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I

I	 FOREWORD

I
This report is a summary of the work

performed on NASA Contract NAS8-31944. The

investigation was conducted for the Natio ► ,al

I
Aeronautics and Space Administration, George

C. Marshall Space Flight Center, Huntsville,

I	 Alabama. The Contracting Officer's Technical

Representative was Mr. F. Villella.

IThe short-term objective of this preliminary

study of transisters, diodes, and FETS is to

I
evaluate the reliability of these discrete

devices, from different manufacturers, when

I
subjected to power and temperature step

stress tests.

IThe long-term objective is to gain more

knowledge of accelerated stress testing for

Iuse in future testing of discrete devices, as

well as to determine which type of stress

should be applied to a particular device or

design.

I This report is divided as follows: descrip-

tion of tests, figures, tables, and appendix.

ii
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I	 1.0	 INTRODUCTION

DCA Reliability Laboratory, under Contract

' NAS8-31944 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 semiconductor devices.

This report covers the zener diode JANTX1N2970B

Imanufactured by Siemens and General Semiconductor,

Inc.

I
A total of 48 samples from each manufacturer was

submitted to the process outlined in Table 1. In

I addition, two control sample units were maintained

for verification of the electrical parametric

testing.

	

2.0	 TEST REQUIREMENTS

	

2.1	 Electrical

I
All test samples were subjected to the electrical

tests outlined in Table 2 after completing the

I
prior power/temperature step stress point. These

tests were performed using the Fairchild Model 600

I	 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

I
power all the test devices during the power/temper-

ature stress conditions. The voltage was set by V 

I
and the current was varied in order to comply with

the specified power rating for the device. At

I	 least one of the devices was subjected to maximum

rated power (MRP). All remaining devices were
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I subjected to no less than 90% of MRP. See Figure 1

for load resistance values and voltages.

I
	2.3	 Group I - Power Stress

I
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)

I for 2500 hours or until 50% or more of the devices

in a sample lot failed.* Electrical measurements

were performed on all specified electricalI parameters after each power step. See Ta-

ble 1. (*See Notes at end of text.)

	

2.4	 Group II - Temperature Stress I

Thirty-two units, 16 from each manufacturer, were

submitted to the Temperature Stress I Process.

I Group II was subjected to 1600 hours of stress at

maximum rated power in increments of 160 hours.

The temperature was increased in steps of 250C,I commencing at 75 0C and terminating at 300 0C or

until 50% or more of the devices failed.* Electri-

cal measurements were performed on all specified

electrical parameters after each temperature step.

I
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.I Group III was subjected to 112 hours of stress at

maximum rated power in increments of 16 hours. The

I temperature was increased in steps of 250C,

commencing at 150 0C and terminating at 300 0C or

I
until 50% or more of the devices in a sample lot

l
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I
failed.* Electrical measurements were performed

on all specified electrical parameters after each

temperature step. See Table 1.

1	 3.0	 DISCUSSION OF TEST RESULTS

I3.1	 Group I - Power Stress

I
3.1.1 General Semiconductor. The General Semiconductor

(GSI) sample lot completed 1750 hours of Group I

Testing before the lot was stopped because more

than 50% of the devices failed. The first seven

failures occurred 150 hours into the 150% MRP

I	 step. Serial numbers 9417, 9428, 9430, 9437, 9438,

9439 and 9440 failed the maximum BV limit. The

Ilast five failures occurred 250 hours into the

150% MRP step. Serial numbers 9431, 9432, 9433,

9434 and 9435 failed the minimum BV limit. Typical

characteristics of this sample lot's performance

Iwere:

1) The mean value for I  changed 1.80PA

I	 from an initial mean of 69.70vA to a final

mean of 71.50PA.

2) The mean value for BV changed .259V

from an initial mean of 6.983V to a final

mean of 7.242V.

I
The control units for this sample lot remained

constant throughout the entire Group I Testing.

