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Abstract

Accelerated life tests and radiation
hardness tests have been conducted on GaAs M&UCs
and tie constituent elements. 0.35 tm 1.3 Xlo!
hours MIT’ (Median Time to Failure) at 130”C Tch
were estimated for a wide band arrplifier up to
S-band . No failure has been observed on RF
operation tests for 3000 hours at Tch of 180”c
and 205°C values for 12 samples, res~ctively.
No degradation in the electrical perforrmace was
cbserved up to 1 x 107 rad ganma-ray irradiation
with 5% criteria for the the S-band two-stage
amplifiers, two-rmdulus prescalers and their
FEI’s . It has been confimd that the FWICS
prcduced, using NFC’s 0.8 pm long T-shaped WSi
gate FET manufacturing process, are sufficiently
reliable for practical applications.

Intraiuction

GaAs MMIC ccmnsrci.al prcducts were put into
micrcwave communications and measurement system
markets a few years ago after a ten year R & D
psricd. The R & D has been becoming m-me active
in semiconductor device suppliers because of the
forseen advantages such as ccmpact size, light
weight, high productivity and reliability. GaAs
IvMICS reliability studies have been reported in a
few re~rt~~)even though it is a key @nt to be
widely introduced in many kinds of systems. In
this pqxx, newly developed GSAS F’E’T is described
frcm the reliability points of view. Reliability
investigation procedure for GSAS l@lICs is
propsed and test results for the S-band
resistive feedback amplifier (pPG 100) are
presented.

In order to elucidate what latent failure
ties are and to investigate reliability levels
for the developd M41C, the PMIC is categorized
into a several elmsnts frcm the failure
analysis points of view. The accelerated life
tests have been conducted on process mnitor
sanples, MMIC el~nts such as FETs, resistors,
c+=citors and the MMIC.

Device

It i-s essential to design the fundamental
device structure frcm the reliability view pint,
in order to realize practical GAS MMICS. The
fundammt.d FEZ used in GSAS MC has a T-shaped
WSi off -set gate structure overlayed with
TiN-Pt-Au film to reduce the gate resistance.
Figure 1 shcws an EEc cross-sectional view. WSi
is adopted as Schottky material because of its
high refractoriness. TiN is used as a barrier
film against Au-diffusion in the gate metal
system. The A@e-Ni metal ~stera & adopted as

the ohmic contacts, while n contact layers are
also provided beneath the ohmic electrdes to
suppress contact resistance degradation. Off-set
gate FETS have high gate-to-drain breakdown
voltage and lcw drain-to-source conductance. q
ion irq?lanation is used to form active layers, n
contact layers and resistors. The MINI structure
is adopted in capacitors. In order to retain
hiah wafer vield and recmYlucibilitv, all wafer
f~rication - prccess
stepper lithography.
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Fig.1 An F’ET cross-sectional view.
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Process Monitor Sar@e. Ta=259”c

Basic evaluation items on process mmitor samples
are WSi Schottky junction reliability and ohmic
contact reliability. In order tc investigate WSi

Schottky junction reliability itself, vertical
structural diale test samples were fabricated and
high tanprature storage tests were carried out.
The dicde test sample cross-sectional visw is
shcwn in Fig. 2. Junction parameters, i.e.,~B

(barrier height) and n value (ideality factor)
were very stable for 3000 hours even at Ta=337°C
for 10 szmples during the tests as shcwn in
Fig.3. For the ohmic

.
contact

investigation,
accelerated by high ~=a?~

contact resistance

degradation,
storage was evaluated. P c was masured by using
TIM (Transmission Line Mcdel@ mthd. The

results are shmm in Fig. 4. Estimted MIT for

contact resistance MI’F at 130°C Tch is over 7 x
108 hours and AEa = 1.4 eVwith a criterion of
Apc=5xloDcm2. This criterion corresgmnds

to 10 % degradation in R (Source resistance) for
the FET. As a result, it has been confirmed

that WSi Schottky junction and ohmic contact have
a su~rb ptential for assuring GsAs WC
reliability.
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Fig.2 A dimie test sample cross-sectional view.
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Fig. 3 Schottky junction parameter changes on
high temperature unbiased tests.
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Fig.4 Ohmic contact resistance changes on high
tqrature unbiased tests.

