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FOREWORD 

This  is a  summary of  t h e  work performed on NASA Cont rac t  

MAS8-31944. The i n v e s t i g a t i o n  w a s  conducted f o r  t h e  

National  Aeronautics  and Space Adminis t ra t ion ,  George 

C. Marshal l  Space F l i g h t  Center ,  Huntsv i l l e ,  Alabama. 

The Contrac t ing  O f f i c e r ' s  Technical  Representa t ive  w a s  

M r .  F. V i l l e l l a .  

The short- term o b j e c t i v e  of t h i s  p r e l i ~ ~ ~ i n a r y  s tudy o f  

t r a n s i s t o r s ,  d iodes ,  and FETS was to  e v a l u a t e  t h e  

r e l i a b i l i t y  of  t h e s e  d i s c r e t e  dev ices ,  from d i f f e r e n t  

manufacturers,  when sub jec ted  t o  power and tempera ture  

s t e p  stress tests. 

The long-term o b j e c t i v e  is t o  g a i n  more knowledge of 

a c c e l e r a t e d  stress t e s t i n g  f o r  use i n  f u t u r e  t e s t i n g  of 

v a r i e t i e s  of d i s c r e t e  dev ices ,  a s  w e l l  a s  to  determine  

which type  of  stress should be app l i ed  t o  a  p a r t i c u l a r  

type  of device  o r  design.  
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I 1.0 INTRODUCTION 

DCA R e l i a b i l i t y  Laboratory,  under Con t rac t  NAS8-31944 

f o r  NASA/Marshall Space F l i g h t  Center ,  has  compiled 

d a t a  f o r  t h e  purpose of  e v a l u a t i n g  t h e  e f f e c t  o f  power/ 

tempera ture  s t e p  stress when a p p l i e d  t o  a v a r i e t y  of  

semiconductor dev ices .  T h i s  r e p o r t  c o v e r s  t h e  swi tch-  

i n g  d iode  JANTXlN5554 manufactured by SEMTECH and MICRO 

SEMICONDUCTOR. 

A total  of  48 samples from e a c h  manufac turer  were 

submit ted  t o  t h e  p rocess  o u t l f n e d  i n  Table 1. I n  

a d d i t i o n ,  t w o  c o n t r o l  sample u n i t s  were mainta ined  f o r  

v e r i f i c a t i o n  of  t h e  electrical pa ramet r i c  t e s t i n g .  

i 
2.0 TEST REQUIREMENTS 

2.1 Electrical 

I A l l  test samples w e r e  s u b j e c t e d  t o  t h e  electrical tests 

o u t l i n e d  i n  Table  2 a f t e r  complet ing che p r i o r  power/ 

tempera ture  s t e p  stress p o i n t .  These tests were per- 

formed us ing  t h e  F a i r c h i l d  Model 600 high-speed comp- 

u t e r - c o n t r o l l e d  tester. Add i t iona l  bench t e s t i n g  was 

a l s o  r e q u i r e d  on  t h e  dev ices .  

I 2 .2  S t r e s s  C i r c u i t  

The test c i r c u i t  shown i n  F igure  1 was used t o  power 

a l l  o f  t h e  test d e v i c e s  du r ing  t h e  power/temperature 

stress c o n d i t i o n s .  The v o l t a g e  was set by VF and t h e  

c u r r e n t  was v a r i e d  i n  o r d e r  t o  comply wi th  t h e  spec i -  

f i e d  power r a t i n g  f o r  t h i s  dev ice .  A t  l e a s t  one o f  t h e  

d e v i c e s  was s u b j e c t e d  t o  maximum r a t e d  power (?-is?). 
A l l  remaining d e v i c e s  were s u b j e c t e d  t o  no less than  

90% of  MRP. See Figure  1 f o r  load  r e s i s t a n c e  v a l u e s  

I and vo l t ages .  



Group I - Power Stress 
Thirty-two units, 16 from each manufacturer, were 

submitted to the Power Stress Process. The diodes were 

stressed in 500-hour steps at 50, 100, 125, 150 and 175 

percent of maximum rated power (MRP) for 2500 hours or 
until 50% or more of the devices in a sample lot 

failed.* Electrical measurements were performed on all 

specified electrical parameters after each power step. 

