz wljaccnt

channel Icakagc power of -58 dBc. The highest powci
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ddcd efficiency was obtained at 2 V, although output power

dccrcascd monotonously with lowering supplied voltage.

CONCLUSION

A GaAs power amplifier has been developed using

refractory WNx/W self-aligned gate MESFETS with p-pocket

layers. This power amplifier can operate with a single low

2-V supply, and an output power of 21.0 dBm, a low

dissipated current of 162.9 mA and a high power-added

ctlkicncy of 38.5 % were attained with a low 600-kHz

acljaccn[ channel leakage power of -58.0 dBc in 1,9-GHz

T/-l -shift cd QPSK modulation. The GaAs power amplifkr

using the p-pocket MESFETS is quite promising for use in

ncnr-future Iow-voltage and low-power digital mobile

communication applications.
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