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1._Introduction _

In the fields of communication systems and consumer electronics
(e.g.CATY receivers, SHF broadcasting reseivers and BS/CS tuners),
analog and degital ICs from UHF to sicrowave frequency range are widely

used. These analog and Jesital IC3 are required for compaotness, economy

and high relisbility.

To respond to above described requirment, NEC has developed many kinds

of Si-monolithic nicrowave ICs.

In this report, the device structure and the results of the reliability

qualification tests on Si MKICs azre described.

Qualification tests have been performed for the MXIC and the MMIC elements

such ag transistor, resistor and capacitor.

2._ Device gtructyre

Fig.1 ~Fig.3 show the oross sectional view of transistor cell

and resistor. The UNS (Metal Nitride Sexiconductor) sturcture is adoped in

capacitors.

The resistors are formed by polisilicon.

The features of transistor cell are described bejow:
)] ‘An optimel epitaxial layer grown by VPE (Vapour Phased Epitaxy).
(2) Oxide isolstion to reduce parasitic capacitance.
(8) A shallor and higher Impurity doped base by ion implantation.
A shallov emitter by diffusion from As-doped polysilicon.

(4)  An emitter of 0.5um width processed by photo lithograph.

(8) A nitride passivation filn.
(8) A Ti-Pt-Au electrode structure.

”
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3. 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,
czpacjtor and resistor.

A series of qualification tests on basic elements consist of
following {tews:

(a) High temperature storage tests at Ta=259C, 285°C and 337°C

on transistor and resistor.

(b) High temperature DC bias test at T§=200 °C on capacitor.

(2) Qualification Tests on IC

anlification 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) Radlafion hardness.

(c) Solderability strength.

(d) High temperature storage tests at Ta=200 C.

(e) High temperature DC bies tests at Tj=200 C.

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

The delts parameters and criteria are shown in Table 2-1 and Table 2-2.
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4._Test results and Discussions

Bagic element

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

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

At the high temperature stress level (Ta=837°C), the sasmples have
started to fafl fron 100 hours. The fajlure mode is hye degradatijon.

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

The Arrhenius plots on the tests are shown in Fig.4, using
AEa=1.8eV that has been confiraed at Au electords microwave Si
transigtor.

From this plot, the estimated MTF for transistor at T§=100C is
3.0 X10'* hours.

(2) Resistor Element
Poly silicon Resistor
High temperature storage tests st Ta=2597C,285°C and 337°C were
perforned using 10 samples for 3000 hours.
The tesi 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

Registor at Tas100°C is 3.0X10'! hours.

(3) Capacltor
Blased test on 10 MNS capacitors has been performed with the bias
condition of 6Y at Ta=200 ‘C 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.
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Si MMIC

Qualification test have perfomed for wide-band applifier IC wPC27108
as the typical type of the family which are classified by process
and structure of wafer fabrication.
The equivalent circuit of u#PC27108 is shown in Fig. 5.
@ High Temperature storage test
High temperature storage test at Ta=200 'C  was perforaed for uPC27108
using 20 samples.
This test was performed for 3000 hours. The test results are
showq Table 7. No failure has been observed for 3000 hours.
@ High Temperature DC bias test
High temperature DC bias test at 1js200 'C was performed for uPC27108
using 100 samples.
This test wag performed for 3000 hours. The test results are
shown Table 8. No failure has been observed for 3000 hours.
Alec and AGe changes are shown in Fig. 8.
Any significant variation of the two parameters has not been
observed during 3000 hours at Tj=200°C.
If one device was failed at the test period of 3000 hours at
1J=200°C, the MTF of Alcc or AGe line were dram in
Fig. 7, using AEa=1.8eV, which is confirmed by the results of
Au electrsda microwave Si trasistor. MTF at Tj=100°C s estimated
to be over 1X10% hours.
® Theraal and Mechanical Environmental Test and Solderability
Strength.
As shown Table 3, no failure was obserbed with respect to
thermal envionmsntal test, mechanical environmental test and

solderability strength.
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@ Radiation Hardness
Gamma-ray irradiation test was carried out for wide-band auplif@er
» IC  uPC2710B. .
Dose rate is 1X10% and 1X10°® rad/hour.
The test results are shown Table 3. No failure was observed with
reépeot to this test. Consequently, ft was confirmed that the
S1 MMICs are sufficiently tough from the view point of radiation

hardness.