See Table 1. 

2.4 Group I1 - Temperature Stress I 
Thirty-two units, 16 from each manufacturer, were 

submitted to the Temperature Stress I Process. Group 

I1 was subjected to 1600 hours of stress at maximum 

rated power in increments of 160 hours. The tempera- 

ture was increased in steps of 25O~, commencing at 7 5 O ~  

and terminating at 3 0 0 ~ ~  or until 50% or more of the 

devices failed.* Electrical measurements were per- 

formed on all specified electrical parameters after 

each temperature step. See Table 1. 

I 2.5 Group I11 - Temperature Stress 11 
Thirty-two units, 16 from eacl- nanufacturer, were 

I submitted to the Temperature Stress I1 Process. Group 

I11 was subjected to 112 hours of stress at maximum 

I rated power in increments of 16 hours. The temperature 

was increased in steps of 2s0c, commencing at 1 5 0 ~ ~  and 

terminating at 3 0 0 ~ ~  or until 50% or more of the de- 

I vices in a sample lot failed.* Electrical measurements 

were performed on all specified electrical parameters 

I after each temperature step. See Table 1. 

* Conditions for failure: 

I 
A )  Open or short 
B) Leakage exceeds the maximtun limit by 100 times 
C) Other parameters exceed MIL limits by 50% or more. 



I 3.0 DISCUSSION OF TEST RES!ILTS 

I 3.1 Group I - Power S t r e s s  

3.1.1 --- Semtech. The Semtech sample l o t  completed 1650 hour s  

of  Group I T e s t i n g  b e f o r e  t h e  lo t  w a s  s topped  because  

of s i x  c a t a s t r o p h i c  f a i l u r e s  and t w o  v i s u a l  rejects 

(due to  hand l ing )  . The f i r s t  t w o  f a i l u r e s  o c c u r r e d  50 

hours  i n t o  t h e  100% MRP s t e p .  S e r i a l  numbers 6715 and 

6717 f a i l e d  because o f  e x c e s s i v e  IR l e akage .  The n e x t  

f a i l u r e  o c c u r r e d  50 hour s  i n t o  t h e  125% MRP s t e p .  

S e r i a l  number 6719 f a i l e d  because  of e x c e s s i v e  IR 

leakage.  The n e x t  f a i l u r e  o c c u r r e d  1 0  hour s  i n t o  t h e  

150% MRP s t e p .  S e r i a l  number 6718 f a i l e d  because  of 

e x c e s s i v e  IR l eakage .  The n e x t  f a i l u r e  o c c u r r e d  25  

hours  i n t o  t h e  150% MRP s t e p .  S e r i a l  number 6716 w a s  

removed from t h e  Group I T e s t i n g  a s  a v i s u a l  c a t a -  

s t r o p h i c  f a i l u r e . *  The l a s t  f a i l u r e  o c c u r r e d  150 h o u r s  

i n t o  t h e  150% MRP s t e p .  S e r i a l  number 6713 was removed 

from t h e  Group I T e s t i n g  6 s  a visual c a t a s t r o p h i c  

f a i l u r e . *  T y p i c a l  c h a r a c t e r i s t i c s  of  t h i s  sample l o t ' s  

performance were: 

1) The mean v a l u e  f o r  IR changed 616.53nA from an  

i n i t i a l  mean of  89.32nA to  a f i n a l  mean of  705.85nA. 

2)  The mean v a l u e  f o r  VF1 changed 0.003V from an  

i n i t i a l  mean o f  1.083V to a f i n a l  mean o f  1.080V. 

3 )  The mean v a l u e  f o r  V changed 6.9mV from a n  
F2 

i n i t i a l  mean of  812.2mV t o  a f i n a l  mean o f  819.lmV. 

I The c o n t r o l  u n i t s  for t h i s  sample l o t  remained c o n s t a n t  

th roughout  t h e  e n t i r e  Group I T e s t i n g .  

