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PREFACE 

The work described in this report was performed by the Parts Evaluation Laboratory 

section of the McDonnell Douglas Astronautics Company-St. Louis (MOAC-St. Louis) 

Engineering Reliability Department during the period between June 1976 and November 

1978. This work was performed for the USAF Rome Air Development Center under 

Contract Number F30602-76-C-0335. The work conducted was directed by Captain Donald 

T. McCullough of RADC. 

Significant technical contributions were made by rtessrs. Gordon Johnson, Gary 

Keller, Michael Roberts, and Edward Sisul of tSe MDAC-St. Louis Engineering Reliability 

Department. 
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EVALUATION 

This effort was designed to evaluate the reliability of a cross section 

of the CMOS family of digital Integrated circuits as procured to the require* 

ments of MIL-STD-383. The high temperature (250oC) lot acceptance test 

(Method 5005.3) specified In that standard was also evaluated. 

During the course of the study, a failure mechanism Involving dendritic 

metal growth along the glass seal of one of the package types was found. The 

CMOS devices showed considerable let to lot variation. No way was found by 

the contractor to predict the poor reliability behavior of some lots prior 

to the life test. No correlation was found between specific failure modes 

and the apparent activation energies. Surface mechanisms accounted for 74% 

of the failures however. 

RADC Is continuing the research on accelerated testing techniques to 

isolate possible test Induced failures and to look for other accelerating 

factors such as applied voltage. The CMOS devices In this effort were 

operated at their maximum rated voltages. However, In actual use conditions, 

they are normally operated well below their maximum voltage ratings. The 

field failure rate data are much better than the results of this t»st would 

lead one to expect. 

The contractor concluded that the high temperature Lot Acceptance Test 

specified in MIL-STD-883, Method 5005.3, is approximately 50t effective as 

a method of screening for device and lot reliability. Since that offers a 

no better than random chance of selecting a good lot, the contractor states 

that more information is needed for a lot acceptance test. 

ix 
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The principal failure mode was excess drain to source leakage current, 

Iss.    The secondary failure mode concerns the glass seals that many different 

manufacturers use In their packages.    This type package often failed due 

to hermetlclty loss after the temperature cycling associated with life tests. 

Pin-to-pin shorts occurred due to metal dentrltlc formations In the glass. 

The contractor concluded that lead was precipitating out of the glass 

following reduction of the lead oxide constituent. 

This contract achieved Its goals, but Introduced some serious questions 

about the accelerated test as a predictor of technology reliability.   CMOS 

devices do seem to have a slightly lower reliability than bipolar devices 

for small scale integrated circuits.    There is no solid evidence that this 

is true for LSI however. 

DONALD T. McCULLOUGH. Capt, USAF 
Project Engineer 
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1.0 INTRODUCTION 

The CMOS technology, due to Its inherent low power dissipation and high 

noise immunity, offers many benefits to mnitary electronic systems in terras 

of reduced size, weight, and power consumption. However, previous life tests 

of a single CMOS device type conducted at riDAC-St. Louis and funded by RADC 

and NASA-MSFC have shown the failure rates due to surface effects of the CMOS 

devices were several orders of magnitude greater than that of bipolar digital 

devices. These life tests were limited to a single CMOS device. 

The objective of this program was to evaluate the reliability of a 

cross-section of the CMOS family of digital microcircuits. Included in the 

evaluation were: a) device electrical characterizations, b) analyses of 

device physical characteristics, c) determinations of device thermal character- 

istics, d) high temperature accelerated test studies of device aging character- 

istics, e) high temperature (2508C) Lot Acceptance Test Studies, and f) 

MIL-STÜ-8Ö3, 12b0C Life Test. Results of the evaluations provided information 

related to the followiriy: 

a) The acceptability of CMOS devices for MIL-M-3Ö510 Class S applications. 

b) Failure mechanisms at elevated temperatures and 1250C use-temperatures. 

c) Failure distributions at accelerated test conditions. 

d) Arrhenius model parameters and failure rates. 

This report provides a general description of the overall program and 

presents the results of tests and evaluations performed throughout the program. 

Also included in this report are the results of failure analyses and data 

evdludtions performed for the CMOS microcircuits. 



