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ABSTRACT

A high efficiency enhancement mode
power heterostructure FET has been
developed for single supply portable
applications. The device requires only a
single 3V supply for operation, making it
an ideal candidate for portable
applications. At 850 MHz, a 1.0 um x 12
mm N-type FET exhibited a power output
of +30.7 dBm, power gain of 10.6 dB,
and a power-added efficiency of 60%, at
a drain to source voltage of 3V, and
drain to source quiescent current of 150
mA. This device was fabricated on a
standard Complementary GaAs
(CGaAs™) process flow, which is
capable of simultaneously building low-
voltage, low-power digital circuits
(200MHz), high-speed digital circuits (5
GHz), and RF power circuits (900 MHz).

INTRODUCTION
GaAs FETs are increasingly used in
portable communication transmitters
because of their superior efficiencies at
lower drain voltages (less than 4.0 V).
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Driver amplifiers and output power
amplifiers incorporating GaAs MESFETs
and HFETs have been reported. To
date, depletion mode devices have been
the only type of device with adequate
efficiency performance for increasingly
demanding power amplifier applications.
In order to bias these normally-on
devices to the desired level, a negative
voltage is applied from the gate to
source terminal. Additional circuitry must
be included on-board to generate this
regulated negative voltage, resulting in
increased size, cost and current drain.

The N-type FET in the CGaAs™
(Complementary heterostructure GaAs)
process is an enhancement mode
device with a high gate turn-on voltage,
typically 1.5 V, providing large voltage
swing and a good drive current. It
requires only a single positive voltage
supply for its operation. This normally-off
characteristic makes it an attractive
candidate for use in portable RF circuit
applications. By eliminating the negative
voltage supply, the component count
and circuit complexity in today's portable
communication products can be greatly
reduced. In addition, the noise
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associated with generating a negative
voltage is eliminated. The importance of
this is illustrated by the recent increase
in papers on single supply devices and
amplifiers [1] [2]. This paper reports on
CGaAs N-type FET's that were fabricated
in Motorola's CS-1 fabrication facility.
The RF characteristics of these single
supply enhancement mode devices are
explored and the results are believed to
be the best reported to date.

DEVICE & PROCESSING

The manufacturable CGaAs process
used to fabricate this device has been
reported earlier [3] [4]. A schematic
cross-section of the epitaxial material
structure and the self-aligned ion-
implanted NFET process is shown in
Figure 1. The structure consists of a 30A
GaAs cap, 250A of undoped
Alg 75Gag.25As, 150A undoped
Ing oGag gAs, and 2000A undoped
GaAs buffer/LEC GaAs. The 30A
undoped GaAs cap protects the high
mole fraction AlGaAs from surface
oxidation. The silicon delta doping is
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Fig. 1. Cross sectional view of the
enhancement mode HFET structure.

interface and controls the threshold
voltage. The gate metal is 4000A of RF
reactively sputtered TIWN. The implants
are self-aligned to the refractory gates.
The devices are isolated by oxygen
implantation and have refractory ohmic
contacts. Devices are passivated with
SiO2 and SigN4. The interconnect metal
process is the same as that of Motorola's
GaAs E/D MESFET process.

Although developed for digital
applications, examination of the N-type
device-DC characteristics suggested
that an investigation of the RF
characteristics was warranted. 1 um Xx
12 mm N-type devices were statistically
characterized across a wafer for DC
performance. Gm, IDmax, BVgdo, and
subthreshold current were measured.
The mean gm was 180 mS/mm at Vgg =
3V. The mean threshold voltage (Vth)
was +0.5V with a mean turn-on voltage
(Vio) of +1.6V, yielding a total potential
RF gate swing of 1.1V before gate-
source diode turn-on. The mean sub-
threshold leakage current for V4g = 3V

and Vgs = OV was less than 1 pA. The
mean gate to drain breakdown voltage
was 6V as measured at Ilg = 12mA.

RESULTS

Smaller devices, 1.0 um x 3mm, were
on-wafer probed and characterized for
small signal performance using an
HP8510 network analyzer. At 850 MHz,
the FET exhibited a M.A.G. of 23 dB. 1.0
um x 12mm devices were soldered into
evaluation packages and characterized
on a Maury semi-automated load pull
system. The FET was biased at Vy4s =
+3V and Vgs = +0.7V with a quiescent
current of Igs = 150 mA. Load and
source impedances were found that
produced a reasonable compromise
between output power and power added



efficiency. Figure 2 shows the resultant
RF power performance of the device. At
a +20dBm input power the output power
was +30.7 dBm, the P.A.E. was 60%,
and the corresponding gain was 10.6

dB.
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Fig. 2 Swept power measurement of an
enhancement mode HFET at 850 MHz
at3V.

12mm devices were then designed into
hybrid amplifiers and their performance
was evaluated over temperature and
voltage extremes. Power output and
power added efficiency were measured
from +25°C to +100°C. The performance
is shown in Figure 3. After one hour of
continuous operation, the power slump
for the amplifier was -1.85 dB, which is
well below specification for many
portable applications. The hybrid
amplifiers were operated into a 20:1
VSWR at 100 °C and at a drain voltage
exceeding 6V before experiencing
device performance degradation.

The device drain to source leakage
current in the "off" state (Vgs=0V) is an
important performance parameter for
portable products operating under strict
current budgets. Low leakage current
performance allows the elimination of
supply switches which will make systems
less expensive and more efficient.
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Figure 4 shows the maximum "off" state
leakage current over temperature
extremes is less than or equal to 2 pA.
This value is below the self-discharge
rate of a NiCd battery that is typically
used to power portable products.
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Fig 3. Measured Power Output, PAE
and Gain of enhancement mode HFET
at 3.0 V from +25° C to +100° C.
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Fig 4. Measured drain to source
leakage current at Vgs=0V and
Vds=3.0 V from +25° C to +100° C.



The devices also exhibited excellent
stability over temperature and voltage
extremes. The only non-harmonic
spurious response noted was into a 20:1
VSWR at 100 MHz from the carrier at
one phase angle.

CONCLUSIONS

A high efficiency enhancement mode
power heterostructure FET has been
designed, fabricated and tested for
application as a single supply power
amplifier for wireless communication
systems. At 850 MHz, a power added
efficiency of 60 % and an output power
of +30.7 dBm at 10.6 dB gain was
achieved at Vgg=3.0.
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