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ABSTRACT

We are reportingthe performance of a new AIGaAs/GaAs
heterostructure FET (HFET), designed to have very high
efficiency at X-band with high drain bias (9 volts and above).
The combination of low doped (high 10”$cm-3)AlGaAs under
the gate and highly doped (mid 10’7 cm”3)GaAs charmel and
superlatticebuffer layer allow high gate-drainad source-drain
breakdown voltage (more than 20 volts), constant
transconductance and moderate to higlh maximum channel
current (350 to 450 mA/mm). These characteristicsmake the
devices ideal for Chrss B and Class F operation. The
1200 x 0.25-pm HFET devices have demonstrated a record
power-added efficiency (PAE) of 75.8 percent with 603 mW
of outputpower and 8.8 dB of gain with a 9-volt drain bias at
10 GHz. Other 1200 x 0.25-pm HFET devices have
demonstrated63.2-percent PAE with 8.3 dB of gain and 851
mW of output power with a 12-volt drain bias. At 14 volts,
we have tnessured 50-percent PAE with 7.4-dB gain and 1.1
watts of outputpower.

INTRODUCTION

Two requirementscritical to phased arrayradarsarehigh-
efficiency modules and high-operating voltages in order to
minimize thepower dissipated in both themicrowave amplifier
and in the power distribution network.

AIGaAsfInGaAs pseudomorphic HEMTs have
demonstrated excellent performances both at X-band[’] and
Ku-bsnd[2] but the drain operating voltage for maximum
performance is low due to gate-ckainbreakdown voltages of 12
to 16 volts[l] and 7.2 volts[z}.

We have developed an HFET device with high source-
drain breakdown voltages (defiied as 1 rnA/mm of drrtin-to-
source leakage currentwith the device pinched off) of up to 24
to 26 volts and constant trsnsconductance which makes the
device suitable for Class B and Class F operation.

DEVICE STRUCTURE AND CHARACTERISTICS

The material structurefor the high performance HFET is
shown in Figure 1. It includes a thin GAs layer doped low
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Figure 1. AIGaAs/GaAs Heterastructure FET

to mid 10’7 cm-3 sandwiched between a superlattice buffer
layer on the bottom and a low doped (mid to high 10’6 cm”’)
AlGaAs layer, A nt GaAs cap layer completes the structure.
The device structure includes a 1.5-pm “wide recess” etched
into the GaAs n+ 1ayer and into the AlGaAs low doped layer
and a conventionid gate recess. Gate length is 0.25 pm.
Typical I-V characteristics for the HFETare shown in Figure
2. Low output conductance and constant transconductance
with gate voltage are observed. This is further illustrated in
Figure 3, which sh~ws transconductance (Q and drain current
(1,) as a function of gate voltage with the drain at 3 volts. .
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F1gure Z. AIGaAs/GaAs HFET I-V Characteristics
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TABLE L 1200 x0.25 pm HFETSMALLS1GNAL
MODEL ELEMENTS VALUES

Figure3. Transconductance and Drain Current asa
Function of Gate Voltage

These characteristics of low output conductance and constant
g~ are ideal for high efficiency operation. The small signal
equivalent model for atypical 1200 x0.25pm HFETis shown
in Figure 4, with the element values derived from best fit to
measured S-parameters shown in Table 1.
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Figure4. Small Sigual Equivalent Model

RF RESULTS

A special fixture, shown in Figure 5, is used to
characterize the devices for power, gain, and efficiency at
10 GHz, The devices are mounted on thin brass carriers
which are sandwiched between input and output test blocks.
The test blocks consist of prematched input and output circuits
using 10-mil-thick alumina with 3.5-mm connectors for
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input/output connections. Tuning chips are placed along the
matching circuits as needed to obtain optimum rf performance.
Test blocks with prematched circuits have been designed for
both 600- and1200-pm FETs. Themeasured insertionloss for
the400-mil-long ahnnina network andcormectoris 0.2dB at
10 GHz.