2.0    PROGRAM DESCRIPTION 

The overall CMOS Life Suitability Evaluation Program is depicted in 

Figure 1.   A total of 4 device types from two manufacturers each were included 

in the program.   The specific CMOS device types and manufacturer codes are 

shown in Table 1.    A minimum of 330 devices of each manufacturer's microcircuit 

type were procured in 3 different lots (different wafer runs and different 

packaging runs), two lots of 130 devices minimum and one lot of 70 devices 

minimum.    The 4001 and 4013 device types were procured to the electrical 

requirements of the JEDEC Specification for B Series CMOS (JEDEC STD. No. 11). 

The 4008 and 4017 device types were procured to the MIL-M-38510 electrical 

requirements.    All device types were procured to MIL-STD-883 Class B, or 

equivalent, processing requirements, with the exception of the burn-in test 

which was not perfomiect.    Upon receipt at MDAC-St. Louis, all devices were 

subjected to an external visual examination, and electrical tests.    The 

electrical testing consisted of MIL-M-38510 Group A dc tests (or similar tests 

based on the JEDEC Specifications as applicable) performed at ambients of 

250C, -550C and 1250C.    Dynamic testing per the applicable MIL-M-38510 Specifi- 

cation was also performed on a pass/fail basis for all Lot C devices intended 

for the 250 hour, 25ü0C Lot Acceptance Test.    However, where a high percentage 

of devices did not meet the MIL-M-38510 parameter limits, the end-point limits 

were adjusted, as required, to obtain an adequate number of devices for 

accelerated life testing. 

Subsequent to performing the initial examinations and tests, acceptable 

devices were allocated, by serial number, to test groups. Device allocation 

for each manufacturer's device type is as shown in Table 2. 

A total of nine devices of each manufacturer's device types were allocated 

for construction analysis.    These analyses were destructive physical analyses 

to determine construction methods, manufacturing process techniques and 

workmanship used in the fabrication of devices.    Results were used to predict 

potential reliability problems, to determine possible accelerated life test 

limitations due to materials used in device fabrication, and to facilitate 

subsequent failure analyses. 
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TABLE  1.     CMOS HICROCIRCUIT TYPES 

SPECIFICATION 
REFERENCE* 

JEOEC SPECIFICATION 
FOR B SERIES CMOS & 
M1L-STD-883 

JtDEC SPECIFICATION 
FOR B SERIES CMOS & 
H1L-ST0-883 

M38510/05401 BtC 

M38510/05601 BEC 

COMMERCIAL 
PART NO. & 

PACKAGE 

4001 8 
U PIN DIP 

4013 8 
14 PIN DIP 

4008 
16 PIN DIP 

4017 
16 PIN DIP 

DEVICE TYPE 

QUAD 2-INPUT 
NOR GATE 

DUAL D-TYPE 
FLIP FLOP 

FOUR-BIT FULL 
ADDER 

DECADE 
COUNTER/ 
DIVIDER 

MANUFACTURER 
CODE 

A 
B 

* ALL MICROCIRCUITS SCREENED TO MIL-STO-883, CUSS B MINUS THE BURH-IN. 

TABLE 2. DEVICE ALLOCATION 

NO OF DEVICES 
1  i 

LOT A LOT B LOT C   i 

| Construction Analysis 3 3 3 
Initial Device Studies 

Circuit Evaluation & 
Thermal Studies 2 2 2 
Formal Step Stress 10 10 10 

RADC Evaluations 5 w 5      ' 
i Lot Acceptance Test 40      1 
1 MIL-STD-883 1250C Life Test 20 20 0 

Accelerated Life Test #1 40 40 
1 Accelerated Life Test #2 40 40 m 

Control Sample - 5      1 

m 



The initial device studies, performed with thirty-six devices of each 

manufacturer's device type, were prerequisites to performing the accelerated 

life tests. These studies included development of bias circuits for acceler- 

ated life tests, step-stress tests and thermal resistance measurements for 

computing device junction temperatures at anticipated life test temperatures. 

