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ABSTRACT

Significant advances in high fre–
quency, low noise amplifier (LNA) perfor-
mance have been achieved. Noise figures

under 2.0 dB have been demonstrated with
several single stage amplifiers incor-
porating devices from different wafers.
These amplifiers utilized an

‘10. 481n0.52As-Ga0 .471n0 .53AS lattice
matched InP HEMT device with a gate peri-
phery of 50pm x .2um. Typical fk of

these devices are in excess of 120 GHz,
with an extrinsic gm of more than

900 mS/mm. The best results obtained by
a single stage LNA was .8 dB, with an
associated gain of 8.7 dB at 63.5 GHz [11.
A 3-stage V–band amplifier produced a
minimum noise figure of 2.6 dB, with
19.5 dB of gain at 61.0 GHz.

INTRODUCTION

Millimeter wave systems for satellite
communications and electronic warfare are
advancing rapidly. As a result, tougher
performance requirements are placed on
components, such as power amplifiers, T/R
modules, and receiver front ends. Conse–
quentlyr these needs are driving the
state of the art device technology at a
tremendous rate. Competition is fierce
among major companies to produce the
highest power density, highest efficiency,
or lowest noise figure device suitable
for harsh environment of space applica–
tions.

Recent breakthroughs in low noise
device technology have led to phenomenal
advances in high frequency, low noise
amplifier performance. Figure 1 illus-
trates the progress we have attained in
recent years with V-band low noise ampli-
fiers. These advances are a direct result
of an evolving device technology and
amplifier/circuit design techniques. The
best results obtained by a single stage
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amplifier was a noise figure of .8 dB
with an associated gain of 8.7 dB at
63.56 GHz. This outstanding performance
was achieved with an

‘10.481n0.52As-Ga0 .471n0 .53AS latt”lce
matched InP HEMT device. Others have
reported the significant performance
potential of InP based HEMT devices [2].

b’%
COMMERCIAL

GaAs FET

6
❑ ACTUAL

COMMERCIAL

GAs FET

HRL

4
MESFET

1 \ HRL
GE lnGaAs

lnGaAs A
2 PROJECTED 3-STAGE

HRL ,n@k \ pERFoRM/\NcE

f(SINGLE STAGE) ‘HRL ‘n@A’s)

“ROOM TEMPERATURE

FIGURE1. ADVANCEMENTS IN V-BANDMULTISITAGE LNA
PERFORMANCE

This paper describes the device
structure and test results of InP based
HEMT devices operating at V-band. Several
single stage amplifiers incorporating
devices from several different wafers
produced noise figures under 2.0 dB, indi–
caking good device processing controls.
To dater little reliability data has been
published on the new InP based HEMT device
technology. This testing is planned for
1989 and will include high temperature
DC stress testing and an accelerated life
test on an amplifier to characterize RF
performance degradation in an effort to
provide a meaningful lifetime assessment.

DEVICE DESCRIPTION

In recent years, innovations in
device materials and nanometer lithography
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have resulted in substantial high fre-
quency performance improvements. Smal 1
geometry GaAs MESFETS, AlGaAs - GaAs HEMT,
and AIGaAs pseudomorphic HEMT devices have
demonstrated remarkable high frequency
performance as a result of this evolving
technology [3] [4] [5]. However, the
device technology that has shown the most
promise is the AIInAs-GaInAs on InP modu-
lation doped structure shown in Figure 2.
This structure is grown on Fe doped InP

substrate byMBE. A large conduction band
gap is formed between the lattice matched

‘10.481n0.52AsGa0 .471n0. 53 ‘s layers
resulting in a large sheet charge density

(N~=3x10 cm). This, together with a high

300K electron mobility in Gao 471n0 ~3As
.

(u=1O,OOO cm. V S), produces an extremely
low resistance per square (200Q/0) in
the two dimensional electron gas. These
characteristics give rise to an extrinsic
transconductance in excess of 900 mS/mm
for a gate geometry of 50 pm x 0.2 pm.
Other devices fabricated with gate lengths
of .1 pm have demonstrated a maximum
extrinsic transconductance of 1100 mS/mm
[6].
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resistive loading was incorporated into
the bias network.

