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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.



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,
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.



Table 1

Test Item and Test Conditions

i Test Item

Test Condition

Sample

IC

Size

Basic Element

Transistor

Resistor

-

Capacitor |

Environmental Test
(Thermal)

a) Soldering Heat
260C, 10sec
b) Temperature Cycling
-65C~+25C~+175"C, 100Cycles
(MIL-STD-883 Method 1010)
¢) Thermal Shock
0C~+100C, 100Cycles
(MIL-STD-883 Method 1011)
d) Hermetic Seal Test
(MIL-STD-883 Method 1014 Test Condition A2 and C)

20

Environmental Test
(Mechanical)

a) Shock 1,500G, 0.5ms
(MIL-STD-883 Method 2002)
b) Vibration,Variable Frequency
100~2,000Hz, 20G, 3 axis, 4 min
(MIL-STD-883 Method 2007)
c¢) Constant Acceleration  20,000G, 3 axis, 1 min
(MIL-STD-883 Method 2001)
d) Hermetic Seal Test
(MIL-STD-883 Method 1014 Test Condition A2 and C)

20

Radiation Hardness

105 rad by Cobalt 60
106 rad by Cobalt 60
(Non Bias)

' Solderability Strength

245TC, 5 sec
(MIL-STD-883 Method 2003)

10




Test Item and Test Conditions

(Continued from Table 1)

Sample Size
Test Item Test Condition Basic Element
IC | Transistor | Resistor | Capacitor
High Temperature a) Ta=200TC 20 — — _
Storage Test  |b) Ta=259TC - 10 10 —
¢) Ta=295C — 10 10 -
i d) Ta=337C - 10 10 -
' 5,000 hours or up to F(t)>50%
High Temperature a) Tj=175C o - i v
DC Bias Test | b) Tj=200C 100 = = 10




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




Table 3

Summary of Qualification Test Results

Results (Failure/Sample)

Test Item Test Condition IC Basic Elements Reference
1 PB1509B | Transistor | Poly Silicon | Capacitor Figure or Table
Resistor
Environmental Test | a) Soldering Heat
(Thermal) b) Temperature Cycling
¢) Thermal Shock 0/20 - — - -
d) Hermetic Seal Test
"Environmental Test |‘a) Shock
(Mechanical) b) Vibration, Variable
Frequency 0/20 - - - —
c) Constant Acceleration
d) Hermetic Seal Test
Radiation Hardness 105 rad
106 rad by Cobalt 60 0/5 - — — —
Solderability a) 245C, 5 sec 0/10 — — - -
Strength
High Temperature |a) Ta=2007C 5000 Hours - — -
Storage Test 0/20 Fig.4
b) Ta=259C — 2000 Hours | 3000 Hours —
0/10 0/10 Table 4, 5 and 7
c) Ta=295C — 2000 Hours | 3000 Hours —
7/10 7/10
d) Ta=337TC — 300 Hours | 1000 Hours -
10/10 10/10




Summary of Qualification Test Results

(Continued from Table 3)

Results (Failure/Sample)

Test Item 1 Test Condition 1C Basic Elements Reference
¢ PB1509B | Transistor | Poly Silicon | Capacitor Figure or Table
Resistor
High Temperature |a) Tj=175C - - — — .
DC Bias Test Fig6and 7
‘ib) Tj=200C 5000 Hours - = 5000 Hours | m 11 e 48
0/100 0/10




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




A TYNOILOd SS J QLS S VHL Vv 0 d
Joddo
_@c&mﬁ :d - edIsans
\\ il U 1ake paping )
U Jafp) 1d3
\\\\\%x% | u\\\\\\\\
d .
“C S [T 7 \\\ch \J\\.ﬂ..”. / [/ \
N1S” g : L
pd \ JR4 I 131931100

