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IIIiA	 JANTX1N981B

FOREWORD

This report is a s=,mary of the work performed

on NASA Contract NASB-31944. The investigation was

conducted for the National Aeronautics and Space Admin-

istration, George C. Marshall Space Flight Center, Hunts-

ville, Alabama. The Contracting Officer's Technical

Representative was Mr. F. Villella.

The short-term objective of this preliminary study

of transistors, diodes, and FETS is to evaluate the

reliability of these discrete devices, from different

manufacturers, when subjected to power and temperature

v	 step stress tests.

The long-term objective is to gain more knowledge

of accelerated stress testing for use in future testing

of discrete devices, as well as to determine which type

of stress should be applied to a particular device or

design.

This report is divided as follows: description of tests,

figures, tables, and appendix.
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1.0
	

INTRODUCTION/SCOPE

D.C.A. Reliability Laboratory, under contract KAS8-31944

for NASA/Marshall Space Flight Center, has compiled data

for the purpose of evaluating the effect of power/

temperature step stress when applied to a variety of semi-

conductor devices. This report covers the Zener diode

JANTX1N981B manufactured by Motorola and Siemens.

A total of 46 samples from each manufacturer was submitted

to the process outlined in Table 1. In addition, two

control units were maintained for verification of the

electrical parametric testing.

	

2.0	 TEST REQUIREMENTS

	

2.1	 Electrical

All test samples were subjected to the electrical tests

outlined in Table 2 after completing the prior power/

temperature step stress point. These tests were performed

using the Fairchild Model 600 high-speed computer-controlled

tester. Additional bench testing was also required on the

devices.

	

2.2	 Stress Circuit

The test circuit shown in Figure 1 was used to power all

of the test devices during the power/temperature stress

conditions. The voltage was set by V  and the current was

varied in order to comply with the specified power rating

for the device. Maximum rated power (MRP) was reached on

at least one of the test devices. All the remaining

devices were subjected to not less than 90 of the maximum

rated power. See Figure 1 for load resistor values and

voltages.

1
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2.3
	

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 for a total of 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 II - Temperature Stress I

Thirty-two units, 16 from each manufacturer, were submitted

to the Temperature Stress I process. Group II was subjected

to a total of 1600 hours of stress at maximum rated power

in increments of 160 hours. The temperature was increased

in steps of +25°C, commencing at +75°C and terminating at
•

+300°C or until 50% or more of the devices failed.

Electrical measurements were performed on all specified

electrical parameters after each temperature step. See

Table 1.

	

2.5
	

Group III - Temperature Stress II

Thirty-two units, 16 from each manufacturer, were submitted

to the Temperature Stress II process. Group III was

subjected to a total of 112 hours of stress at maximum

rated power in increments of 16 hours. The temperature

was increased in steps of +25°C, commencing at +150°C and

terminating at +300°C or until 50% or more of the devices

in a sample lot failed.	 Electrical measurements were

performed on all specified electrical parameters after each

temperature step. See Table I.

'Conditions for failure:

A) Opens or shorts

B) Leakage exceeds maximum limit by 100 times.

C) Other parameters exceed MIL limits by 50% or greater.

2
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	3.0
	

DISCUSSION OF TES': RESULTS

	

3.1
	

Group I - Power Stress

3.1.1 Motorola. The Motorola sample lot completed the entire

2500-hour Group I testing with no catastrophic failures.

Typical characteristics of this sample lot's performance

were:

1) The mean value for I  changed 22.47nA from an initial

mean of 5.107nA to a final mean of 27.58nA.

2) The mean value for BV changed .26V from an initial

mean of 70.29V to a final mean of 70.03V.

The control units for this sample lot remained constant

throughout the entire Group I testing.

3.1.2 Siemens. The SIE sample lot completed the entire

2506-hour Group I testing with no catastrophic failures.

Typical characteristics of this sample lot's performance

were:

1) The mean value for I  changed .236nA from an initial

mean of .710nA to a final mean of .947nA.

2) The mean value for B V changed .23V from an initial

mean of 6E.17V to a final mean of 67.94V.

The control units for this sample lot remained constant

throughout the entire Group I testing.