3.1.2 Siemens. The Siemens sample lot completed 1650

hours of Group I Testing before the lot was

stopped because more than 50% of the devices

failed. The first failure occurred 25 hours into

I	 the 125% MRP step. Serial number 9493 failed the

3



111:x\	 JANTX1N2970B

maximum IR limit. The next failure occurred 250

I
hours into the 125% MRP step. Serial number 9481

failed the maximum I R limit. The next failure

I occurred 10 hours into the 150% MRP step. Serial

number 9489 failed the maximum IR limit. The next

failure occurred 25 hours into the 150; MRP step.

Serial number 9486 failed the maximum I R limit.

The next failure occurred 50 hours into the 1508

MRP step. Serial number 9496 failed the maximum IR

limit. The last five fail-fires occurred 150 hours

I into the 1508 MRP step. Serial numbers 9483, 9488,

9487 and 9495 failed the maximum BV limit. Serial

number 9491 failed the maximum I R limit. Typical

characteristics of this sample lot's performance

I	 were:

1) The mean value for IR changed

728.2nA from an initial mean of 636.8nA to

I	 a final mean of 1.365PA.

2) The mean value for BV changed .174V

I
from an initial mean of 6.902V to a final

mean of 7.076V.

I
The control units for this sample lot remained

constant throughout the entire Group I Testing.

I 3.1.3	 Statistical Summary - Group I. Table 4 outlines

the results of Group I - Power Stress Process forI each of the electrical parameters and all

measurement points for both General Semiconductor

and Siemens.

I
3.2	 Group II - Temperature Stress I

I	 3.2.1	 General Semiconductor. The General Semiconductor

sample lot completed 600 hours of Group II Testing
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before the lot was stopped because more than 508

I
of the devices failed. The first five failures

occurred 160 hours into the 1500C-temperature

I step. Serial number 9454 was removed from the

Group II Testing as a visual catastrophic failure.

(See Table 8.) The last five failures occurred 160

Ihours into the 175 0C-temperature step. Serial

numbers 9443, 9451, 9453, 9456 and 9457 were

Iremoved from the Group II Testing as visual

catastrophic failures. (See Table 8.) Typical

I
characteristics of this sample lot's performance

were:

I	 1) The mean value for IR changed

30.74uA from an initial mean of 64.31PA to

a final mean of 95.05PA.

2) The mean value for BV changed

.085V from an i-Atial mean of 6.956V to

I	 a final mean of 7.041V.

The control units for this sample lot remained

I
constant throughout the entire Group II Testing.

I 3.2.2 Siemens. The Siemens sample lot completed 480

hoursof Group II Testing before the lot was

stopped because more than 508 of the deviceE

Ifailed. The first failure occurred 160 hours into

the 75 oC-temperature step. Serial number 9501 was

Iremoved from the Group II Testing as a visual

catastrophic failure. (See Table 8.) The last nine

I
failures occurred 160 hours into the 1250C-tempera-

ture step. Serial numbers 9498, 9500, 9502, 9504,

I 9506, 9508, 9510, 9511 and 9512 were removed from

the Group II Testing as visual catastrophic

failures. (See Table 8.) Typical characteristics

of this sample lot's performance were:

r)
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I	
1) The mean value for IR changed

1.73PA from an initial mean of 4.68PA to

a final mean of 2.95uA.

2) The mean value for RV changed .109V

from an initial mean of 6.956V to a final

mean of 7.065V.

The control units for this sample lot remained

constant throughout the entire Group II Testing.

Table 5 of this

of Group II -

for each of the

the measurement

al Semiconductor

3.2.3 Statistical Summary - Group II.

report outlines the results

Temperature Stress I Testing,

electrical parameters and all of

points pertaining to both Gener

and Siemens.

3.3	 Group III - Temperature Stress II

3.3.1 General Semiconductor. The General Semiconductor

sample lot completed the entire 112 hours of Group

III Testing with one catastrophic failures. The

failure occurred 16 hours into the 3000C-tempera-

ture step. Serial number 9461 failed the maximum

I R limit. Typical characteristics of this sample

lot's performance were:

1) The mean value for I  changed

620.54iiA from an initial mean of 63.66uA

to a final mean of 684.2uA.