* See Table  8 f o r  e x p l a n a t i o n  



I 3.1.2 Micro Semiconductor .  '!'he Micro Semiconductor  sample  

l o t  completed 2000 h o u r s  o f  Group I T e s t i n g  b e f o r e  t h e  

l o t  w a s  s t opped  because  o f  s e v e n  c a t a s t r o p h i c  f a i l u r e s  

and one  MIL-STD-19500 l i m i t  f a i l u r e .  S e r i a l  number 

6764 w a s  removed from t h e  Group I T e s t i n g  1 0  h o u r s  i n t o  

t h e  150% MRP s t e p  as a MIL-STD-19500 l i m i t  f a i l u r e .  

The f i r s t  c a t a s t r o p h i c  f a i l u r e  o c c u r r e d  250 h o u r s  i n t o  

t h e  150% MRP s t e p .  S e r i a l  number 6750 w a s  removed f rom 

t h e  Group I T e s t i n g  as a v i s u a l  c a t a s t r o p h i c  f a i l u r e . *  

The l a s t  s i x  f a i l u r e s  o c c u r r e d  500 h o u r s  i n t o  t h e  150% 

MRP s t e p .  S e r i a l  numbers 6751, 6752, 6753, 6755, and  

6762 w e r e  removed from t h e  Group I T e s t i n g  as v i s u a l  

c a t a s t r o p h i c  f a i l u r e s . *  S e r i a l  number 6761 f a i l e d  t h e  

minimum V l i m i t .  T y p i c a l  c h a r a c t e r i s t i c s  o f  t h i s  F 
sample l o t ' s  performance were: 

1) The mean v a l u e  f o r  IR changed 92.49nA from a n  

i n i t i a l  mean o f  48.01nA to a f i n a l  mean o f  140.5nA. 

2)  The mean v a l u e  f o r  VF1 changed 0.109V from a n  

i n i t i a l  mean o f  1.037V t o  a f i n a l  mean o f  0.928V. 

3) The mean v a l u e  f o r  V changed 97.5mV from a n  
F2 

i n i t i a l  mean o f  832.5mV to a f i n a l  mean o f  735.0mV. 

The c o n t r o l  u n i t s  f o r  t h i s  sample l o t  remained c o n s t a n t  

th roughout  t h e  e n t i r e  Group I T e s t i n g .  

I 3.1.3 S t a t i s t i c a l  Summary - Group I .  Tab l e  4 o u t l i n e s  t h e  

I 
r e s u l t s  of  Group I - Power S t r e s s  P r o c e s s  f o r  e ach  o f  

t h e  electrical  p a r a m e t e r s  and a l l  measurement p o i n t s  

f o r  b o t h  Semtech and Micro Semiconductor .  

I 3.2 Group I1 - Temperature  S t r e s s  I - 

I 3.2.1 Semtech. The Semtech Sample lo t  completed t h e  e n t i r e  

1600-hour Group I1 T e s t i n g  w i t h  a t o t a l  of  two 

I 
--- * See T a b l e  8 f o r  e x p l a n a t i o n  



catastrophic failures. The first failure occurred 160 

hours into the 200~~-tem~erature step. Serial number 

6721 failed because of excess;-ve I leakage. The last R 
failure occurred 160 hours into the 27~~~-temperature 

step. Serial number 6725 failed because of excessive 

IR leakage. Serial numbers 6805 and 6806 were removed 

from the Group I1 Testing, 160 hours into the 17S0c- 

temperature step as MIL-STD-19500 limit failures. 

Typical characteristics of this sample lot's performance 

were: 

1) The mean value for I changed 29.3pA from an R 
initial mean of 118.0nA to a final mean of 29.45pA. 

2) The mean value for VF1 changed 0.001V from an 

initial mean of 1.076V to a final mean of 1.075V. 

3 )  The mean value for VF2 changed 0.6mV from an 

initial mean of 874.2mV to a final mean of 874.8mV. 

The control units for this sample lot remained constant 

;\roughout the entire Group I1 Testing. 

Micro Semiconductor. The Micro Semiconductor sample 

lot completed the entire 1600-hour Group I1 Testing 

with no catastrophic failures. Typical characteristics 

of this sample lot's performance were: 

1) The mean value for IR changed 4.96~~A from an 

initial mean of 20.78nA to a final mean of 4.977pA. 