's Ajog padog sy

ny-14-11




d A TYNO LOd SS ¥D ¥M0OLl 0J0VdvVd V 0 4d

13dd03S
auuey

d e sgng _

¢0'S

U J3ke7 paldng - \m_, |

,\ Ao

Wi

4
U J134e7 "1d3 \\\\\
V7777777777777 /. \ff

N PBE

S Alo- padoqg sy

&«%@%@ﬁ%ﬂ&%ﬁ%
Ny © 1




A TVNO LO0dS S 0d¥0 ¥OLS SI¥4 V g 9 4

Sjelsgng |
|

: H§m\,\\§\\\

Y- 1L




G ARRHE US PL T OF BAS C ELEMENT

— — = : —_ = : = :
T i 1
y 1 = L
% 1 + cadl EEmEA 0
5" I - =g HEr ] [RT1 jrisft i ¥ Ber ApIilajvredfen- -k
o B TN ETH i B Ti| waaher il an (e ST T L N
T i
3 I I I
13 o : T -
AT T oA AT AT T T s 1 FEEEL
N3 S0 E AT A EIEY EFEELELT LI FOT . 7 T o
[ GES EFWT R S L0 LE ] ] il
| (] EREEN RN "ol B iifi

b I
- = L
T Y UL U e
| ST P AT W N N [EYITET
G I 110 L LEES TEAE LI " [IEE IEET
=
- I T :
inb I ALl . -
T L
YESCEIE NS 3 T EET TR [X1 LT BT LT
TCF N TN I I KXY (A0 BTN T EEEE STTLI ITLT M [ B TR
FIETCTEES SPRET ITER DS =% (TN N NI CEETL) Tl egianifretfjube
e T
—
P23 £1 I £ -
321 ¥ LY
Sl Jeeiif == | .
Bpbileta [ aaffud’e
T :
+ $
T (ELE P R
AaRuliaiodatich Of [Tl Tivadgias
B INnoE LI tragdaete
T ™
L 4 3
— - -
T T r T : re r
5 Tiettin) T K a3 LI ¥ Tiis Lk} TrElas it T LEPLL i
VL E Sl "R F Bprb b hebottrereagpifid gt 1 ETEE T [T] r: T o H 15T :.
Wbt adlpld sEai iiadia a=ohreaffroeibireafdeqfeqid rIET LN G D0 AEES RN VRS I 6T DAETY ERTY CRLLI TN TN I B
T I T T T
- 1 e 1 e T
e T X : t : —+ f—t
1 — T : 4 :
TErIib 1L .} ET FT NI + 1 Ti1 [ B 1 T
[T [NEAMn ¥ .--|.|.- Wa BETEORE g ¥ [TEl T T 3 :
M ETH S o EET T ETETY e R H oD I . T T
LT T T || Ir-‘l" proeeRbpppprefTalafusnafeabppesnafnqnal==ofadibpiiis Sl
= T — __I——"'—
- : S
Tt I Y E
- = i -
TETT I W ETT | L FEE I
= ™  EEE] . | T B . ] T o
[y T P AT T O3 EPITE NN LT3 s [IIMITAA D 1§ I AT B I .
HIE IR pladfir=aifrang Pfobh, heeaa|ifor .I|| ualq-l| [ELil Bo(Taavhidl s findafdagifeecifai™ IT
re x v
$ - :
T TH T
3L : : it TSR RN T
'|'|'-||-l_-,_-\-| 521 ERIT FFLE) DR XS [TET S TSiL] o
Ppb b e 24 [ FELE O L TR O I T H
g fadda o] |-.-.-:-: Fhotlatdaladtadig shpivifrad !
i
X \
Hk i T 123 i ¥ I
T1isling) ] BLYET T TRNIN IR ST Py kS sl i
[ EEET LILED 16T 08 RREN B (R fEAE DR RN NN A TENE A KL
foray —
r Iy * + 1
1 o i
L T
H- - as e
1 i ' i I
rr - PEETS PR MU B e O " phovE
Thec ] aa febiifiryefortohegaitageafeaanf tes e WY
- - W e I e i
e . e Teo—cErirs
Teserememr iy

T I et ]

e e T

T T ] R i

a [E—— ams phwn o fu s s epanss fun csaafm 'r‘_““'—l‘""""_

B S e R T e Tl D St

"+'|r*75 S

e e L R

‘.““....,L..n......,}.....

_.._,.,__.._-.-....-.----‘-b—-—q—-l-‘—-}-—-- -I---.-

R ......_.....,,r_)j r__.._q;'jl.,. ,,.15,.1,.1'. ....-.....4...:E.c:.\g....L..,...-,-j....f.j,,g.f....,..

ey y s et ——

....._...---__.1'4_..i._.......-.

D e e el D e L T s
e s . | 3 o I L -
e e g ¢ e

e LR A —— e e e - e —
B e et el et
= S o o b e e e g b e et aps e r———

e s e e et ettt o, A




AICC(9%)

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

-2.00%

~4.008

-6.00%

-8.00%

-10.00%

——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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