3.1.3 Statistical Summary - Group I

Table 4 outlines the results of Group I - Power Stress

for the two electrical parameters and all measureme,.t

points for both Motorcla and Siemens.

	

3.2	 Group II - Temperature Stress I

3.2.1 Motorola. The Motorola sample lot completed the entire

1600-hour Group II testing with a total of 10 catastrophic

3
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failures. The first failure occurred 160 hours into thc,

+225°C temperature step. Serial n.u-Lber 4687 failed the

minimum BV limit. The next failure occurred 160 hours

into the +275°C temperature step. Serial number 4680

failed the minimum BV limit. The last eight failures

occurred 160 hours into the +300°C temperature step.

Serial numbers 4677, 4683, 4688, and 4689 failed because

of excessive I  leakage. Serial numbers 4679 and 4684

failed the minimum BV limit. Serial numbers 4678 and 4682

were removed from the Group II testing as visual failures

because the diodes cracked in two from the stress. Typical

characteristics of this sample lot's performance were:

1) The mean value for I  changed 4.2321A from an initial

mean of 8.675nA to a final mean of 4.232uA.

2) The mean value for BV changed 13.54V from an initial

mean of 70.14F to a final mean of 56.60V.

t
	 The control units for this sample lot remained constant

i
	

throughout the entire Group II resting.

3.2.2 Siemens. The SIE sample lot completed a total of 1450 hours

before the lot was stopped because more than 509 of the

devices failed at this point. The first failure occurred

160 hours into the +175°C temperature step. Serial number

4625 failed because of excessive I  leakage. The last

eight failures occurred 160 hours into the +275°C temperature

step. Serial nursers 4628, 4630, 4631, 4632, 4635, 4636,

and 4637 failed the minimum B V limit. Serial number 4638

failed because of excessive I  leakage. Typical charac-

teristics of this sample lot's performance were:

1) The mean value for I  changed 57.669uA from an initial

mean of 1.10nA to a final mean of 57.67uA.

2) The mean value for BV changed 27.71V from an initial

mean of 67.96V to a final mean of 40.25V.

4
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The control units for this sample lot remained constant

throughout the entire Group II testing.

3.2.3 Statistical Summary - Group II

Table 5 of this report outlines the results of Group II -

Temperature Stress I testing for the two specified electrical

parameters and all of the measurement points pertaining to

both Motorola and Siemens.

3.3	 Group III - Temperature Stress II

3.3.1 Motorola. The Motorola sample lot completed the entire

112-hour Group III testing with no catastrophic failures.

Typical characteristics of this sample lot's performance

were:

1) The mean value for I  changed 19.727nA from an initial

mean of 5.553nA to a final mean of 25.28 nA.

2) The mean value for B V changed .02V from an initial

mean of 69.91V to a final mean of 69.93 %1.

The control units for this sample lot remained constant

throughout the entire Group III testing.

3.3.2 Siemens. The SIE sample lot completed the entire 112-hour

Group III testing with a total of three catastrophic

failures. The first failure occurred 16 hours into the

+175°C temperature step. Serial number 4642 failed because

of excessive I  leakage. The last two failures occurred

16 hours into the +300°C temperature ste p . Serial numbers

4647 and 4651 failed the minimum B V level. Typical

characteristics of this sample lot's performance were:

1) The mean value for I  changed 13.449uA from an initial

mean of .9169nA to a final mean of 13.45uA.

2) The mean value for B V changed 7.05 from an initial

mean of 68.54V to a final mean of 61.49V.
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The control units for this sample lot remained constant

throughout the entire Group III testing.

3.3.3 Statistical Summary - Group III

1
	 Table 6 outlines the results of Group III - Temperature

Stress II for the two electrical parameters and all

measurement points for both Motorola and Siemens.

	

4.0	 FINAL DATA SUMMARY

Table 7 statistically summarized the change in the mean

value from the zero-hour data to the final data. The

graphs of Figures 2 and 4 plot the cumulative percent

failures versus the temperature stress level for Group II -

Temperature Stress I, and Group III - Temperature Stress II.

The graphs of Figures 3 ar,d 5 plot the time step for

Group II (160 hours) and Group III (16 hours) versus the

temperatures T 1 and T2 calculated from Figures 2 and 4.

