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Introduction

In the fields of communication systems and consumer electronics
(e.g.CATV receivers, SHF broadcasting reseivers and BS/CS tuners),
analog and degital ICs from UHF to microwavéfrequency range are widely
used. These analog and degital ICs are required for compactness, economy
and high reliability. .

To respond to above described requirment, NEC has developed many
Kinds of Si-monolithic microwave ICs.

In this report, the device structure and the results of the reliability
qualification tests on Si MMICs are described.

Qualification tests have been performed for the MMIC and the MMIC
elements such as transistor, resistor and capacitor.

Device structure

Fig.1~Fig.3 show the cross sectional view transistor cell, capacitor
and resistor. The MNS(Metal Nitride Semiconductor) sturcture is adoped
in capacitors. -

The resistors are formed by polysilicon.
The features of transistor cell are described below:
(1) An optimal epitaxial layer grown by VPE(Vapour Phased Epitaxy).
(2) Oxide isolation to reduce parasitic capacitance.
(3) A shallow and higher impurity doped base by ion implantation.
A shallow emitter by diffusion from As-doped polysilicon.
(4) Anemitterof 0.5 4 m width processed by photo lithograph.
(5) A nitride passivation film.
(6) A Ti-Pt-Au electrode structure.



Qualification Tests

(1) Qualification Tests on Basic Element.

Design rules for ICs are qualified by performing qualification
test on each basic elements consisting of IC such as transistor,
capacitor and resistor.

A series of qualification tests on basic elements consist of
following items:

(a) High temperature storage tests at Ta=259C,295 and 337C

on transistor and resistor.

(b) High temperature DC bias test at Tj=200C on capacitor.

(2) Qualification Tests on IC
Qualification tests of ICs are performed on typical types of each
family classified by integration level, function, structure and

- production technique applied.
A series of qualification tests on IC consist of following items:
(a) Environmental tests (Thermal and Mechanical).
(b) Radiation hardness.
() Solderability strength.
(d) High temperature storage tests at Ta=200C.
(¢) High temperature DC bias tests at Tj=200C.

Test conditions and sample size of the qualification tests are
shown Table 1.

The delta parameters and criteria are shown in Table 2-1 and
Table 2-2.



4. Test results and Discussions

Basic element

(1) Transistor .
The summary of qualification test results are presented at
Table 3.
High temperature storage test

High temperature storage test at Ta=259C,295°C and 337C
were performed using 10 samples. The test results are shown
Table 4.

At the high temperature stress level(Ta=337C), the samples
have started to fail from 100 hours. The failure mode is hrE
degradation.

This is caused by diffusion of Au into Si due to degradation of Pt
as barrier .

The Arrhenius plots on the tests are shown in Fig. 4, using
/AEa=1.8¢eV that has been confirmed at Au electrode microwave
Si transistor.

From this plot, the estimated MTF for transistor at Tj=100C
is 3.0 X 1011 hours.

(2) Resistor Element
Poly silicon Resistor

High temperature storage tests at Ta=259C, 295C and 337C
were performed using 10 samples for 3000 hours.

The test results are shown Table 5. The Arrhenius plots on the
test are shown in Fig. 4. This Arrhenius plot gives the activation
energy of 1.8eV. From this plot, the estimated MTF for polysilcon
Resistor at Ta=100C is 3.0 X 101! hours.

(3) Capacitor
Biased test on 10 MNS capacitors has been performed with
condition of 6V at Ta=200C for 5000 hours.
The test results are shown at Table 6.
No failure was observed.
Consequently, each basic element is considered to be sufficiently
reliable for constructing MMICs.



Si1 MMIC

Qualification test have performed for prescaler IC
1 PB1509B as the typical of the family which are classified by process
and structure of wafer fabrication.

@C High Temperature storage test
High temperature storage test at Ta=200'C was performed for
1 PB1509B using 20 samples.
This test was performed for 5000 hours. The test results are
shown Table 7. No failure has been observed for 5000 hours.

@ High Temperature DC bias test
High temperature DC bias test at Tj=200'C was performed for
¢ PB1509B using 100 samples.
This test was performed for 5000 hours. The test results are
shown Table 8. No failure has been observed for 5000 hours.
Alcc and APout changes are shown in Fig. 5.
Any significant variation of the two parameters has not been
observed during 5000 hours at Tj=200C.
If one device was failed at the test period of 5000 hours at
Tj=2007C, the MTF of Alccor APout line were drawn in
Fig. 6, using AEa=1.8eV, which is confirmed by the results of
Au electrode microwave Si transistor. MTF at Tj=100TC is
estimated to be over 1X10° hours.

@ Thermal and Mechanical Environmental Test and Solderability
Strength.
As shown Table 3, no failure was obserbed with respect to
thermal envionmental test, mechanical environmental test and
solderability strength.



