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Abstract

This paper reports on high re 1iabi 1ity high power

GaAs MESFETSwith Si02 passivation film. For these
MESFETS, no degradation has been observed up to 1500

hours even under 8 dB gain compression condit i on.

1. I ntroduct ion

As the requirement for the output power 1evel of the

power GaAsMESFETSbecomes higher, the gate electrode and

its per i phery are stressed by higher drain bias vo Itage

and larger RF input voltage swing.

UP to now, the surface effects on the power GaAs MES

FET rel i abi 1ity have been investigated widely with regard

to the long-term degradation (‘) - (4). The suitable

pass i vat ion f i Im has proved to be indispensable for GaAs

surf ace protect ion. No invest igat ion, however, has been

reported from , the viewpoint of re 1iab i 1ity under RF

overdrive operation for the power GaAsMESFETS. In this

work, in order to make a diagnostic investigation into

effects of pass i vat ion films on power GaAs MESFET

rel iabi 1ity, two kinds of test devices, which have CVD

SiOz passivation film and P(ND SiN passivation film, were

fabricated and their reliability was invest igated,

focus ing on behavior under the RF overdrive condition.

For both passivation films, the deposit ion temperature

was more than 320°C.

Si02 film has shown to be a sufficient pass ivation

as contrast with SiN film. No degradation has been

observed UP to 1500 hours even under 8dB gain compression

condition for the high power GaAsMESFETSwith SiOz

passivation film.

II. Experiments and Results

2-1. Device preparation

The test MESFETdevice structures are shown in Fig.

L The devices have a simple recessed gate structure with

0.8 urn gate length and 5.2 mmgate width. The recess
depth is about 0.4 um. The t4ESFETepi layer structure

cons ists of a 0.6 urn thick S-doped active layer with

doping concentration of 1.3x1O’7 cm-’ and a 2 urn thick
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Fig. 1 Gross-sectional view of the test device with

(a)SiN passivation film and(b) SiO, passivation
film.

non-doped buffer layer, success ive lY grown by vapor phase

epi taxy on a Cr-doped semi-insulating substrate. An Al-T i

gate e1ectrode was formed in the recessed region by

app1Yi ng a 1if t-of f technique. They have SiN or SiOz”

passivat ion film, respectively.

❑o

2-2. RF overdrive test

The RF overdrive operation tests have been performed
for the above two kinds of MESFETSat the channe1

temperature (Tch) of 120 “C. The VDS=8.5 V. I Ds=0.45 A DC

set bias condition and three RF input power stress

leve 1s, i. e., 3dB, 6dB, 9dB gain compression 1evels, have

been chosen, For both FET groups, 3 samples in each

stress 1evel have been tested for 2000 hours, The changes

in parameters, i. e., output power(Pout) and gate reverse

current (I GSX) under 9 dB gain compression condition are
shown in Fig. Z. It is clearly seen that the F!3Twith SiN

pass i vat ion film degraded in the output power (Pout) with
the gate reverse current (I G SX) increase. This has been
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caused by tbe gate breakdown voltage degradation as 2-3. EBI C analysis for the degraded device
indicated in Fig. 3, where the changes in the gate-to

-drain 1eakage current at -5 V V.. are shown for each
compression leve 1. On1y sma11 changes, however, have been

observed for the FETs with SiOZ passivation fi Im, as

shown in Fig.2 and Fig.3.
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Fig. 2 The aging characteristics of output power(Pout)

and gate reverse current (I G SX) for the test
devices under the RF overdrive condition of 9
dB gain compression level.
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A biased EBIC (EIectron Beam Induced Current) analY-

s is has been performed for the degraded SiN pass i vat ion

FETs. The circuit for the biased EBIC analysis is shown

in Fig.4. Figure 5 shows the biased EBIC image (V.~.=-5

v). This figure shows that the avalanche breakdown

occures on the drain side of the gate stripe and not on

the source side, aI though both drain and source

electrodes are set to be the same potential in the bias

circuit of the EBIC analysis, as shown in Fig. 4. The

present resu It indicates that the gate reverse current

increase, observed for the FETs with SiN pass ivation film

under the overdrive operation, was caused by a threshold

vo1tage drop of the avalanche breakdown on the drain side

of the gate stripe. On the other hand, such phenomenon

has not been observed for the FET with SiO, pass i vat ion

film.
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Fig. 4 The EBIC test circuit under DCgate reverse
biased condition.
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Fig. 3 The overdrive stress dependence of the aging

character ist ics in gate-to-drain reverse
current (I G DO) at VGDof -5 V. The test devices
with SiN pass i vat ion film showed remarkable
increase in gate reverse current, depend i ng on

the gain compress ion stress levels.