P4MIC elemmts

FET High temperature IX bias tests have been
~ducted on FETs at 2400C, 275°C and 3000c Tch
value .

The biased test condition is VDS = 8 V, 1 =
D

kl&a&Lz) “c:;?:. ‘o=:’;: :tEge.pg;
337°c. Ten sarples were tested in each stress
level. The Arrhenius plots on the tests are
sham in Fig. 5. Dcminant failure males for lmth
biased and unbiased tests were the sm.
were

%
(specific drain current ; VDs = O.$h;~

‘GS =
‘v) , ~SS and gm degradation. These are

caused by ser~es resistance increase. The Rs
(source resistance) increase was virtually

observed on degraded samples for both biased emd
unbiased tests. ,V ,+Band
n, which dependm~n c~~~~c~tv@ re~ability,
are little under both b~ased and unbiased tests.
Huwever the MTF for unbiased tests is longer than
that for biased tests by more than one order.
The ll121?s for unbiased and biased tests are 8 x
108 hews ~d 3.5 x 107hours, res~ctively at

130°c Tch . The possible series resistance
increase cause for unbiased tests isj’c
(contact resistance) degradation, because the m
and AEa correqxmd to those of the~c
reliability test results approxtitely. On the
other hand, for biased test condition, the series
resistance increase is considered to be due to
FEI’ channel-narrmfig effect originating from

the surface depletion layer change at the
interface between the passivation film and the
active layer. This is recognized from the
~rimental result that the degraded samples got
back almst the same characteristics when baked
even at low temperature, such as 175°C for 24
hours . The estimated MTF for FEW at Tch = 130”C
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is over 3.5 x 107hours for the bias condition of
.8v,ID=$~~~

>=teriao
with 10% degradation
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Fig.5 Arrhenius plots of 400~ FhTs on biased
and unbiased tests.

Resistor High terp2rature IX biased and
unbiased tests have been carried out on resistors
at Tch = 275°C and 300”C. The ~ s (sheet
resistance) for tested resistors, which were
formsd by Si ion implantation is 150fi/U . The
estimated resis+mr’s MTF is over 1.3 x I@hours
for 7.5 v (E= 1.5 KV/c2n ) bias test condition
with a criterion of 5 % resistance increase. The
MIT for unbiased tests is longer than that for
biased tests, which is probably due to alnmst the
same reason as that for FET.

Capacitor Biased test on ten MIM capacitors,
which are adopted a plama~ SiN film as an
insulator, has been performed with the bias
condition of 8 V at Ta = 175°C for 2000 hours.
No failure was observd.
Consequently, each element is considerd to be

sufficiently reliable for constructing MMICS.

MMIc

AcceleraW life tests have been conducted
for the S-band two-stage amplifiers. The tested
IC (NFG1OO) is a resistive feedback aI@ifler,
which has lm noise figures (2.1 dB at 1.5 QIz)
and flat gain up to 3 GHZ. The gain variation
frcm -25 to +75°C is suppressed within 0.6 cIB by
feedback and load resistirs. The lC ls
herrwtically sealed in newly developed ceranuc
packages suitable for surface nmumting. The M’41C
chip’s top view and the equivalent circuit are
shcwn in Fig. 6. The MC’S typical
characteristics and qualification test conditions
are shcwn in Tables 1 and 11, reSFCkiVelY- High
_rature umbiased tests were performd for
3000 hours. The observsd MTF for the MKIC is

IN

Fig.6 A wide band amplifier up to S-band chips
tip view and equivalent circuit.

