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ABSTRACT

The first report on a comprehensive
study of the reliability of super 1 Ow
noise HEMTs with a typical noise figure of
1.2 dB at 12GHz.is presented. No failure
was observed in both DC running and high

temperature storage tests during 2000
hours. These successful results were

achieved by a newly developed low
temperature ohmic sintering technology and
a novel Ni/Al gate.

INTRODUCTION

High electron mobility transistors
( HEMTs ) have demonstrated their
capabilities as high speed and low noise

devices. Recently, in the field of

microwave low noise amplification, HEMTs

have become increasingly popular as

possible replacements for the conventional
GaAs MESFETS [1]-[3]. However, some

problems related to the reliability of
HEMTs have been remained, which have to be
solved before using HEMTs in commercial
communication systems. In fact, there are
no reports about high reliability HEMTs
available. We present the first report on
a comprehensive study of the reliability
of HEMTs.

There are mainly two problems related

to the HEMTs’ reliability. One problem is
the lateral migration of ohmic contact
constituents into the channel region and
non uniform surface morphology by the
conventional high temperature ohmic

sintering for HEMTs[4]. The other is a
non-pinch-off failure reported about the
submicron pure Al gate widely used for
HEMTS[5].

We have developed a low temperature

sintering process and a novel gate
Ni

with
under the Al in order to solve the

problems related to the reliability of
HEMTs . A DC operational life test under
four bias conditions of Vds=2.5, 3.0, 4.0,
5.0 v, Ids=30mA respectively and a high

temperature storage test at 200”C in a
nitrogen atmosphere were carried out.

DEVICE FABRICATION

HEMT structures were grown by a
specially designed automatic MBE system.
This system can grow very pure and
extremely uniform epitaxial layers on up
to seven 2-in. wafers at a time. As shown
in Fig.1 , the epitaxial structure consists
of an undoped GaAs buffer layer, a Si-
doped AIO.3Ga0.7As layer, and a Si-doped
GaAs cap layer in order to obtain a lC,W
source- drain contact resistance. A
typical doping concentration in AIGaAs
layer is 2xI018 cm-3 . The devices have
a source-to-drain spacing of 3pm and a
total gate width of 200Dm. 0.4~m gates are
formed by using Deep UV photolithography
followed by a lift off technique, and then
are sintered at 280 ‘c. The gate regic)n
is recessed to the optimum depth by wet
chemical etching, which can achieve both a
high gate breakdown voltage and a
low

super
noise performance. Devices are

passivated by a layer of PECVD silicc)n
nitride. The HEMT chips are assembled into
hermetically sealed packages in order to
evaluate DC and RF characteristics.
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Fig.1 Schematic cross-sectional view of

HEMT .
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EXPERIMENTAL RESULTS

Packaged HEMTs reproducibly exhibited
a typical noise figure (NF) of 1.2 dB
with an associated gain of 10.5 dB at
12GHZ. Fig.2 show NF histgrams of the
HEMTs under the bias condition of
Vds=2.OV, Ids=7.5mA. Lot No.A and No.B
samples in Fig.2 were fabricated by same
epitaxial grown batch and different
process batches. The average NF (~) and
the standard deviation (d) for the two
samples are much the same. These results
indicate that our newly developed process
technology for HEMTs is highly
reproducible and HEMT structures grown by
the specialy designed high throuhput MBE
system are extremely uniform. Furthermore,
as shown in Fig.3 and Fig.4, these HEMTs
showed good pinch off characteristics even
in the bias condition of Vds=5.OV ,which
are due to hiqh qate breakdown voltage
over IOV.
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Fig,3 Drain I–V characteristics.
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Fig.4 Gate-drain reverse I -V
characteristics
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Fig.5 Variation of contact resistance with
sintering temperature for HEMT.
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Fig.5 shows that extremely low contact
resistances for source and drain
electrodes were achieved by a low
temperature sintering (360-380 “C).
low

The
temperature Sintering also allowed

uniform surface morphology. These results
were obtained by the optimization of the
ohmic metal composition (AuGe/Ni/Au)
the

and
sintering profile (sintering

temperature and sintering time).
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Fig.6 Aging characteristics of pinch off
voltage (Vp) during DC operational
life test (Vds=5.0Vr Ids=30mA).

A DC operational life test under the
bias condition of Vds.5V,Ids=30mA was
carried out . In the case of the Ni/Al
gate HEMTs no failure modes were
observed du;ing the 2000 hours DC
operational life test. As an example,
Fig.6 shows stable aging characteristics
of pinch-off voltage in the Ni/Al gate
HEMTs . On the other hand, in the pure Al
gate HEMTs, the non-pinch-off failure was
observed (Fig.6). Fig.7 and Fig.8
indicate the Auger depth profiles before
and after gate-sintering respectively.
These results suggest that the formation
of a stable NiAl alloy effectively
suppress the electromigration. As a
result, not only non-pinch-off failure
but also any other failure modes were not
observed in the HEMT using the Ni/Al
alloyed gate.

In the HEMT with the novel gate,
saturated drain current (Idss) increased

by the gate-sintering process at 280 ‘C.
This phenomenon can be explained by the
decrease of the schottky barrier height
due to alloying Ni and Al. However, after
the gate-sintering, DC and RF
characteristics were stable and were not

affected by the 2000 hours high

temperature storage test even at 200 “c.
Fig.9 and Fig.10 demonstrate stable Idss

and NF of the HEMT with the Ni/Al alloyed
gate during the 2000 hours high
temperature storage test at 200°C.
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Fig.8 Auger depth profile after sintering.
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Fig.9 Aging characteristics of saturated
drain current (Idss) during high
temperature storage test.
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Fig.10 Aging characteristics of noise

figure (NF) during high temperature
storage test.

CONCLUSION

For the first time, super low noise
HEMTs with high reliability and excellent
reproducibility were fabricated. These
results were achieved by using the 1 Ow
temperature ohmic sintering technology and
the Ni/Al alloyed gate combined the newly
developed high throughput MBE system.
These HEMTs have been stably operating at
present to 2000 hours in the hard stress
condition.
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