@ Radiation Hardness

Gamma-ray irradiation test was carried out for prescaler IC
1 PB1509B.

Dose rate is 1X 103 and 1X10¢ rad/hour.
The test results are shown Table 3. No failure was observed
with respect to this test. Consequently, it was confirmed that
the Si MMICs are sufficiently tough from the view point of
radiation hardness.

Conclusion

Accelerated life test have been performed on prescaler, their
Tr, resistor and capacitor. MTF at Tj=100TC is estimated to be over
1X10° hours.

Radiation Hardness tests have been carried out on prescaler.
No degradation was observed up to 1 X106 rad gamma ray irradiation.

It has confirmed that the Si MMICs are sufficiently reliable for practical
applications.
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a)

b)

Table 2-1 Delta Parameters and Criteria of Basic Elements
Transistor Element
Parameter Symbol [ Test Condition Delta Criteria
Collector '
Cut-off IcBo VcB=10V +100nA or +100%
Current Whichever is greater
Emitter
Cut-off IEBO VEB=1.5V | +100nA or +100%
Current Whichever is greater
DC forward hrE VCE=2.5V
Current Gain Ic=1mA +15%
Resistor Element
Parameter Symbol | Test Condition Delta Criteria
Resistance R V=0.5V +5%
Capacitor Element

Parameter Symbol | Test Condition Delta Criteria
freq.=1MHz
Capacitance C nonbias +10%




Table 2-2

d) « PB1509B

Delta Parameters and Criteria of Si MMIC

fin=200MHz

Parameter Symbol Test Condition Delta Criteria
‘ Vce=3V
Supply Current Icc No Signal +15%
input
Vce=Vs1=Vs2=2.2V
Power Output Pout Pin=-10dBm *+1dBm




0T/0T 01/01
- SINOH Q0T | SINOH 00§ = Q.Le8=EL (P
0T/L 0T/L
= SInOH 000€ | SINOH 000% — 0,965=81
L PUe g ¥ oqe, 0T1/0 0T1/0
- SO 000€ | SIMOH 0003 - 0,69%=81 (4
2T 0%/0 159, 83e1031g
- — — sInoH 0009 0,00%=e] (8| oanjeradwa], Y31g
18usinig
— - — — 0T1/0 998 ¢ ‘0,573 (B Ayqiqesepog
N — - — g/0 09 1eqo) £q Pl 901
pPeI 01 sseupaeH uorjeIpey
159, [e°S o1pewmaay (p
UOTJRIS[IIIY JueIsuo)) (0
— — — — 0%/0 Aouanbax g
a[qerrep ‘woneiqrA (q ([eorueydd)
3o0yg (8| 1S9, [BIUSWUOIIAUY
189, [e°S onremIsy] (p
- - - - 02/0 Fo0yg [ewayy, (0
SurpAp ainjeradwaf, (q (rewxay,L,)
189 Sutrapog (B | 389, [BIUSWUOIIAUY
1038189y
a[qe[, 10 mhﬂwM q hoﬁo.mﬂ.mo uoII[IS %HOAH Jojsisued], d60S1dd 7
90uaIdJeYy sjuawe[y OJiseqg o) uonIpuo) 189, wel] 1S9,

(erdwreg/eanyre,]) sIMsdY

sNsey 189, uoryedyIeny) jo Aremwuing

€ °lqeL




01/0 001/0

8 PEEIPIBL | samop 0009 _ = SO 0008 5,002=1 (@
L pue 981q 1897, seld DA
o e e - D,GLI=LL (e aanjeradwa ], YSTH
1038189y
a[qe], 0 aIndt aojede) | uoorig A[od | zojstsuery, | ge0S1dd 77
oJURIFIY Sjuswe[y oIseq . I uonIpuoyn 3s’9|, way]  IS9,

(erdmreg/eanyie,]) sIMsaYy

(g 9[qe], WO panuniuo))) sINsoY Is9], UojedyIfend jo Arewruing




Table 4 High Temperature Storage Test of Transistor Element
Test Quantity Number of Failures
Condition 0 72 | 144 | 240 | 400 | 650 | 1000 | 2000 | Hours
Ta=259C 10 0 0 0 0 0 0 0 -
* *
Ta=295C 10 0 0 0 0 0 0 3 -
* * * *
Ta=337C 10 0 3 7 9 9 10 - —
khFE  degradation
Table 5 High Temperature Storage Test of Resistor Element
Poly Silicon Resistor
Test Quantity Number of Failures
Condition o | 50 | 100 | 300 | 500 | 1000 | 1500 | 2000 | 2500 | 3000 | Hours
Ta=259C 10 0oj0|]0]O0]|O 0 0 0 0 0 -
Ta=295C 10 OoJ]0]O0}O0]|O 1 3 5 5 7 -
Ta=337TC 10 o|l0| 2|56 ]|7] 10 — — - — =