2) The mean value for VF1 changed 0.047V from an 

initial mean of 1.040V to a final mean of 1.087V. 

3 )  The mean value for VF2 changed 13.lmV from an 

initial mezn of 891.3mV to a final mean of 334.4mV. 

The control units for this sample lot remained constant 

throughout the entire Group I1 Testing. 



I 3.2.3 Statistical Summary - Group 11. Table S outlines the 

results of Group I1 - temperature Stress I Testing for 
each of the electrical parameters and all of the measure- 

ment points for both Semtech and Micro Semiconductor, 

I 3.3 Group I11 - Temperature Stress I1 

I 
3.3.1 Semtech. The Semtech sample lot completed the entire 

112-hour Group I11 Testing with seven catastrophic 

failures. The first six failures occurred 16 hours 

I into the 150~~-tcm~erature step. Serial numbers 6728, 

6730, 6732, 6733, 6734, and 6814 failed because of 

I excessive I leakage, The last failure occurred 16 R 
hours into the 17~~c-tem~erature step. Serial number 

I 6731 failed because of excessive I leakage. Typical 
R 

characteristics of this sample lot's performance were: 

1) The mean value for IR changed 7.340nA from an 

initial mean of 89.07nA to a final mean of 96.41nA. 

2) The mean value for VF1 changed 0.029V from an 

initial mean of 1.083V to a final mean of 1.112V. 

3) The mean value for VF2 chanqed 17.0mV from an 

initial mean of 875.9mV to a final mean of 892.9mV. 

The control units for this sample lot remained constant 

throughout the entire Group I11 Testing. 

I 3.3.2 Micro Semiconductor. The Micro Semiconductor sample 

lot completed the entire 112-hour Group I11 Testing 

I with no catastrophic failures. Typical characteristics 

i of this sample lot's performance were: 

1) The mean value for IR changed 26.74nA from an 

initial mean of 31.47nA to a final mean of 58.21n.A. 

2) The mean value for VF1 chanqed 0.012V from an 

initial mean of 1.044V to a final mean of 1.056V. 



3 )  The mean v a l u e  f o r  VF2 changed  0.lOmV f rom a n  

i n i t i a l  mean o f  386.2mV to a f i n a l  mean o f  886.3mV. 

The c o n t r o l  u n i t s  f o r  t h i s  s a m p l e  l o t  remained  c o n s t a n t  

t h r o u g h o u t  t h e  e n t i r e  Group 111 T e s t i n g .  

3 . 3 . 3  S t a t i s t i c a l  -- Sununary - ----a Group 111 .  T a b l e  6  o u t l i n e s  t h e  

r e s u l t s  o f  Group 111 - T e m p e r a t u r e  S t r e s s  I 1  T e s t i n g  

f o r  each o f  t h e  e l e c t r i c a l  p a r a m e t e r s  a n d  a l l  o f  t h e  

measurement  p o i n t s  f o r  b o t h  Semtech and  Micro Semi- 

c o n d u c t o r .  

4.0 FINAL DATA SUPLYARY 

T a b l e  7 s t a t i s t i c a l l y  summarizes  t h e  c h a n g e  i n  t h e  mean 

v a l u e  f rom t h e  ze ro -hour  d a t a  t o  t h e  f i n a l  d a t a .  The 

g r a p h s  o f  F i g u r e s  2 and 4 p l o t  t h e  c u m u l a t i v e  p e r c e n t  

f a i l u r e s  v e r s u s  t h e  t e m p e r a t u r e  stress l e v e l  f o r  G r o u p  

I1 - T e n ~ p e r a t u r e  S t r e s s  I ,  and Group 111 - T e m p e r a t u r e  

S t r e s s  1 1 .  The q r a p h s  o f  F i q u r e s  3 a n d  5 p l o t  t h e  t i m e  

s t e p  f o r  Group I 1  (160 h o u r s )  and Group TI1 ( 1 6  h o u r s )  

v e r s u s  t h e  t e m p e r a t u r e s  T and  T2 c a l c u l a t e d  f r o m  1 
F i g u r e s  2 and 4. T a b l e s  8 and 9 summarize t h e  f a i l u r e s  

e n c o u n t e r e d  f o r  a l l  t h r e e  stress g r o u p s .  The f a i l u r e s  

are s e p a r a t e d  in t .0  two c a t e g o r i e s :  c a t a s t r o p h i c  

f a i l u r e s  i n  T a b l e  8 and p a r a m e t r i c  f a i l u r e s  i n  T a b l e  9 .  