The high temperature tests performed with 240 devices of each manufac- 

turer's device type consisted of: a 250 hour, 250oC Lot Acceptance Testi 

a MIL-STD-883, 1250C, 4,000 hour life test, and two 4,000 hour accelerated 

life tests at ambient temperatures of 250oC and one other temperature above 

200oC (as determined from bias circuit evaluations). The data from these 

tests provided information about device failure mechanisms, failure distribu- 

tions, and life acceleration factors. The Lot Acceptance Test was conducted 

for 250 hours. The long term life tests were conducted for 4,000 hours or 65% 

failure, whichever occured first. Interim electrical tests were performed on 

life test devices after cool-down to room temperature with bias applied. These 

measurements consisted of cic electrical tests at 250C which were performed at 

the Intervals shown in Table 3. Test subgroups are defined in Appendix B. 

Unless otherwise directed by the Project Engineer, all devices that failed an 

Interim Test were removed from the life test and subjected to failure analysis. 

At the conclusion of each life test, surviving devices were suDjected to the 

same set of dc electrical tests performed prior to life testing. 

A control sample of each manufacturer's device type (five 4Ü01B, five 

4013B, four H3851Ü/Ü5401. and four M3651Ü/Üb6ül) was subjected to electrical 

testing each time the test devices were subjected to Interim or Final Electri- 

cal Tests. The purpose of the control sample was to provide a check on the 

lung term stability of the automated test equipment. 

f  s 
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TABLE 13. SCHEDULE OF ELECTRICAL MEASUREMENTS 

TEST DURATION 
HOURS 

2S00C 250 HRS LOT ACCEPTAHCE TEST ACCELERATED LIFE TESTS «L-STM83TEST        1 

MIL-9H85I0 SUBGROUP IIL-M-3S510 SUBGROUP lltL4^3S510 SUBGROUP     | 

Al, A7 A2 A3 M-A8 Al, A7 A2 A3 Al, A7 A2 A3    I 

'             0 X X X X X X X X X X     1 
4 
8 

16 

32 
84 

120 X X X X X X X X 
250 X X X X X X X X X 

500 X 
1000 X 
2000 X 
4000 
6000^ 

X 

X 

X 

X 

X 

X 

X 

X 

X x    1 
A\   THE TEST DURATION WAS EXTENDED TO 6,000 HOURS FOR SELECTED 4001 AND 4013 

CELLS. 

% 



; 

f 

T 
I \ 

I 

3.0 RESULTS OF PRE-LIFE TESTS AND EVALUATIONS 

3.1 EXTERNAL VISUAL EXAMINATIONS AND HERMETICITY TESTS 

Upon receipt at W)AC-St. Louis, all devices were examined for conformance 

to purchase order requirements for device type, package style, lead finish, 

and marking. Each device was examined at 3X magnification for evidence of 

gross damage to package, package seals, and leads. These visual examinations 

revealed varying degrees of shipping damage to the Manufacturer A and Manufac- 

turer C Cerdip packages, misaligned lids on the Manufacturer B packages, and 

I       lack of lot identification on 288 Manufacturer A devices. Details of these 

findings and the actions taken are as follows: 

a) Shipping Damage - The damaged Cerdip packages were shipped in plastic 

rail containers. Eleven (three Manufacturer C's 4013B, four Manufac- 

turer C's 4008, and four Manufacturer A's 4017) devices had separated 

at the glass frit seal as shown in Figure 2, and eleven devices had 

portions of the ceramic package chipped away. Typical examples of 

chipped packages are shown in Figure 3. This type of damage was 

duplicated in the laboratory by dropping full plastic shipping rails 

on their ends. Since the extent of any minor damage to package seals 

was unknown, all Manufacturer A's devices were returned for replace- 

ment. Replacement Manufacturer C devices were not available, and all 

devices in each damaged shipment were subjected to hermeticity tests 

per MIL-STD-883 Method 1014.1, Conditions Al and C2. All devices 

passing the hermeticity tests were considered acceptable for life 

testing. 

b) Misaligned Lids - The Manufacturer B microcircuits were packaged in a 

white ceramic dual in-line package. This package has a full metal 

lid which was not properly aligned in all cases during the final 

sealing process of the devices.  Packages with misaligned lids 

created a possibility of having nonhermetic devices in life test, 

therefore, hermeticity tests were performed on the Manufacturer B 

devices. 