Fig. 5 The cross-sectional gate reverse biased EBIC
image ( VGSS=-5V ) for the degraded SiN
pass i vat ion MESFET.
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Fig. 6 The changes in gate-to-drain reverse current (at

VGD= -2 V) on the DC gate reverse bias test,

2-4. Gate reverse bias test

As described before, the gate breakdown vo 1tage

degradation has resulted in the output power droop. This

d~gradat ion seems to be caused by the reverse RF voltage

swing stress. As a more diagnostic invest igat ion,

therefore, the gate reverse bias test has been performed

for the both FETs with SiN and SiOz pass ivation f i Im. The

test was performed under a condition of constant current,

i. e., I GSS=1. 8 mA/mm at the ambient temperature (Ta) of

25 “C. Similar results to those for the RF overdrive test

have been obtained, as shown in Fig. 6,

Ill. High Reliable Power GaAs MESFETS

Based on these resu 1ts, we have designed and

fabricated high power GaAs MESFETS with tbe SiOz

passivation film. The cross-sect ional view of the

developed MESFET is shown in Fig. 7. The gate metal

consists of WSi-Ti N-Pt-Au, which has been adopted because

of its advantages over A1 gate in terms of temperature

stab i 1it y and electromigrat ion. Si ion-implantation has

been used to form an active layer and an n+ layer beneath

the ohmic contacts. The device has 1.0 urn gate length and

58.3 mm tota 1 gate width of two chips, 4 GHz RF overdrive

test under UP to 8 dB gain compression condition was

performed for the developed device. The test resu Its are

shown in Fig. 8. No degradation has been observed up to

1500 hours even under very high stress (8 dB gain

compress ion) condition.
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Fig. 7 Cross-sectional view of the developed high

reliable power GaAs MESFET.
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Fig. 8 The RF overdrive test resu 1ts for the deve 1oped

power GaAs MESFETS. No degradation has been

observed up to 1500 hours even under the very

high stress, 8 dB gain compression condition.
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lV, Discussion

The above data imply that the RF overdrive operation

rel iab i 1ity can be eva Iuated by the gate reverse bias

test. From the standpoint of reproduc ib i 1ity, we performed

the gate reverse bias test for the devices from many

wafers (-20 wafers for each pass i vat ion f i Im device).

Characteristic behavior of the changes in gate-to-source

(short circuited to the drain) breakdown voltage (~BVGSS)

before and after the DC reverse bias test for 24 hours is

i I lustrated in Fig. 9, showing the ABVGSS distribution.

The RF overdrive test for the S iN passi vat i on film

devices from POSit ive ABV.S, wafers showed no degrada-

t ion in output power, suggesting again the fess ibi 1ity of

the gate reverse bias test evaluation against the output

power droop. The implication of the ZIBVGSS distribution

is that the S iN pass i vat ion technology has inherent

problems in terms of high reproducibi Iity as well as high

reliability.

It has been reported(’) ‘(4) that the PCVD SiN film

is suitable for the protection of GaAs surface because of

its oxygen free process as contrast with S iOp pass i vat ion

film, pyrolitically deposited at relatively low tempera-

tures of 200-300”C. Regard ing our resu its, however, it

has been revealed that the FETs with S iOz pass i vat ion

f i 1m are very stable as compared with the FETs witb SiN

pass i vat ion f i Im even under overdrive operation. This

contrast might be ascribed to the difference of the f i Im

deposit ion conditions such as surface pre-treatments,

deposit ion temperature, etc. Concern ing the deposition

temperature, in this work, the SiOz films were deposited

at over 320”C. ‘Thus, the microscopic interfac ial

properties between GaAs and pass i vat ion f i 1m must be

quite different from those previous 1y reported. AI though,

the e Iementa 1 arsenic formation process described by the

equation(5) ‘5), As,O, + 2GaAs ~ GaZOs + 4As, has been

cons idered to be tbe origin of the degradation of

power GaAs MESFETS with SiOZ pass i vat ion f i Im,

30: Sio * N=IOO
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present results st i 11 suggest the lack of understanding

of the surface problem even from the pract ica 1 point of

view.

V. Conclusion

It has been confirmed that, from the viewpoint of

high rel iabi 1ity, tbe SiOe pass ivation power GaAs MESFETS

are very stable compared with the SiN pass i vat ion FETs

espec ia 11y in terms of the RF overdrive operation. Based

on the overdrive rel iabi 1ity study, focusing on the role

of pass ivation films, the high power GaAs MESFETS were

designed and fabricated. No degradation has been observed

up to 1500 hours even under the very high stress (8 dB

gain compress ion) cond it ion for the developed power GaAs

MESFETS.
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Fig. 9 The distributions of ABVGSS, which denotes the
changes in BVGSs (at I G SS=1 mA/mm) before and

after tbe DC gate reverse bias test.
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