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Abstract

An enhancement-mode pow&HEMT
process hasbeen developedfor low-voltage
wirelesssubscriber power amplifier applications.
Employing a highly selective reactive ietching
process todefine thevertical position of the
Schottky gate, thidevice onlyrequires a positive
voltage. A 12-mm gate periphedgvicedemon-
strated 33dBm output power (167mW/mm),
14.7dB power gain (16.7dB linear gain), and
65.4% PAE at 3V and 1.8GHz.

I. Introduction

The critical demands of lowcost, light
weight, low supply voltage, andong battery
lifetime for the emergind®CS/PCNmarketshave
placed stringent requiremerity the selection of
power devices. Pseudomorphic high electron
mobility transistors (PHEMTS) have been
thought to be &ey devicefor portable applica-
tions due to their higlgain, high power density,
and superioefficiency at lowdrain bias [2-5]. In
this paper, walescribe the fabrication and char-
acterization of anenhancement-mode power
PHEMT (E-PHEMT) for 3VPCS applications.
This device technology is differentiated from the
depletion-mode deviceand otherdevice tech-
nologies by the following unique features. Firstly,
it only requires a positive voltage ahds avery
low drain current with zero volts on the gate,
which simplifies thebias circuitry, andliminates
the noise associated with generatingnegjative
voltage. Secondly, the inherent higghnsconduc-
tance atlow quiescentcurrentdue to accurate
gate placement close to the chanhatled to
more ideaklass-B operation aneikhibited better
transconductance linearity agell as excellent
power added efficiency. Thirdlijyow knee volt-
age, low on-resistance (high mobility)high

breakdown voltage andhigh current carrying
capability (double-doped channel) due to optimal
profile design makehis device extremely suited
for high gain, high power densityand high effi-
ciency power amplification at a low supply bias.

Il. Device Technology and Fabrication

Figure 1 shows the epitaxiatructure of
the developed PHEMT grown by molecular beam
epitaxy (MBE). The activgart of the epitaxial
structure consists of anndoped InGaAs (25%
In) channel layer sandwiched by two n-type Al-
GaAs donor layers. A heavily dopeti@aAs cap
layer wasgrown on thetop of anundoped Al-
GaAs layer to provide good ohmic contacts.

Devicefabricationemploys highly selec-
tive reactive ion etchin¢RIE) to define the verti-
cal position ofthe Schottky gate. After proton
implant isolation, the powdPHEMTs are fabri-
cated by a standaf@ET process. This consists
of Au/Ge/Ni ohmic contacts, Ti/Pt/Au gate,
plasma SiN passivation, and TiW/Anotercon-
nect metal. The Schottky gate is placed on the
top of undoped AlGaAs layesrfter selectively
removing the top hGaAs cap layer by RIE.

AU/Ge/Ni Au/PUTI AU/Ge/Ni

n* GaAs cap
i- AIGaAs

i- AlGaAs
i- AlGaAs
N- AlGaAs
i- AIGaAs

GaAs Buffer
S. |. GaAs

Figure 1. Cross section of the E-PHEMT.
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lll. Device Performance

PCM Device Performance

The current-voltage (I-V) characteristics
of a 6Qum (Lg=0.5um) double-dopedE-PHEMT
is shown in Figure 2. Theevice showsgood
pinch-off characteristiceven at highdrain bias.
Typical DC resultsvere summarized ifable 1.
The high values oflmax andgm as well as the
low kneevoltage and on-resistaneee attributed
to the double-doped channel and the optimal
designed structure.
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Figure 2 The I-V characteristics of a @& PCM
device. TheVgs starts at OV (bottom curve) and
stops at +0.8V (top curve) with a step of +0.1V.

Table 1 Typical DC Characteristics.

and Ids=20mA. With a fixed input power, the
system sets the input tunempedance to provide
maximum small-signagain, and then tunes the
load impedancdor maximum gain, maximum
power, and maximum efficiency. The power
saturation characteristics for a 300 device
under the maximumoutput power tuning is
shown in Figure 3. Thdevice exhibited an out-
put power of 16.4dBm at the 3dB gain compres-
sion point with 3 voltbias at 2GHz. Iraddition,
the device demonstratedsaturated outpuiower

of 18dBm, PAE 0of60%, and power gain of
13dB, which corresponds to a power density of
210mwW/mm.
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Fig. 3 Thepower saturation characteristics of the
300um PCM device at 3V and 2GHz.

The small-signal parameters of the
300um devices were measured on-wafer using an
HP8510Cautomated network analyzer. Based on
the S-parameter resultsthe unity current-gain
frequency fr) for Vds=3V and Ids=20mA are
calculated to be 36GHz. Tmeaximum available
gain/maximum stable gaiMAG/MSQ at 2GHz
is 22dB under the same bias condition.