FIGURE 2. CERDIP PACKAGES BROKEN TN SHIPPING CONTAINERS 

FIGURE 3. CERDIP PACKAGES CHIPPED IN SHIPPING CONTAINERS 
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c) Lot Identification - Manufacturer A supplied 228 HIL-M-38510/05601 

(4017) devices without proper lot Identification markings. These 

were returned to the manufacturer, and replacement devices were 

obtained. 

A summary of the visual inspection and hermetlclty test results Is 

provided in Table 4. Replacement devices for visual rejects are Included In 

the number of devices available for visual inspection found in Table 4. 

3.2 BASELINE ELECTRICAL PERFORMANCE TEST 

All devices surviving the initial visual inspection and hermetlclty tests 

were subjected to electrical performance tests at 250C, 1250C, and -550C. The 

dc electrical tests for the 4001B and the 10138 devices were based on a 

proposed MIL-M-38510 slash sheet dated September 1976 and the JEDEC Standard 

Specification for Description of "B" series CMOS devices. The dc electrical 

tests for the remaining two devices were initially established as those 

contained in MIL-M-38510/05401 and MIL-M-38510/05601. The Lot C dynanic tests 

were the applicable MIL-M-38510 Group A test subgroups 4, 8, 9, 10 and 11. 

Some of the MIL-M-38510 parameter limits were subsequently relaxed to obtain a 

sufficient number of "good" devices for life testing. A high percentage of 

the 4008 devices failed to meet the initially established test limits for the 

Iss, Iti 09 tPHL' ancl ^e  VLH Parameters» an^ ^^17 devices failed to 
meet the limits for !.„, 1.., and l„.    Therefore, these parameter 

limits were revised as shown in Table 5. Complete details of the electrical 

test conditions and limits used for testing each device type are contained In 

Appendix B. 

Results of the initial electrical testing using the revised test limits 

as contained in Appendix B can be found in Table 6. During initial test all the 

MIL-M-38510/Ü5601 devices failed the set-up time test {TSHL) at 125
0C. Since 

these tests were only perfonned on the Lot C devices, these test failures were 

ignored and the devices subjected to subsequent tests. Later, In conjunction 

with RADC, the test fixture was re-examined and found to be defective for 

this particular test. The Lot C test survivors were then retested and all 

devices passed. Parametric data taken at 250C for each manufacturer's device 



TABLE 4. INITIAL INSPECTION AND HERMETICITY TEST RESULTS 

w 

COMMERCIAL 
{ PART NO. 

MANU- 
FACTURER 

VISUAL INSPECTION HERMETICITY TEST 
TOTAL 
NO. 
FAILED 

DEVICES 

TOTAL 
NO. 

ACCEPTABLE 
DEVICES 

NO. 
INTO 
TEST 

NO. 
FAILED 

FINE LEAK 6R0SS LEAK 

NO. INTO 
TEST 

NO. 
FAILED 

NO. INTO 
TEST 

NO. 
FAILED 

j 4001B A 360 1 NOT RE QUIRED 1 359 

i 4001B 
1 

B 330 3 74 0 74 4 7 323 

' 4013B B 330 10 
1 

NOT REQUIRED 10 320  j 

1 4013B C 330 8 126 1      125 7 16 314 

! 4008 C 330 4 196 1 195 23 28 302 

: 4008 Ü 323 1 NOT REQUIRED 
1 

1 322  ! 

; 4017 A 720 361 
1 

NOT REQUIRED 
1 

361 359 

' 4017 

1 
D 330 2 

1 
NOT riEQUIRED 

1 
2 328 

10 
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TABLE 5. REVISED MIL-M-38510 PARAMETER LIMITS 

MIL-M-38510 
SLASH SHEET SYHBOL TEST 

HO. 