2) The mean value for B  changed .105V
from an initial mean of 6.920V to a final

mean of 6.815V.

The control units for this sample lot remained

constant throughout the entire GLOup r]I Testing.

0
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	3.3.2	 Siemens. The Siemens sample lot completed 96 hours

I of Group III Testing before the lot was stopped

because more than 50% of the devices failed. The

first two failures occurred 16 hours into the

225 0C-temperature step. Serial numbers 9517

and 9528 failed the maximum I R limit. The next

I
five failures occurred 16 hours into the

2500C-temperature step. Serial numbers 9513, 9524

1	 and 9525 failed the maximum RV limit. Serial

numbers 9516 and 9526 failed the maximum I  limit.

I The last eight failures occurred 16 hours into the

2750C-temperature step. Serial numbers 9514, 9518

and 9519 failed the maximum BV limit. Serial

I	 numbers 9520, 9521, 9522, 9523 and 9527 were

removed from the Group III Testing as visual

I
catastrophic failures. (See Table 8.) Typical

characteristics of this sample lot's performance

I
were:

1) The mean value for I  changed

I	 1.689mA from an initial mean of 2.406uA to

a final mean of 1.69lmA.

2) The mean value for AV changed

.868V from an initial mean of 6.701V to

a final mean of 7.569V.

I
The control units for this sample lot remained

constant throughout the entire Group III Testinq.

	

3.3.3	 Statistical Summary - Group III. 'rable 6 outlines

the results of Group III - Temperature Stress II

Testing, for each of the electrical parameters and

all of the measurement points for both General

I Semiconductor and Siemens.

7
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	4.0	 FINAL DATA SUMMARY

Table 7 statistically summarizes the change in the

mean value from the zero-hour data to the final

I 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

I
of Figures 3 and 5 plot the time step for Group II

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

temperatures T1 and T2 calculated from Figures 2

and 4. Tables 8 and 9 summarize the failures

encountered for all three stress groups. The

Ifailures are separated into two categories:

catastrophic failures in Table 8 and parametric

i
failures in Table 9. The data from Table 8 were

used as a source for the graphs in Figures 2

I
and 4. Figures 2 and 4 were used as a source for

the graphs in Figures 3 and 5, respectively.

Junction temperature is plotted on an inverse

hyperbolic scale.

I	 5.0	 CONCLUSIONS

The testing proved strenuous for both General

ISemiconductor (GSI) and Siemens. In Groups I

and II Testing, both manufacturers were stopped.

although GSI underwent more hours of testing in

each case.

IIn Group II the predo:-,iinant failure mode was

detachment of the cathode 1 ,:!ad. Failure analysis

irevealed that all analyzed samples failed due to

the effects of excess heat. The separation of the

Itubulations was caused by extreme heat acting upon

u
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I
the glass and the metal tube. While the dice of

I	 the GSI devices have been destroyed by alloying

with the metal connecting metal, the Siemens dice

I are still functional and are within end point

limits when tested by external probing of the

die-lidded samples. Possibly this difference

between manufacturers is due to deeper junctions

on the Siemens parts.

Since GSI had only one failure under Group III

Testing, only the Siemens lot underwent failure

analysis. The analyzed samples were subjected to

heat and power beyond their stress limits, which

caused destructive damage to their internal

structures. The protective junction coating has

Ibeen charred, leading to excess leakage. The die

and internal lead attach metal has been melted and

I
the "second nickel" plate used on the dice has

peeled and separated with the connecting bonding

I
metal. In addition, all the dice are shorted

(probably due to "thermal runaway") and two of the

devices have cracks or chip-outs. The die fell out

of one device when it was touched. In summary, the

samples failed due to excessive thermal and

ielectrical stress.