Tables 8 and 9 summarize the failures encountered for

all three stress groups. The failures are separated into

two catagories: catastrophic failures in Table 8 and

parametric failures in Table 9. The data from Table 8

was used as a source for the graphs in Figures 2 and 4.

Figures 2 and 4 were used as a source for the graphs

in 3 and 5 respectively. Junction temperature is plotted

on an inverse hyperbolic scale.

	

5.0	 CONCLUSIONS

Both manufacturer's parts performed well in the Group I

and Group III testings. The Group II - Temperature Stress I

testing proved to be the most detrimental of the three

groups. Motorola completed the testing with 10 catastrophic

failures. The Siemens sample lot was stopped 160 hours

before the completion of the Group II testing with a total

of nine catastrophic failures. Extreme heat was a big

6
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factor in the failure mode. Note that the majority of the

failures did not occur until the +275°C of +300°C temperature

step. At this point the devices experienced junction

temperatures above +500°C. It is safe to say that the

Motorola and Siemens devices failed due to electrical/

thermal overstress, damaging the internal diode junctions.

This conclusion is supported by the presence of low

breakdown with soft and resistive curve traces, and the

absence of surface leakage.

A plot showing cumulative failure distribution for Groups II

and III testing was drawn for the Siemens sample lot (Fig-

ures 4 and 5), bu i complete graph could not be drawn

for the Motorola sample lot because of an absence of

failure points in the Group III testing. Figures 4 and 5

display the Siemens sample lot used to calculate an activa-

tion energy of .98eV.

A broken circle around a marked point, on the graph, indicates

a freak failure not calculated as part of the regression

line. A solid circle around a marked point indicates an

isolated failure point. The regression line was drawn using

the least square method.

The activation energy was calculated from the formula:

8.63	 X	 10 -5 eV/oK
t1	

1	
1

E	 £n	

t 2)_
	 T 1 +2 73	 T 2 + 2 13	

eV

Where:	 t1 . step of Group II - Temp Stress I - 160 hrs.

t2 . step of Group III - Temp Stress II . 16 hrs.

T I . temperature in 0  of 16% failure for Group II.
T 2 ` temperature in 0  of 16% failure for Group III.

7
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FIGURE 1

Power and Temperature Stress Circuit
for JANTX1N981B.
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TABLE 1
TEST FLOW DIAGRAM

INITIAL
ELECTRICAL

TESTS

Per Table 2 J

(2)*	 16)*	 (16^^
Temperature Step

Non-Operating	 Power Stress	 Stress I
Control Group	 TA = 25°C	 100 Percent MRP

Note 3

0.50 MRP	 T = 750C

500 Hours	 A

Note 1	 I 

t - 160 Hours

JANTXIN 9 8113

16)*
Temperature Step

Stress II

100 Percent MRP

Note 4

TA = 150-C

t - 16 Hours

n t

1.0 MRP	
TA = 100°C	 TA - 175°C

500 Hours

Note 1
It = 150 Hours	 t = 16 Hours

1.25 MRP	 TA - 125°C	 TA = 200°C
500 Hours

t - 160 Hours	 t r 16 Hours
Note 2

1.5 MRP

500 Hours	 25°C Steps	 25°C Steps

Note

1.75 MRP	 TA = 300°C	 TA = 300°C
500 Hours

t - 160 Hours	 t = 16 Hours
Note 2

*Quantity per manufacturer ( 	 Motorola L Siemens	 }

NOTES:

1) Electrical measurements per Table 2 were made at 50, 150, 250 and 500 hours.

2) Electrical measurements per Table 2 were made at 10, 25, 50, 150, 250 and 500 hour;.

3) Electrical measurements per Table 2 were made at the end of each 160 hours.

4) Electrical measurements per Table 2 were made at the end of each 16 hours.

13



TABLE 2
PARAMETERS AND TEST CONDITIONS

0- -D JANTXIN981B

+v,

PARAMETER CONDITIONS

SPEC.	 LIMIT LAT.	 LIMIT

UNITSMIN MAX MIN MAX

I Q v 	 a	 52.01' --- 5.0 --- 500.0 UA

B y W	 I z	-	 1.8mA 64.6 71.4 32.3 107.1 v

N. TES	
----	 --	 -	 ---	 ,.

In	 addition,	 any	 open	 or	 short	 shall	 be	 considered	 catastrophic.