5._ Conclusion
Accelerated life test have been performed on wide-band amplifier, their Tr,
resistor and capacttor. KIF at Tj=100 'C is estimated to be over 1X10° hours.
Radiation Hardness tests have been carried out on the wide-band amplitiar.
No degradation was obsarved up to 1X10° rad gamma ray irradiation,
Alt has confirmed that the Si MMICs are sufficiently reliable for practical

epplications,

{
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Tahle 2~1 Delta Parawsters and Criteris of Basic Elements

a) Trensistor Element

Paramstar Symbol Test Condition Delta Criteria
Collector
Cut~off lena Vcg=5V +100nA or +100%
Current Y¥hichever is greater
Emitter
Cut-off leno Yea=1V +1006A or +100%
Current Whichever is greater
pe forward ’ Vc:-:=2. SV
Current Gain hrx Iz =lnA * 6%

b) Resistor Element

Parameter Syabol Test Condition Dalta Criteria
Resistance R V=0, GV +5 %

¢} Capacitor Element

Parameter Sysbol Test Condition DPelta Criteria
freq.=1Miz
Capacitance ~ c non +10%

Bles
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Table 2-2 Delts Parameters and {riteriz of Si MHIC

d} uPC2710B

Parameter Symbel Test Condition Delts Criteris
Supply - Voo=hY
Current log No Signal +15%
input
V¢¢=5V
Power Gain Gp freq.=0.5CHz 148
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Table'4 High Temparature Storage Test of Transistor Element

Nuwmber of Failures
Test Quantity
Condition ] 50 1001 300! 500 1000 | 1500 | 2000 | 2500 | $000 | Hours
Ta=259 C 10 0 0 0 0 0 0 0 0 0 g —
’ X x x x x
Ta=295 T 10 0 0 0 0 0 3 6 8 9 10 —
* ¥
Ta=337 C 10 0 0 4 10 | — — e —_ —_ — —_—

% hee degradation
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High Temparature Storsge Test of Resistor Element

Poly Silicon Resistor

<

Test

Quantity

Number of Failures

Condition 10 { 50 | 100} 300] 500 1000 | 1500 | 2000 | 2500 | 3000 | Hours
Ta=259 C 10 ) 0 0 0 0 0 0 0 0 0 —_
Ta=285 °C 10 0 ] 0 0 0 1 3 5 5 7 —
Ta=337 C 10 0 -2 5 7110 |— |— |— |— [|-— —
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Table 8 High Teaparsture DC Bias Test of Capacitor

Nupber of Failures

Test Quantity
Condition ' 0 200 500 1060 3000 5000 | Hours

Tj=200 C 10 8 0 0 0 0 0 —
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Table 7

(WED) 09, 21" 94 11:18/8T, 1112/ NO, 3301512-173

"High Temparature Storage Test of Si KMIC

Saxpple Quantity

Nusber of Failures

0 168

500

1000

1600

3000

Hours

£PC2T10B 20

Test Condition

Ta=200°C

p

L

]
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High Tesparsturs DC Bias Test of 51 MMIC
Number of Failures
Sample Quantity
0 168 500 1000 1500 3000 | Hours
LPC27108 100 @ 0 0 ] 0 0 —

Test Conditleon

Ti=200°C

18



19

P12/ N0, 3301512-173 P,

(WED)0G, 21" 94 11:19/8T,

FROM NEC CORP, N, A, E DD,

eols

MEIITA TYNOILOIS SSOHI YOLSISNVIL V I 'D14

Joudoig
lsuupy)  -d

9)e135405

!