1200 hours at 295°C with a criterion of 1.0 dB
gain degradation. MTF at 130°C Tch is estimated
to be 1.3 X 10 hours, using ~ = 1.4 eV, which
is confirmd by the elements test results. The
Arrhenius plots are shcwn in Fig. 7. RF
operation life tests at Tch = 180°C and 205°C
have also been conducted on 12 samples for each
Tch value. Though severely excess ~ ~Put
operation was involved in the tests, no fallue
has been observed for 3000 hours. NF and Ga
changes during tie tests are very small, as shcwn
in Fig. 8. Thermal and mechanical environmental
tests, based on MIL-STD-883 were carried out and
no failure was observed.
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Table 1
Typ,cal Characterlstjcsof GaAs MMIC

Zs=Z=50n Ta=25c v.. =5v, VGG=–5V

Dr., ” Current ID, Non ,nwt s,E.8! 40 mA

Gate Current 1,, Non mwt s,gn. a –0 7rnA

1 1

O“t,”t Pow,,
P(8,

ldB CO.,,.,,,..
f=o 05-3GHz +6 dBm

Table 2
L[fe Test Cond]tlons

Test Test Ccmdmon sample s,,.

I Ta=227C I ,“.
H#3h Temw,at. re

storage
Ta=259 c 10

Ta=295c >0

H,ah T,.,.,,,.,,
VDO=5V

I Test , “m.=-,.,

,,..,0,.. 8

T..,,,., ”,,

Thermal CYCIIng Test
–65 C-175 C 200.,.!,s )0

,..,,. ”,”..,., ::::k. ,1 0 c-loo c 200.,.,,, 10
Test Thermal

Shock U –196C-130C 30.,.,.. 10

Mechanical

Mech,.,.., Shock
1500G, XYZax,s 5t, me, 0 5.,

Envlr.n.en,a, .V:::.v=, ,00-,000.. ,0. ,“. .,,, ,,,,”,, 4.,.
v, br. t,.” 10

,., i constant
Acce, era,, on 20000G XYZ ..,s ,.,.
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1o’-
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E’ig.7 Arrhenius plots of a wide band amplifier
up to S-band on high t-rature unbiased tests.
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Fig. 8 High tenprature RF operation test

results for a wide band a@ifier up to S-band.

Radiation Hardness

Garmwray irradiation tests were carried out
for S-band two-stage amplifier , two-rmdulus
prescalers and tieir FETs. Dose rate is about 1
x 106 rad/hour. Figure 9 shcws ~’S IX

paramter changes under the tests. As clearly

shcwn in tie figure, the IX paramters changes
for ~s are less than 5 % up to 107 rad and
there was a peak in gm and ~ at around 107

rad. The degradation for over ?57 rad range is

considered to be due to GaAs bulk damage caused
by gamm ray irradiation. Figure 10 sham ~D

and 1S211 changes in the S-band two stage
qlifiers under the tests. Both DC and Fw

characteristics are mre stable up to 107rad than
FFX paramters themselves becauce of the IC’S
feedback effect. The same tests were carried out
on the lcw per dissipated 128/129 two mdulus
GaAs prescaler IC for use in a hand-held mobile
telephone or a cellul= system, implemented by a
shallow depletion t~ SCFL gate. Figure 11
sham the chip top view. Figure 12 shw.m hcw the
IC currents varied with increasing radiation
dose, where the devices were biased to give (A)

sufficient current drivability and (B) functional
minimum current. As clearly shcwn in tie figure,
only 5 % increase and 15 % decrease were observed
in case (A) and (B), res~ctively at around 107
rad. This is because there was a pak in gm for
FEI’s at this irradiation region. Consequently,
it was confirrwd that the MMICS are sufficiently
tough from the view point of radiation hardness.
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wide band an@ifier up to S-band.

Fig.11 A tsm mdulus prescaler chip top view.
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Fig.12 Gamna-ray irradiation test results for a
two mdulus prescaler IC.
A; Change in

&
,where the devices were biased

to give su Icient drivability.
B; (lange in ~ , where tie devices were biased

?“to give func lonal minimum current.

Conclusion

Accelerated life tests have been &@rfonw2d
on S-band two-stage amplifiers, their PETs and

process monitor samples. 0.35 to 1.3 x 108houm
MIT at 130°C Tch was estimated. Radiation

hardness tests have ken carried. out on the FITs,
S-band two-stage amplifiers and two nrdulus
prescalers. No degradation was observed up to
107 rad ga.mna ray irradiation with 5% criteria
for the MMICS and FEM. It has been confirmed

that the MMICS, prcducd using NEC’s 0.8pm long
T-shaped WSi gate ~ manufacturing prccess are
sufficiently reliable for practical applications.
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