The d a t a  from T a b l e  8 was used a s  a s o u r c e  f o r  t h e  

g r a p h s  i n  F i q u r e s  2 and 4 .  F i a u r e s  2 and 4 w e r e  used 

a s  a source f o r  t h e  q r a p h s  i n  3 and 5 r e s p e c t i v e l y .  

J u n c t i o n  temperat :ure is p l o t t e d  on  a n  i n v e r s e  h y p e r -  

b o l i c  s c a l e .  



I 5.0 CONCLUSIONS 

A s t u d y  o f  t h e  t e s t  r e v e a l s  t h e  Micro Semiconductor 

sample l o t  performed b e t t e r  t h a n  t h e  Semtech l o t .  Both 

manufac tu re r s  were s topped  i n  Group I T e s t i n g ,  b u t  MSC 

had no c a t a s t r o p h i c  f a i l u r e s  i n  e i t h e r  Group I1 or 

Group 111. Because o f  t h e  absence  o f  t h e s e  MSC f a i l -  

u r e s  and t h e  Semtech f a i l u r e  mode o f  e x c e s s i v e  r e v e r s e  

l e a k a g e  c u r r e n t ,  o n l y  Group I was s u b m i t t e d  t o  f a i l u r e  

a n a l y s i s .  

I n  t h e  c a s e  o f  t h e  one  ana lyzed  Semtech sample and a l l  

o f  t h e  ana lyzed  MSC samples ,  t h e  s i l i c o n  d i e  was s t i l l  

w i t h i n  a c c e p t a b l e  e l e c t r i c a l  l i m i t s  when t h e  e x t e r n a l  

l e a d  became de tached  due t o  exceeding  t h e  m e l t i n g  

t empera tu re  o f  t h e  connec t ing  me ta l .  

The c u r v e  t r a c e r  p a t t e r n  of  t h e  remain ing  ana lyzed  

Semtech d i o d e s  i n d i c a t e s  t h a t  t h e s e  d e v i c e s  f a i l e d  due  

t o  a combina t ion  of  j u n c t i o n  damage and s u r f a c e  con- 

t a m i n a t i o n ,  w i t h  t h e  j u n c t i o n  damage predominating. 

A p l o t  o f  t h e  cumula t i ve  f a i l u r e  d i s t r i b u t i o n  f o r  

Groups I1 and I11 was made f o r  t h e  Semtech sample l o t ,  

b u t  t h e  r e g r e s s i o n  l i n e s  cou ld  n o t  be  drawn because  o f  

an i n s u f f i c i e n t  number of main f a i l u r e  p o i n t s .  S i n c e  

t h e  Groups I1 and I11 tests of t h e  MSC l o t s  had no 

f a i l u r e s ,  no p l o t  cou ld  be  made ( F i g u r e s  4 and 5 ) .  

Likewise ,  t h e  a c t i v a t i o n  e n e r g i e s  for bo th  manufac- 

t u r e r s  cou ld  n o t  be c a l c u l a t e d .  

A broken c i rc le  around a marked p o i n t  on t h e  graph  

i n d i c a t e s  a f r e a k  f a i l u r e  n o t  c a l c u l a t e d  a s  p a r t  o f  

t h e  r e g r e s s i o n  l i n e .  A s o l i d  c i rc le  around a marked 

p o i n t  i n d i c a t e s  a n  i s o l a t e d  main f a i l u r e  p o i n t .  The 



regres s ion  l i n e  i s  c a l c u l a t e d  using the  l e a s t  squares  

method. 