Table 6 High Temperature DC Bias Test of Capacitor
Test Quantity Number of Failures
Condition 0 200 500 1000 | 3000 | 5000 | Hours
Tj=200C 10 0 0 0 0 0 0 =
Table 7 High Temperature Storage Test of Si MMIC
Test Quantity Number of Failures
Condition ' 0 168 | 500 | 1000 | 1500 | 3000 | Hours
¢ PB1509B 20 0 0 0 0 0 0 -
Test Condition  Ta=200TC
Table 8 High Temperature DC Bias Test of Si MMIC
Test Quantity Number of Failures
Condition 0 168 500 1000 | 1500 | 5000 | Hours
1 PB1509B 100 0 0 0 0 0 0 -

Test Condition

Tj=200C
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ARRHE US PL T OF BAS C ELEMENT

EE__E%‘—:‘?_ = i = _=-___E“::———_;‘—~__——H_f

| ——
: - Hers
T s [T1 D501 FEE P BEEET KT HTE LT
il [ [0 TEE ITEES FTTE] O e 1 SEppERL
i i
%
-
T T x = T — > r
.- T ol i T (KR! Fris L ¥ Tlial [REA] il Em i 17 i = » L
TiE Tl TEE TONETI P E TR B RE pE PWEE ETI0 CTLE: NIV T AT ECE [ EET¥Y CIE 1N T
phk [EETI FEEE ST T EL LT BT N [ o P T [EWT AN O D0 SRS ST TITE D ERETY CRETY BEETY LR [ O -}
- ¥ - t ' T
I " T T : .
L2 i 01 Tl I et
= T T T -
: . FET WS BTN SELH § s T T
,..|.|.- P Pl IS FETES B 152 5 adl ipealt
o 27 T (H T T 1Ta1]= [E I ba
|r-'r- FEIT] B Esnl X TR EEE AT (1] vhlry
e =i e
: —— —
T t  FEET T
T o O T 0
[T [T n " 1 ¥
[ (BT AT lldlqlll (T EA 0 L LEERE N i FTOET EFTES oy i 1
+ v il T + ¥ %
. s Ll F s " 1 n +
e T
TS reves £ SUPES EEERE BOAH mestAT Tin e : =
TI"""_'l.'\'l 57i EALT EFLE] 1T I [ T :
A TR TN ==} FTT] 0 FELE T LR CETRT VN I AT H | B ¥ T
i L R B N LN L P £ JATT A eEEEE PR EFY LT 1NN EEA ] i HTH B BT [ 3 RIN
‘ﬁ‘ - —_—
4= -
t I t
T n A T :
4 L | L L
HHH = a2 EEEd EEETHE] =T 3413 PTEEL SEVLT LAT] i £ T st LI T E
SLO EOTT CFELET ErETi TYN T [VEXTSUNTY FUNNU AL PYE3 1 F9d 11 FITNT LYTYN 18591 FTPEl e Pk : T PERR PPN RET
[ § LT LULED LN SN EREN ) B IR A IR A AN :|-‘|.n|.a|q|||||.lil||-“-‘--r'._;.-4ﬁ“ (il TP - Rl A =11 BR57 RS T 3
T —" - — T T = T I e b o T g e o e
1 T . + ! T == =t ; T 5 eyl
rr‘ T 1 a : I.
= T St Lovet o G e
T o P Shp e StiforekesrsTar-
- F s falyw i E ¥ gb ik LH [l . | B | B R L
1P T TR AT H T ] : LT mad
T S reapo— T Ak i T
e Teripremsiaoeereits
Eefiahi B rE e TTerieeesmmnmr it
e e ] P
s - L T i o s S fEm b |
] P T e e B s
’ : h
rebifpaifans whan b
T Tret
i frres
e taissmnanp e
vprmeafeeegtiast
seeapee
...:IE.-.;

§ e——————— —

R AL .......—-.-.-—.--.,-—.-_--.-.---_J-b—.—q__d_.;._.. .I.....- peessbesnspdinmbomeapores
P ey Demcacet e RS oS S e 6 7, 7 L B - ,,15,.‘;. o B e b B O

[y —p——
v

e
1_..----. ——

|

b m——— e

e g e —

= e ey =y b

e

e e - e —

WER

aps e r———

L.—-—-+-P—




10.00%
8.00%
6.00%
4.00%
2.00%
0.00%

-2.00%

~4.008

-6.00%

-8.00%

-10.00%

AICC(9%)

——MAX
—a— AVE
—a— NIN

Apo(dB)

Fig.5 1 PB1509B PARAMETER CHANGES ON HIGH TEMPERATURE
DC BIAS TEST




ARRHNIUS PLOT OF PRESCALER ON HIGH

Fig.6

TEMPERATURE DC BIAS TEST
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