Figure5. 10-GHz Test Fixture Showing Hard-Tuned Device

A number of devices have been “hard-tuned” for
maximum efficiency at 10 GHzwith goldribbon straps welded
in place of the chips. This allows the device to be tested us an

,,
=Phflermultwle times on different test setsformeasurement
verification. Hard tuning also facilitates measurement of the
optimum load required for maximum efficiency or power,
depending on how the device was tuned. The load is
measured by removing the output block (including the
bondwire) and connecting it to a 50-S2 calibrated test block.

Figure 6showsthe power andefficiency for two “hard-
tuned’ 1200-pm HFETs over frequency with the input and
output ch-cuit losses de-embedded. Thedevices were tuned for
maximum efficiency at 10 GHz and demonstrated 72- to

636



I -“%=---17031 -----------------:;: -----

t

.....*

/

/“’
3’ .-.. --.,:... -7,------- ~.-..,,zi-..z --------------- . . .

-..+.

y-o g

. .

r26..............=....................%........................●.,. t20&

L-_+25 ---------------------------------------::'*:----------------: 10

9.50 9.75 10,00 10.25 10.$’0
Frequency (GHz)

Figure6. Power and PAEof R-5013 #5(—) and
#2 (.-.) with Input Power of [9 dllm

75-percent peak power-added efficiencies at the 0.6-watt power
level. Both of these devices were operatedin anear class-B
bias condition with Vd = 9 V. Figure 7 shows the output
power, PAE, and Id as a function of inpu ~power for a 600-pm
HFET from another wafer at 10.25 GHz. This device showed
very good class B operating conditions with a quiescent bias
current of just 70 pA at Vd = 9 V. As a result of the class B
bias, the gain of the device under RF drive increased from 1.5
dB at low drive levels to a 9.5 dB nx~ximum, Maximum
efficiency occurred at about 1-dB gain compression. Table 2
summarizes the performance for these devices at 10 GHz.
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Figure 7. Output Power, PAE, and ILof R-5440-2 #1
at 10.25 GHz

TABLE 2. 10-GHz HFET PERFORMANCE

E

—

Power Gain PAE (%)
Device Id (mW) (dB)——

R-5013#5-1200 pm 603 8.8 75.8

R-5013#2- 1200 pm 420 7.3 71.7—

R-544f)-2#1-600 pm 258 9.1 74.4—

The output networks were removed and the optimum lc,ad
impedance were measured for a number of 1200-pm HFER.
Figure 8 shows the IV curves for a typical 0.25 x 1200 pm
HFET with two resistive load lines superimposed. The lc)ad
line for maximum output power is displayed along with the
measured load line resulting in maximum efficiency. It is
evident that tuning for maximum efficiency occurs at Ithe
expense of maximum power. During the characterization
procedure approxirnately 1.5 dB of output power was tracled
for 5 percentage points of improved efficiency. This was
accomplished by reducing voltage swing losses in the linear
region of the IV curves. LIBRA large signal analysis using
the measured load impedance indicates that the effective V~~~
is around 0.4 volt for the maximum efficiency load line versus
1.5 volts for maxirmrm power load line.
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Figure 8. Maximum Power and PAE Load Lks for
1200 pm HFET

We are confident of our power and efficiency
measurements due to verification of the measurements on
several different calibrated test sets. The maximum PAE,
summarized in Table 2 is 75.8 percent (corresponding to a
drain efficiency of 86.9 percent). For comparison, Snidert3]
derives the maximum drain efficiency for an overdriven class
B power amplifier to be 88.6 percent. His derivation assumes
a O volt saturation voltage and a sinusoidal input signal
Additionally, Hrtfll’l indicates that harmonic tuning of the
source improves the efficiency in Class C mnplit%rs.
Meamrernents of our “hard-tuned” input circuits indicate the
use of hrmnonic tuning for improved efficiency.
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CONCLUSION

A new HFET using an AIGaAs/GaAs structure has
demonstrated a record 75.8-percent power added efficiency at
10 GHz with 603 mW of output power and 8.8 dB of gain.
The high breakdown voltage of the device combined with
constant g~ result in optimum performance at Vd = 9 V and a
Class B bias.
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