The a c t i v a t i o n  energy was c a l c u l a t e d  from t h e  formula: 



SWITCHING DIODES 

FIGURE 1 

P o w e r  ,332 T e m p e r a t u r e  Stress  C i r c u i t  
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TP 'LE 1 
TEST FI 'W DIAGRIL! 

I I I ITIAL 
ELECTRI CAL 

TESTS 
Per Table 2 L, 

Non-Operat i ng Power Stress 
Control  Group 

0.59 HRP 
500 Hours 

1.0 HRP 
500 Hours 

I 1.25 HRP 
500 Hours I 

500 Hours 

1 Note 2 i 

Temperature Step 
Stress II 

100 Percent HRP 100 Percent HRP 
I 

Note 3 1 I Note 4 1 
I 1 

160 Hours 

1 TA = ;ooOc 1 1 tT: = ,l7S0C 1 
t = 160 Hours 16 Hours 

I t = 160 Hours 1 1 t = 16 Hours 1 

A 

2S°C Steps 

A 

2S°C Steps 

1 t T f=3000C 1 1 tT:=300°C 1 
160 Hours 16 Hours 

"Quant i ty  per manufacturer (Semtech and Micro Semiconductor) 

I NOTES: 

I )  E l e c t r i c a l  measurements per Table 2 were made a t  50, 150, 250 and 500 hours. 

1 2) E l e c t r i c a l  r n e a s u r e r l t r  per Table 2 were made a t  10. 25. 50. 150, 250 and 500 hours 

3)  E l e c t r i c a l  r.leasurcments per Table 2 were made a t  the end o f  each 160 hours. 

1 4) E l e c t r i c a l  measurements per Table 2 were made a t  the end o f  each 16 hours. 



TABLE 2  P a r a m e t e r  evd T e s t  C o n d i t i o n s  

* I n  a d d i t i o n ,  any  open o r  s h o r t  s h a l l  be c o n s i d e r e d  c a t a s t r o p h i c  

TABLE 3 Power S t r e s s  B u r n - I n  C o n d i t i o n s  

-- 1.6 

UNIT 

llA 

V 

PARAMETER CONDITIONS 

IR 

e v,=6oov 

'F I 

e I,=~.A PULSED 

- 
" ~ 2  

@ 10=2. OA NOT PULSED 

SPECIFICATION 
L I M I T  

N I N MAX 

1.0 

-6 1.2 

- 6  1.2 

CATASTROPHIC* 
L I M I T  

H I #  M A X  

1 00 

- 3 1.8 

3 1.8 



NOTE 

FOP. TABLES 

4 THROUGH 7 

The minimurn/rnaximum i n i t i a l  and f i n a l  d a t a  g e n e r a l l y  
+ + have a n  a b s o l u t e  accu racy  of  - 1% of t h e  r e a d i n g  and  - 

one  d i g i t  e x c e p t  f o r  r e a d i n g s  g r e a t e r  t h e  9.99mA which 
+ + 

have a n  a b s o l u t e  accuracy  of - 2 %  of  t h e  r e a d i n g  and - 
one d i g i t .  The d a t a  also h a s  a r e s o l u t i o n  f o r  f o u r  

d i g i t s ,  The s t a n d a r d  d i v i a t i o n s ,  means, d e l t a  means, 

and a v e r a g e  means a r e ,  t h e r e f o r e ,  v a l i d  i n d i c a t o r s  of 

t r e n d s  o v e r  t i m e  and t empera tu re ,  e x c e p t i n g  t h e  minor 

s t a t i s t i c a l  computer error o f  supp ly ing  a c o n s t a n t  

number o f  s i g n i f i c a n t  d i g i t s ,  



POWER 5 7  TO 1 2 5 .  I I 

- - - - - 
g4Li JAMTXlNSSS2 

- -. - - -  4 

TABLE 4 
GROUP I - POWER STRESS DATA SUM.5lAP.Y 

Page 1 of 2 

#'>. MEAN VALUE I I 
50." POUE 3 --1 

PARAMETER 

CONDITIONS AND LIMIT 

I D E N T I F I C A T I O N  

INITIAL DATA 

MI N V A L U E  
YAY VALUE 
nEdtr 
ST0 3EV 

I N T E R I > l  D A T A  

50 Hours 
150 Hours 
250 Hours 
500 Hours 

100' POWER 

550 Hours 
650 Hours 
750 Hours 
000 Hours 

010 Hours 
025 Hours 
050 Hours 
150 Hours 
250 Hours 
500 Hours 

l R = l .  01iA (MAX) 

