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ABSTRACT enhancement-mode FET has been hampered
due to small drain current as well as high on-
resistance (R) [1]. In this paper, a power-
added efficiency (PAE) of 64 % at the PDC
criteria is described for a novel enhancement-
mode HIFET opeted at3.5 V.

This paper describes 950 MHz power
performance of an enhancement-mode
double-doped AlGaAs/InGaAs/AlGaAs
heterojunction FET operated &5 V for
personal digital cellular phones. The
developed 0.5um gate length FET exhibited
an on-resistance of 1@mm and a threshold DESIGN and FABRICATION
voltage of +0.09 V. Under single 3.5 V Figure 1 shows the cross section of the
operation, a 19.2 mm ate width FET developed HJFET.
exhibited an output power of 1.03 W (30.1

dBm) and a power-added efficiency of 64.0 % 03um 05um 03pm
with an adjacent channel leakage power of Souce | Dain
-48.7 dBc at 50 kHz off-center frequency. ., 20 WSB® o)
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INTRODUCTION

Personal digital cellular (PDCphones
require small-sized and high efficiency power

devices that can be operated &6 V. In Undoped G aAs
addition, a single bias operation is desirable. Undopedd nG aAs
This eliminates the neefibr a negative bias Undoped G aAs
voltage supply, thus reducing size and cost of e

the cellular phone. We reported a single bias
operation of a double-doped AlGaAs/InGaAs/
AlGaAs heterojunction FET (HJFET) with a
threshold voltage (¥ of -0.35 V, opeated at

gate-to-surce bias voltage @ of 0.0 V [1]. _ _
Furthermore, a positive vV of an Flgure 1: Cross section of thREIFET
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designs for the double-dopedFET. The first sufficiently high for Li-ion kattery operation
Is a novel multilayer cap consisting of a highly [3]. The optimized ecess structure was
Si-doped GaAs, an undoped GaAs and a determined to beJ.of 1.1pum with Ly of 0.5
highly Si-doped AlGaAs. A doubleecessed pum and lgr of 0.3 um. As a result, the
structure was fabricated by electron cyclotron developed HIFET exhibitedoiRof as low as
resonance plasma detehing with SE and 1.5 QEm.

BCl: [2]. With these structure, 0.DIMm

reduction of R, was achieved due to a 30 A
reduction of a contact resistance between the i o A

. A
cap and the channel layers. The second is a ,5[ § o
narrow  ecessed  structure. In  this i g
investigation, a totalecess width (k) was ~ [ é %
evaluatedfrom 1.0 to 3.4pm with a gate 220r %
length (Lg) of 0.5, 0.7 and 0.Qum, taking 5 Multilayer Cap
account of gte breadown characteristics. D15[ @ | With Without
Figure 2 shows a dependence @ &1 Ly of i Ly=0.5um| ® O
HIFETSs with and without the multilayer cap. | C L=0-7um : <A>
We found that 1.0pum shrinkage of I i a=0-oHm

Lo 0
reduced ke by 0.3QIhm. 01 03 05 07 09 11

Lgdr (pm)

i a Figure 3: Dependence of BVon Lgr of
2.2 a HJFETs with and without multilayer cap
A
EZ'O__ Figure 4 shows transconctance (g) and

E18F drain current () as a function of ¥ The
a | device exhibited a positive\of +0.09 V with
g 1.6 Multilayer Cap a maximum drain current of 400 mA/mm and
x | With Without a maximum g of 500 mS/mm.
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Figure 2: Dependence of oRon Ly of £ ] =
HJFETs with and without multilayer cap D300 1 £
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Figure 3 shows a dependence of a gate-to- 5200} 1 =
drain breakdown voltage (By on gate-to- ¥ ]
drain spacing (k) of HIJFETs with and 100 - 7100
without the multilayer cap. There was scarcely i ]
any difference between the characteristics o= cl b 1 Vg
with and without the multilayer cap. It was 02 0 02040608 1 1214
found that the multilayer cap did not degrade Figure 4 @ an(\j/ghsais\/; function of i
BVgd. An HIFET with Lgqr of 0.3pum achieved )
szd of more thanlg 14 V,u which was PDC POWER PERFORMANCE
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An HIFET with a gte width 0f19.2 mm where bc is the drain DC current under
was examined at a source-to-drain voltage operation. When ¥ = 3.5V, bc = 0.38 A
(Va9 of 3.5 V with a 950 MHzrv4-shifted (this value isd at 1 dB gain compression.) and
quadrature phase shift keying signal. The Ron= 1.5Qhm were substituted into (Ljq
device was operated under a quiescent drain for the developedHJFET was derived to be
current (}) of 300 mA (s = +0.23 V). Figure 49.2 %, whilenq for the reportedHJFET of
5 shows an output powerdR, PAE, gain and 47.1% PAE at the PDC criteria was derived to
an adjacent channel leakage power at 50 kHz be 41.6 %i(e.Vas= 3.0V, bc = 1.6 A, Rn=
off-center frequency @) as a function of an 3.3 Qmm) [1]. The PAE at the PDC criteria

input power (). was reported to be increased by 30 % due to
gain compression operation, as compared with
35 ey 100 PAE g, i.e. Nd [2]. Consequently, the high
S | 180 PAE of 64.0 % is ascribed to a lowof 1.5
£30 1,=300MA (V 4¢=+0.23V) 1S Qmm
S 160 & Furthermore, the M dependence of PDC
?_;;’25 L 140 g power performance was evatedfrom 0.5 to
S ¢t 150 o 45 V. Figure 6 shows R and PAE as a
20F 3% . function of s at PDC criteria. The device
S ¥ =) Q exhibited PAE of more than 60 % ats\of
ALl B higher than 2.2 V.
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Figure 5: 950 MHz PDC Power Performance =N
— 40 %
The HJFET exhibited J&& of 1.03 W (30.1 430
dBm), PAE of 64.0 % and an assateid gain _520
of 14.6 dB with Ry of -48.7 dBc. The ]
obtained PAE is the best value among power 410
devices for PDC phones, to our knowledge 10
[4]. The device also showed a maximum PAE 0 10 20 30 40 50
of 69.2 % with B of 1.35 W (31.3 dBm). Vds (V)

We reported that the measured PAE at
1 dB gain compression (PARs) is
approxinately equal to the calculated
maximum drain efficiencyr(q) from class A
operation analysis [2]. In class A operation

analysisngd can be represented as

Figure 6: Ba and PAE as a function of gy
at the PDC criteria

The |y dependence of power performance
was also evaluatefidom 50 to 500 mA. Figure
7 shows B and PAE as a function of &t the
_1 1R, PDC criteria. The device exhibited relatively
s ) Ve (1) flat characteristics forglof more than 200mA.
Even operated ag bf 200 mA, a high PAE of

0-7803-4471-5/98/$10.00 (c) 1998 IEEE



63.7 % with By of 0.98 W was achieved. also grateful Drs. T.Uj, M.Ogawa and
These results indicate that the developed K.Ueda for their encouragement.
enhancement-mode HJFET is promising for

personal digital cellular power modules
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