A plot showing the cumulative failure distribution

for Group III was drawn for the Siemens sample

I
lots (Figures 4 and 5) , but because of the visual

catastrophic failures Group II could not be drawn

nor could the GSI sample lot be completely plotted

(Figures 2 and 3). For these same reasons, neither

lot could have its activation energy calculated.

9
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A broken circle around a marked point on the graph

I	 indicates a freak failure not calculated as part

of the regression line. A solid circle around a

marked point indicates an isolated mean failure

I point. The regression line was calculated using

the least squares method.

I
1`e activation energy was calculated from the

formula:

I	 8.63 X	 10 -5 eV/ oK

	

t i	 t	 t

	

Etn t2	 ( T 1 +273 ) _ ` T2+273	
eV

I
Where:	 t1 = step of Group II - Temp Stress 1 = 160 hrs.

t 2 = step of Group 111 - Temp Stress II = 16 hrs.

I T l = temperature in 0  of 16% failure for Group II.

T 2 = temperature in 0  of 16% failure for Group 111.

10
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TA'3LE 1
TEST FVDW DIAGRAM

INITIAL

ELECTRICALI	 TESTS

I	 Per Table 2,

(2)	 OW	 16	 16 ,t

Temperature Step 	 Temperature StepF	 (	 Non-Operating	 Power Stress	 Stress I	 Stress II
f	 Control Group	 T

A
	 25°C	 100 Percent MRP	 100 Percent MAP

Note 3	 Note 4

0.50 MRP

I	 ,

	500 Hours	 TA
	 75°C	 TA = 150°C

INote 1	
t = 160 Hours	 t - 16 Hours

MRP

	

5000Hours	
TA - 100°C	 T  = 175°C

No te 1	 t - 160 Hours	 t - 16 Hours

I	 1.25 MRP	 T 
32
1250C 	 T = 200°C

	

500 Hours	 A	 A

Note 2	
t - 160 Hours	 t - 16 Hours

1.5 MRP

	

500 Hours	 25°C Steps	 25°C Steps

Note

I	 1.75 MRP	 Tq	 300°C	 Tq = 300°C

	

500 Hours	
t = 160 Hours	 t - 16 Hours

I
Note 2

*Quantity per manufacturer (Siemens and General Semiconductor)

NOTES:

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

I2) Electrical measurements per Table 2 were made at 10, 25, 50, 150, 250 and 500 hours.

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

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

17
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I
NOTE

I	 FOR TABLES

4 THROUGH 7

The minimum/maximum initial and final

data generally have an absolute accuracy

of +11 of the reading and + one digit

I	 except for readings greater than 9.99mA

which have an absolute accuracy of +2 ♦

I
of the reading and + one digit. The data

1	 also have a resolution for four digits.

I
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 supplying

I a constant number of significant digits.

19
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FAILURE ANALYSIS

Date	 16 November 1978

J/H 	 2CN242-32 B	 PIN	 1N2970B 	 MFR General Semiconductor

IEnd point	 End point
limits:	 limit:
3.23-10.71	 15mA Max.

PIV IR @ vF @ INITIAL INITIAL
SIN REJ. AT TEST REJ. FOR:

I -volts- 5.2 V. do do SEQUENCE NO.:

@ 370mA

9453 short* m * 11	 (175oC - Lost anode lead
800 Hrs. Tot) & tubulation.

9454 short* m * 09 (150oC- Broken anode
640 Hrs. Tot) lead & seal.

9456 short* * 11	 (1750C- Broken G/M seal
800 Hrs. Tot) open anode lead

*Internal probe measurement.. External lead miss ng.

I

VISUAL INSPECTION

The tubulation and internal lead have fallen out of the glass seal on all three GSI
samples.	 On S/N 9453 the die and its mounting disc have also come loose (see
Figures A-1 and A-2).

I

I

I

I*h FE trace present. Cannot meet stated test conditions.	 (Leaky)
**h FE trace very leaky.