The large-signal performance of the
PCM deviceswas alsamonitored on-wafer using
an ATN automatic load-pull system. The large-
signal characteristicasere measured atds=3V

The powerdevice used irthis work is a
0.5um gate length and2mm (36-finger) gate
periphery enhancement-modePHEMT. The
photograph of thelevice is shown irFigure 4.
The power performance of a 12mmPHEMT
was measuredith a drainbias of 3V and a qui-
escent draircurrent of 100mA atl.8GHz. To
improve yieldand reducesost, the waferhas no
via grounding. Thedevice was eutectically
mounted onto a metaarrier, andtwo ceramic
probe adaptersyhich provide the coplaar-to-
microstrip transition,were then placed at the
input and output ofhe device. Bond wiregere
used to connect the gate and drain metallization
to the adapter microstrip. Severddond wires
werealsobonded from thesource padslown to

Parameter | Measured Condition Value

Idss Vds=3V, Vgs=0V <10mA/mm

Imax Vds=3V, Vgs=0.8V >300mA/mm 12mm Device Performance
Max. gm Vds=3V >400mS/mm

BVgdo 1g<0.5mA/mm >10vV

Vk 1ds=200mA/mm, Vgs=0.8V |0.3V

Ron Vds/Ids with Vgs=0.8V 1.50hm-mm
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the ground metallization to ensure low ground
inductance.

Fi.gure 4 The photograph of a 12mm power de;/ice.

feizini

The power characteristics were measured
using a vector-corrected active load-pull system
[1]. The use ofactive load-pull system ensures
that sufficiently low impedance is presented to
the devicefor optimal performance. laddition,
it also provides the capability to study the effects
of harmonic tuning on power performance. Fig-
ure 5 shows the poweaturation characteristics
for the 12mm device under maximum power
tuning.

Power Saturation Characteristics of the 12 mm Device
1.8 GHz, 12mm_ E-pHEMT, 3V, 100mA, Tuned for Max Pout D.Wu
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Figure 5 Thepower saturation characteristics for
the 12mm device at 3V and 1.8GHz.

The resultavere obtained with both fun-
damental and second harmonic tuning. The im-
provement inPAE by terminating thesecond
harmonics isabout 4-6%. At 1.8GHzhe 12mm
device achieved 33dBnoutput power (corre-
sponding to a power density of 167mwW/mm),
14.7dB power gain (2dB gain compression), and

65.4% PAE at 3Vwhich is believed to be the
highest combined power performance ever re-
ported at such a low bias at 1.8GHz.

State-of-the-Art Performance Comparison

To benchmark the performance, results
obtained abovere compared with several com-
peting technologies used in similapplications.
The power performance (in terms of the power
density) of theE-PHEMT iscompared with sev-
eral state-of-the-artdepletion-mode PHEMT
devices operating in the 3V range (FigGjelt is
noted that several resultswere reported at
900MHz range. Also, most of tliepletion-mode
devices requiredual-supply as opposed to the
single-supply inour case. In addition, Table 2
compares our 12 mi&-PHEMT deviceperform-
ance with high-performanc®ESFETS, high-
performance SBJT, GaAs/AlGaAs HBTs, Si
LDMOS, and SiGe HBTSs.

C i for E-PHEMT and D-PHEMT
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Figure 6 Powerperformance comparison of state-of-
the-art PHEMT in the 3V range.

Table 2Powerperformance comparison for several
competing technologies used in portable wireless

applications.
Freq(GHz) |Pout(dBm) |PAE(%) |Vs(V) |Device Technology
1.8 33 65.4 3| This Work
1.9 30 44 4.7 |SiGe HBT [6]
1.8 24 60 3.5 | Double-poly SiBJT [7]
0.9 31.3 68 2.3 |Hi-Lo MESFET [8]
0.93 328 71 3.5| MESFET, 2fo Tuning [9]
1.9 22.6 69 3| GaAs/AlGaAs HBT [10]
1.88 33 70 5| GaAs/AlGaAs HBT [11]
1.9 24.7 54 3.3|BPLDD SAGFET [12]
1.5 30.4 48 3.5 | Delta-doped MESFET [13]
0.85 31.8 65 5.8|SiLDMOS [14]
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IV. Conclusion

An enhancement-mode pow&HEMT
process hasbeen developedfor low-voltage
wireless applications. A2-mm device achieved
2W output power, 14.7dBpower gain, and
65.4% PAE at 3V and 1.8GHazyhich is the
highest power performance among competing
device technologiesThe ability of operating at
single powersupply and demonstratirgxcellent
power performance at a lobias voltage makes
this E-PHEMT very suitablefor power genera-
tion in portable wireless applications.
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