EVR=600V 

( c o . r t i n u e d  on second s h e e t )  

S EM 

34.70nA 
306.00nA 
89.32nA 
69.41nA 

MS C 

13.20nA 
46 1 .00nA 

48.01 nA 
1 0 6 . 8 0 n ~  

VFl-.~V(MIN) I .~v (MAx)  

@ l ,=9. OA (PULSED) 

SEM 

1.050V 
I. 150V 
I .  0 8 3 ~  
0.030V 

q 

MSC 

O.996v 
I.060V 
I.037V 
0.01 3 V  

v ~ ~ = . ~ v ( M I N )  I . ~ v ( M A x )  

@ lo-2. OA (HOT PULSED) 

SEM 

800.0m~ 
831.9mV 
812.2rn~ 

7 7mV 

MSC 

828.0mV 
838.2mV 
832.5m~ 

3. l m V  



- - - - -- - - - - - - - - - 
JANTXlN5552 

TABLE 4 (Cont'c:) 
(continued f r a n  first sheet) GROUP I - POWER S T R E S S  DATA S u w i A R Y  Page 2 of - 2 1 

i 
-- --- i 

- I 
I 

1 
I 

-- 

NOTE:  Ca tas t roph ic  R e j e c t s  removed from d a t a .  

PARAMETER 

C O N D I T I O N S  AND L I M I T S  

I D E N T I F I C A T I O N  

INITIAEATA 
--- 

VF2 = . 6 V ( M I N )  I . ~ ~ ( M A X )  

@ I  0=2.  OA (NOT PULSED) - 

SEM 

= . ~ v ( M I N )  I . Z V ( M A X )  "F 1 

@ I  ,+.oA (PULSED) 

MS C 

---- 
SEM 

I R= 1 .  OLA (MAX)  

@ V ~ = ~ O O V  
-----. 

MSC S  EM MS C 



TX; , 52  
TABLE 5 

2 

i 

I - 
i 1  - 
2 
d 

= 

? - 
5 

PARAMETERS 

CONDITIONS 
AND L I M I T S  

I D E N T I F I C A T I O N  

I N I T I A L  DATA 
M I N  VALUE 
MAX VALUE 
MEAN 
STD DEV 

I N T E P I M  DATA 
( IN IT IAL  TO FINAL) 

A MEAN VALUE 
T o t a l  Hrs.  Temp. 

160 Hours 7 5 3  
320 Hours 100 C 
4 8 0 ~ o u r s  1 2 5 ' ~  
640Hours  1 5 0 : ~  
800 Hours 1750C 
960 Hours 200 C 

1120 Hours 2 2 5 ' ~  
1280 Hours 250:~ 
1440 Hours 2750C 
1600 Hours 300 C 

F I N A L  DATA 

F INAL TEMP 

M I N V A L U E  
MAX VALUE 

GROUP 

I ,= 1 . OVA (MAX) 

@VR=600V 

11 TEMP STRESS I 

Vr,=.6v(MlN) I . ~ V ( M A X )  

@ I  ,=9 . OA (PULSED) 