TEST FIXTURE/AMPLIFIER DESCRIPTION

A single stage test fixture used
for device evaluation is shown in Figure
3. The waveguide to MIC transition is
accomplished with .010 inch thick alumina
probes. The geometry of the probes was
optimized to prevent moding in the wave–
guide at the higher frequencies. Special
attention was given to the probe to car-
rier interface and grounding to minimize
loss and mismatch. As shown in Figure 4,
the thru loss for the entire fixture and
.20 inch of 50 Q line is approximately
.5 dB. This fixture has proven to be
repeatable and durable through many
device characterizations.

SEMI-INSULATING SUBSTRATE

FIGURE3. V-BAND SINGLE STAGETESTFIXTURE
FIGURE2. TYPICAL MODULATION-DOPED
A10.48 lno.52 J%-Gso.47 InO.53As W Inp

STRUCTURE GROWN BYMBE

AMPLIFIER DESIGN

CADdevice modeling was used as a
starting point for amplifier circuit de-
sign. Using on–wafer S–parameters taken
with a cascade RF probe station from .045
to 26.5 GHz, a lumped equivalent model
was derived. Using this model, high fre-
quency performance was extrapolated through
V-banCi. An in–house analysis program gene-
rated the required source and load impe-
dances for a minimum noise figure. From
this data, matching circuitry was synthe–
sized and optimized using standard CAD
techniques. Stability analysis performed
on the amplifier circuit indicated the
usual low frequency oscillation problems
associated with extremely high gain
devices. To overcome this, out of band

The HEMT device is embedded on a
Kovar carrier between .010 inch thick alu-
mina matching circuits. Alumina was
chosen over quartz because of its durable
mechanical properties. In addition, be-
cause of the small physical size of the
matching circuits, quartz did not offer
significantly lower loss. Only the most
critical matching elements were printed
on the substrates to allow greater tuning
flexibility. Generally, the addition of
one or two tuning ribbons achieved opti–
mal performance.

Chip and wire construction is used
throughout the amplifier. Every effort
was made to reduce parasitic and extra
bond inductance to achieve maximum gain
and bandwidth.

Eutectic solders are utilized for
substrate, FET, and component attachment,
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resulting in a rugged assembly that can

withstand the requirements of a space
environment.
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TEST RESULTS

Test results of a single stage ampli-
fier are presented in Figure 5 without
loss correction. As shown in Figure 6,
similar results have been attained from
other wafers. Measurements were taken
with a noise source calibrated at our
calibration labs and verified to within
i.25 dB by a recognized independent con-
tractor using two different measurement
techniques (hot/cold load and radiometer).
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FIGURE5. V-BAND SINGLE STAGE AMPLIFIER

:Wkd
60 60.5 61 61.5 162 62,5 63 635

‘0 ~WAFER 3

$--=--l
oLu—u—Ld
60 605 61 61.5 62 62,5 63 63,5

FREQUENCY , GHz

FIGURE6. SINGLESTAGE AMPLIFIERRES(JLTS FROM
DIFFERENTWAFERS

To investigate the effects of an
ambient environment, a single stage LNA
with a noise figure of 2.0 dB and 7.5 dB
gain has been in continuous operation for
8 months with no change in RF or DC char–
acteristics. Additionally, a VCO and
several DC test circuits have shown simi–
lar results.

A 3-stage LNA incorporating unselected
devices produced a minimum noise figure
of 2.6 dB, with a gain of 19.5 dB across
3.5 GHz (see Figure 7). On this ,I)articu-
lar amplifier, gain flatness was empha-
sized, which resulted in a slightly higher
noise figure.
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FIGURE7. V-BAND 3-STAGE LNAPERFORIMANCE

CONCLUSIONS

The performance potential of the
AIInAs–GaInAs HEMT device has been demon–
strated. Evaluation of several sing~e

stage amplifiers incorporating devices
from different wafers have produced noise
figures under 2.0 dB at V-band. The best
single stage LNA produced a record noise
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figure of .8 dB, with an associated gain
of 8.7 dB at 63.5 GHz. Devices exposed
to ambient lab environments for over 8
months have shown no changes in RF or DC
performance.

Because these devices exhibit ex–
tremely high ft(~135 GHz), their useful-
ness in low noise applications will extend
through w-band (94 GHz).
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