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An improvement of reliability is one of the most important issues in InP-based HEMTs. We have
observed the degradation d pinch-off charaderistics of INAIASINGaAs HEMTSs after the bias dresstest,
which was resulted from an increase of the lekage aurrent on semi-insulating InP substrate. A stability of
the isolation charaaeristics for InP substrates was grongly affeded by the surfacepasdvation films formed
by plasma-enhanced chemicd vapor depasition (PCVD).

Figure 1 shows a crosssedion d the latticematched 1ngs:Alo48ASINg53Ga047AS HEMT used in this
study. All the layers were grown on a Fe-doped semi-insulating InP substrate with a resistivity of 3x10’
Qcm. The deviceisolation was achieved by mesa eching down to InP substrate using HsPO, based wet-
chemicd etching. After the Au-based ohmic dedrodes were deposited on InGaAs cep layer, 100 i thick SIN
or SIO, passvation film was formed by PCVD at 250 °C. The mixture of SiH4/NH3/N, and SiH4/N>O/N,
were used for the deposition o SIN and SiO,, respedively. Next, the 0.1 um gate opening was fabricated by
eledron keam lithography andreadive ion etching. Then the seledive wet recessetching was performed and the
0.1 um T-shaped gate dedrodes were formed. Typicd device performance of those devices was the
transcondictance (gn,) of 900mS/mm and the aurrent gain cut-off fr equency (fr) of 215GHz.

In arder to investigate the stability of the device performance, high-temperature bias dresstests were
performed at 200°C with adrain voltage (Vds) of 2 V and a gate voltage (Vgs) of 0V. Figure 2 showsthe
lds'? vs. Vgs plots before and after the stresstest for the devices with SiN and SiO, passvation films.  As
shown in the figure, it was found that the pinch-off charaderistics of the device with SIN remarkably
degraded after the stresstest, while the change was negligibly small for the device with SiO,. Figure 3
shows the change of the sub-threshald current (Ith) during the stresstest. The Ith was defined as a drain
current at the threshold voltage (Vth), which measured by extrapaating the 1ds” vs. Vgs plot.  As shown
in Fig. 3,the Ith for the devicewith SiN drasticdly increased duing the stresstest.  Because the difference
of those devices was only the passvation film which cover the InP substrate under the mesaregion, we have
attempted to investigate stahility of the isolation charaderistics of passvated semi-insulating InP substrates.
The test was performed at 200 °C using the two ohmic dedrodes of 80 um wide separated by 2 um gap on
the semi-insulating InP substrate & the goply voltage of 10 V. Figure 4 shows the dhange of the leskage
current of InP substrates with SIN and SiO, pasdvation films during the test.  As dhown in Fig. 4, it was
foundthat the isolation charaderistic of InP with SiN passvation film was drasticdly degraded by the stress
and the le&kage aurrent increased beyond 1 mA within 20 hous, which is 5 times larger than the initial
value. On the other hand, the isolation charaderistic of InP with SiO, was quite stable during the stress
test. This result clealy shows that the degradation o pinch-off charaderistics for the InAlAS/InGaAs
HEMT with SIN passvation film after the stress test was caused by the increase of the lekage airrent
between the contad pads formed ona semi-insulating InP substrate.  In order to investigate the difference
between the interfaces of SIN/InP and SiO./InP, the surface morphdogies over the films were measured.
Figure 5 shows the surfaceroughnessof SiN/InP and SiIO./InP measured by surfaceprofiler. As downin
the figure, it was foundthat the surfaceof SIN/InP was rough compared with that of SiO./InP. During the
depaosition d passvation films by PCVD, InP surfaceunder the mesaregion is exposed to the source gases.
Because NH; plasma using for the depaosition d SiN attads the InP, the degradation  surfacemorphdogy
occurs due to the phaspharus desorption.  The lossof stoichiometry at the SIN/INP interfaceis believed to
result in the instabilit y of the isolation charaderistics of InP.

It was found that the stability of the isolation charaderistics of passvated semi-insulating InP
substrates were strongly affeaed by the passvation films deposited by PCVD. Suppressng the isolation
degradation d InP substratesisimportant to improve the reli ability of INAIASINGaAs/InP HEMTs.
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