D-drift H=hysteresis Inv=inversion R=resistive S=soft tins=unstable
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FAILURE ANALYSIS
(TEMPERATURE STRESS I)

If
Date	 16 November 1978

J/H
2CN242-32B PIN	 1N2970B	 MFR Siemens

IEnd point End point
Limits: Limit:
3.23-10.71 15mA Max.

PIV
I 	

@ VF @ INITIAL INITIAL
SIN -volts- REJ. AT TEST REJ. FOR:I

5.2 V. do do SEQUENCE NO.
@ 370mA

1 9501 7.2(R)	 * 2.04PA * 03 (75 oC - Broken G/M
160 Hrs. Tot) seal.

1 9506 7.6	 * 0.5uA * 07 (1250C- Lost anode
480 Hrs. Tot) lead

0510

J
6.8	 * 1.0uA * 07 (1250C- Lost anode

480 Hrs. Tot) lead

j
F

* External lid missing or ope .	 Readings are in rnal probe measure nts.

VISUAL INSPECTION

The tubulation has broken loose and internal wire lead has broken off on all three
Siemens samples (see Figures A-3 and A-4).

I

I

I

I

'*
h FE trace present. Cannot meet stated test conditions.	 (Leaky)

**h FE trace very leaky.

ID=drift H=hysteresis Inv=inversion R=resistive S=soft Uns=unstable
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FIGURE. A-1
S/N 9454, Typical Visual Defect of CSI Device, 3.3X.
Tubulation and internal lead wire have broken loose.

FIGURE A-2
S/N 9453, GSI Sample, 5X.

The tubulation and internal lead are missing;
die and its mounting disc are loose.
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FIGURE A-3
S/0 9506, Typical Visual Def`rt of Siemens Device, 3.3X.

The tu6ulat1on and internal lead
wire have broken loose.
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CONCLUSIONS

All these General Semiconductor and Siemens

samples have failed due to the effects of excess

heat. The separation of the tubulations is caused

by extreme heat acting upon the glass and the

metal tube. While the dice of the GSI devices have

been destroyed by alloying with the melted metal,

the Siemens dice are still functional and within

end point limits when tested by internal probing

of the de-lidded samples. Possibly this difference

between vendors is due to deeper junctions on the

Siemens parts.

mr

I

32



f



0k; NAN
FAILURE ANALYSIS

Date	 8 May 1978

J/q	 2CN242-32C	 p fN	 1N2970	 RFR	 Siemens

Max - 150PA	 Lim-6.46/7.14

PIV
I 
	 @ V 

	 @ INITIAL INITIAL
SIN -volts- REJ. AT TEST REJ. FORS

5.2V. dc 370mA do SEQUENCE NO.:

95:5 -- open open 07 (CAT)

9517 -- 701M(R) can't measure 09 CAT
unstable

9528 -- shorted shorted 09 CAT

INTERNAL VISUAL INSPECTION	 All three samples have separated between the internal wire lead
and the die due to peeling of the die nickel plate layer.	 The silicone junction coatings
are charred and cracked. 	 S/N 9515 has a cracked die and 9517 die has a chip-out where the
internal lead was formerly attached (see Figures B-1 through B-3).

CONCLUSIONS	 These samples were subjected to heat and power beyond their stress limits,
which has caused fatal damage to their internal structures.	 The protective junction coating
has been charred, leading to excess leakage. 	 The -iie and internal lead attach metal has been
melted and the "second nickel" plate used on the dice has peeled and separated with the
connecting metal.	 All the dice are shorted (probably due to "thermal runaway") and two of
them have cracks or chip-outs. 	 The die fell out of SIN 9528 when touched.	 In summary, the
samples failed due to excessive thermal and electrical stress.

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

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

34
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OF

AM
FIGURE B-1

S/N 9515, Lead Attachment Separation Due
to Peeling Nickel Plate, Siemens, 5X.

i
The silicone junction coating is charred and cracked.

i l k •

FIGURE B-'
S/N 9515, Siemens Die Surface, 10X.

Top die surface showing complete preparation
of the upper bonding layer, charring and cracking

i

of the junction coating. Note: Die is cracked.
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