TABLF. 3
POWER STRESS BURN—IN CONDITIONS

v 
	 = 68.ov

I Z	= Percent	 PD

2. 7mA 50

5 4mA 100

6.8mA 125

8.ImA 1r0

9. 5mA 175

14
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NOTE

FOR TABLES

4 THROUGH 7

The minimum/maximum initial and final data

generally have an absolute accuracy of ±1% o.17

the reading and ± one digit except for readings

greater than 9.99mA which have an absolute accur-

acy of ±2€ of the reading and ± one digit. The

data also has a resolution for four digits. The

standard deviations, means, delta means, and

average means are, therefore, valid indicators

of trends over time and temperature, excepting

the minor statistical computer error of supply-

ing.a constant number of significant digits.
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î

ig
1g

s





FAILURE ANALYSIS JANTX1NVd1b

MSFC STEP-STRESS TEST
Date	 4 October	 1978

J/N	 2rN242 -31B 	 p/N	 1N921 MFA	 SIEMENS

(FAILURE	 VERIFICATION:

Initial

PIV Re j .

volts I R Test Initial 

Seq. Rej.I S/N E1.8mA 23 V.dc No.: for:

4625 0.95 R 18 mA MP-8 1 
4628 11.60	 S 35 MA MP-10 IR,BV

4630 9.20	 S 50 mA* MP -8 1

*
Cannot rea 23	 volts.

Limits: Limit:

32 . 3	 t0 107.1 500pA Max.

INTERNAL	 VISUAL	 INSPECTION:

All	 three samples show evidence 1	 fof meta	 flow away from the top idie n	 n	 hcontact,	 and up	 the

internal	 anode	 lead.	 No other significant	 anomalies	 were	 seen. See	 Figure	 A-1.

*hFE	 trace present.	 Cannot meet	 stated test conditions.	 (Leaky)

**hFE	trace very	 leaky.

D . drift	 H - hysteresis Inv -	 inversion R.	 -	 resistive S r- soft	 Uns -	 unstable

i
0
n

w



10 4 FDA FAILURE ANALYSIS JANTXIN981B

MSFC STEP-STRESS TEST
Date 4 October 1978

J/N	 2CN242-31B	 P/N	 1X981 MFR MOTOROLA

FAILURE	 VERIFICATION:

Initial

Re j . F
PIV

I 	
F

Test Initial
volts Seq. Rej.

S/N F 1 . 8mA 2 3	 V . do No.: for:

4677 R	 (4	 ) MP-11 IP,BV

4679 20 S 2.5 mA MP-11 IR,BV

4680 8.8 R 17 mA MP-10 I	 ,BV

Limits: Limit:

32.3	 to 107.1 500vA Max

INTERNAL	 VISUAL	 INSPECTION

S/N	 4679 has die-attach metal	 up one edge and reaching	 the	 top of	 the die.

S/N	 4680 has	 an extraneous	 large	 silicon chip held	 by	 the	 aie-attach metal	 and	 touching one

corner of	 the	 die.	 See	 Figure	 A-2 for	 typical Motorola	 construction.

*hFE	trace present.	 Cannot meet stated	 test conditions.	 (Leaky)

**hFE	 trace very	
leaky.

D ,	 drift	 H	 hysteresis	 Inv inversion R	 resistive	 S soft	 Uns	 unstable

0

4

24



4
C

JAN'TX1N981B

1b16 7^

101

y•

FIGURE A-1

S/N 4628, Typical Siemens Diode, 11X

Notice metal climb on irfternal anode lead.

CIO

Yl

FIGURE A-2	 r-

SIN 4675, Typical Accepted Motorola Diode, lOX

25
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JA.N:TX1N981B

CCNCLUSIGN

All these Siemens and Motorola samples failed due to electrical/

thermal overstress which damaged the diode junctions.

This conclusion is supported by the presence of low breakdowns

with soft and resistive curve traces, and the absence of surface

leakage. None of the visual defects was sufficient in itself

to cause failure. However, the evidence of melting metal, which

continued over at least 160 hours, suggests the likelihood that

alloying or diffusion of the molten metal into the silicon was

the actual failure mode.

v+

u

2G
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