MEAN 
STD DEV 

NOTE: CATASTROPHIC 

S EM 

27.4nA 
986.0nA 
118.0nA 
224.9nA 

15.6nA 
36.2nA 
17. lnA 
44.8nA 

627.51:A 
:"7 1 3.6cA 

61.4nA 
8.7nA 

":37.7:,A 
2 9 . 3 ~ A  

3 0 0 ' ~  

78.70nA 
38 1 . OOLA 

SEM 

0.976V 
I. 140V 
1 . 0 7 6 ~  
0.045V 

0.01 OV 
0.01 4 V  
0.01 5 V  
0.01 3 V  
0.009V 

- 0 . 0 0 3 ~  
0.006V 
0.01 1 V  
0. OOOV 

-0.00 1 V 

300 '~  

0. 9 8 2 ~  
1.140V 

I 

MS C 

13.70nA 
51.10nA 
20.78nA 

8.98nA 

26.69nA 
25. 14nA 
19.67nA 
17.98nA 
16.52nA 
14.51nA 
10.13nA 

137.22nA 
6.27uA 
4.96bA 

300 '~  

0 . 6 6 6 ~  
2 1 . 5 0 0 ~  

MS C 

0.999V 
1 , 0 9 0 ~  
1.040V 
0. 030V 

0.016V 
0.01 7~ 
0.018V 
0.026V 
0.024V 
0.01OV 
0 . 0 1 7 ~  
0.021V 
0.038V 
0.047V 

300 '~  

I .030V 
1.130V 

874.8m~ 
15.2mV 

DATA SUMMARY 

V F , = . 6 ~ ( ~ l N )  I.ZV(MAX) 

6' i0=2. OA (NOT PULSED) 

29.45uA 
101. SODA 

REJECTS 

904.4mV 
10.7mV 

SEM 

840.0m~ 
898.0mV 
874.2mV 

14.2mV 

6.6mV 
15.4mV 
8. l m V  
4.7mV 
3.2mV 

-0.7mV 
3. l m V  
5.7mV 
2. bmV 
0.6mV 

3 0 0 ' ~  

840.0mV 
895.0mV 

MS C 

883.0mV 
9 5 .  OmV 
89 1 .3mV 

5.2mV 

-0.5mV 
1 .3mV 
2.0mV 
5.5mV 
3.9mV 

-0.2mV 
1.8mV 
3 3mV 
9.5mV 

13. lmV 

300 '~  

884.3mV 
924,OmV 

4 . 9 7 7 ~  l.075V 
4.701 p 0.043V 

REMOVED FROM DATA 

1 . 0 8 7 ~  
0.029V 
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MSFC STEP-: TRESS TEST 
\ 

FRILURl- 
DICIbES - -  9 January 1979 

Date / J/N 2CN242-22-A p/NlN5552 ,F, SFATECH 

End Po in t :  End P o i n t s :  

I 
VISUAL INSPECTION 

A11 t h e s e  Semtech sa qles have lost their external paint .  In a d d i t i o n  
S/N 6 7 1 6  h a s  lost one  e x t e r n a l  l e a d  a t  the connecting Joint (see Figure 1 ) .  

I 

A ;I 
<hFE t race present.  Cannot meet r ta ted tcs t  condi t  ions. (Leahy) 

,fibhFE trace very leaky .  

- I  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
10 = d r i f t  ti = hysteresis  I n v  = inversion R = r r 5 i 5 t i v e  5 = sof t  Uns = unstabfc 

26 



HSFC STEP-:;TRESS TEST 
F A 1  LUHl AXALYS IS 

-- -. ..C -1 DIirllES - -  
SCN242-22A p / ~  1N5552 nFR Micro Semiconductor 

End Point:  End Poi.,ts: 

VISCAL INSPECTION 

I 
I 

A l l  t h r e e  Uicro S e n i c ~ n d u c t o r  samples lost t h e i r  ex terna l  pa in t ,  and one 

I externa l  lead came o f f  each sample at the connecting j o i n t  (see Figure 2 ) .  

D = drift ti = hysteresis Inv = inversion R = r e s i s t i v e  5 = s o f t  Uns = unstable 
27 



1 CONCLUSIONS 

I I n  t h e  rse cf Semtech S/N 6716, and a l l  t h e  Micro 

Semiconductor samples, t h e  s i l i c o n  die w a s  still w i t h i n  

I accep tab le  electrical l i m i t s  when t h e  e x t e r n a l  l e a d  became 

detached due to exceeding t h e  mel t ing  tempera ture  of t h e  

I 
connect ing metal. 

The curve  t r a c e r  p a t t e r n  o f  Semtech S/N 6715 and 6719 

I i n d i c a t e s  t h a t  t h e s e  d e v i c e s  f a i l e d  due to a combination o f  

junct ion  damage and s u r f a c e  contaminat ion,  w i t h  t h e  junc t ion  

I danrage predominating. 