LU | aahen palng V A

q. u ke ..ai <
(3 oy N | \
Vi Vil

\ .“q - ..- \ WWMMM\. \ ”““
% & Y
\ 42)11w3 ssed
IS Alog padog sy -
ny-tg-11

N |
401.29][0D



FROM NEC CORP, N,AE DD, (WED) 09, 21" 94 11:19/8T, 11:12/ NO, 3301512-173 P, 20

Si02

| As Doped Poly S
': ,/Si
‘ 77 M _
: N
Channe| o
Stobper

h'l'

e a

n
P

. . L
¥

; <} = E:i

. J L

H - 4{;;

s = |2 S

L ool 3

- { L -1
48]

A CAPACITOR CROSS SECTIONAL VIEW

2

/

FI1G. 2




(WED) 09, 21" 94 11:19/8T, 11:12/ NO, 3301512-173 P, 2

FROM NEC CORP, N A E, D, D,

S mIIA TYNOLTLOHES SS0¥I YOLSISdY ¥ & 014

) Eﬁ:w

. 777, -\-\ mnuwn‘;q :wf‘w.. il
/ \\ \\, \ . _ \ \\_... |
201N ~T / \ \ \ \\ x\ - ....... \ﬁ. |

LP!\.

! m - B //// AR I.WVM“ ||Hn.m._
<05 AAI =

'S Aog pried é\. o et



FROM NEC CORP, N.A,E,D.D,

FIG. 4

(WED) 69, 21" 94 11:19/5T, 111}

2/ N0, 3301512-173

ARRHENIUS PLOT OF BASIC ELEMENT

P, 22

r A
CHR S TV LN | 37 T T ok xn i 11 CETEL EITW AT
- - s : ? LN - 1 i r
[ FRR ) M ETAET A T T : P T T L
T TR AT i . [N AT v i . 3L u.l..l.hain L N HTH A !
T ‘ — ——r 3 = —
- - I - L4 v " T ki3 L i J
it 4.4) - ! T — - +
o * rn s — - - i -
i =
T T T EM TN .
= L T k3 - H -
+ T ™ PRI O I IS YW T e
: PERLL KN | A - " + - T . T SAEILE N T
AR LI TINSAL ST TT R AT g 150 b b IR Litl - b INEEEN T [ I:‘;li
||‘-]«!r’ 1 ETTLTHI IEI ST N [ vy

T
r

W

TN

b [ T
RLITEIR Y r— AR
T bt s M
T 3
r ’ -
L *  — 4 T :
Tr T t r N T H PR BT "
= T rf £ METT N N R WY PR ! —t 10 T |
[T FE B ...,-n-[--.u“ [ TN T T T fr ekl I NS N s i1k AT T e o] b7 ,n:-- T : T
I HAD 00 PR TR R [0S e Ten £ 8 TENE i [ 21 T KT | PEEe
y—

r
n Ll i
rr b4 vy e —— "
— T T s s T3 ma (a1 : i L2 s o P e ;
T Y LN ST I I K sy gy AT PR T 1 4
[EMTTTIRE ST T 1| PP LERY L YEXEA ST LR kL e e
.
—_—
T L — W
n LI} i
i ; ! ............1..._..... —
v L L3 P bid . 3 L 1 i'
Bo s v ey - LR KX LY M il it
i T 11 D PO ALK LEAIY KO P ENT O I
" PRI TOYTS 1% PS5 Y210 YO O PP e e I i e L ~ ..n[u ;
Too—rTTT 12 — ey T I T
T T e o e rer e 4y L DL S OO L

Tmemaded 17 AT Foy.

e T T T pof s hmaemieews o 4 0

Cemmameoey

i .- Liaiepr—-

=

Lo gt hmae

f
[ whovabasfamsntoas ooy

-

[y

PP—————Y -.-'---..-..-l--l\-_.......t....

My E——— — ...‘3;5 (......2;5‘“‘“‘2

PreTonn




FROM NEC CORP, N A EL.L, (RED)CQ, 21" 94 11:20/8T, 11:12/ NO, 3301512-173 B, 23

O Vee
L. AY— : -0 QUT
=
¢
LN
IN I ﬁ
Crm——s
< T
ANy
O GND

1
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