1 
MIL-M-38510 

LIMIT 
REVISED 
LIMIT SUBGROUP UNITS 

MIN MAX MIN MAX 

05401 'ss 19-46 ... -0.5 ... -10.0 «A 
1 

'ss 19-46 ... -5.0 -10.0 uA 

'iLZ 
16-124 ... -45 

i 
—   -150 nA 

tPHL 62-173 100 2250 80     2250 11 ns 

tPLH 78-189 100 2900 90     2900 ns 

1 
150     4350 

i 
130   ' 4350 10 ns 

100     2900 80   ,2900 11 ns 

05601 'iH 1-3 —      1.0 

|            j 
—  ; lo.o nA 

'iH 1-3 —     10.0 i   ...   1100 nA 

'iH 1-3 —     1.0 I   —    '10.0 nA 

'iL 4-6 —     1.0 —     10.0 
1 

nA 

'iL 4-6 
1 

—   jio.o ...  hoo 
i                  i 

nA 

'iL 4-6 -   ;i.o 
i 

, —   jio.o nA 

'ss 14-15 ... 500 ...     5000 nA 

'ss 14-15 —- 5 1- 100 

1 
«A 

11 



TABLE 6.    INITIAL ELECTRICAL TEST  RESULTS 

\ 

I1Ä 

DEVICE NFR LOT 
zst USX -558C           ' TOTALI 

FAILEOJ NO. TESTED FAILED NO. TESTED FAILED NO. TESTED FAILED1 

4001 A 144 0 144 144 1 

143 0 143 143 0 

72 0 72 72 0 

4001 B 126 0 126 126 0 

130 1 130 130 1 

67 0 67 67 0 

4013 c 118     ! 2 118 118 1 

128 0 128 128 2 

68 1 68 68 1 

4013 B 123 2 123 123 0 

127 1 127 127 1 

70 0 70 70 0 

4008 C 129 5 129 129 0 

in 2 111 111 1 

61 1 61 « 61 0 

4008 D 130 4 130 130 5 

123 1 123 123 0 

69 4 69 1 69 0 

4017 A 141 2 141 141 10 14 

UO 8 140 140 7 

69        | 0 69 oA 69 1 ! 
4017 D 129       | 1 129 129        j 2 •       1 

127 2 127 127 3 

67 1 67 TA 66        i 1 •       1 

1 1 
,       J 

12 
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\ 

type Is shown In Tables 7 through 10. These tables provide parameter limits, 
a computed mean value of the parameter for all devices meeting the revised 
specification limits, and a computed standard deviation of the measured para- 

meter values. Examination of the electrical test data revealed only minor 
deviations In parameter values between different manufacturers except for the 
dynamic tests and the 4001 and 4013 negative clamp diode (VTC-) parameters. 
The difference between manufacturers In the dynamic parameters can be attributed 
to Individual device capacitance and Internal lead length. The difference In 
the negative clamp diode parameters can be attributed to the difference 
between manufacturers In designing Input protection networks. Figure 4 shows 
the Input protection networks for the devices in this program. There were 

also marked differences between parameter values In different lots of the same 
manufacturer. The VQ. , parameter of both manufacturer's 4013 devices varied 

by lot. Lots B and C of Manufacturer B's 4013 devices also exhibited slightly 
larger Iss currents than Lot A. Likewise, Lot A of Manufacturer C's M38510/ 
05401 (4008) devices, Lot C of Manufacturer D's M38510/05401 (4008) devices, 
and Lot A of Manufacturer A's M38510/05601 (4017) devices exhibited larger 

Iss mean values than the devices in other lots from the same manufacturer. 
The construction analyses indicated no anomalies between lots that would 

account for these differences in parameter values. In the subsequent life 
tests, the 4013 devices did not exhibit VQ. . failures or a major degradation 
in the V».. parameter values. The lots of 4008 and 4017 devices which 

exhibited larger Iss values did result in a larger proportion of failures 
due to this parameter. This would indicate that the difference In number of 

failures due to this parameter was the probable result of lot to lot variations 
in the distribution of parameter values rather than a difference In the 

acceleration factors. 

3•3 MICR0CIRCU1T CONSTRUCTION DETAILS 
A destructive physical analysis of three devices from each lot of each 

manufacturer's device type was performed to determine the materials, construc- 
tion iik'hods, process techniques and quality of workmanship used In device 
fabrication. With the exception of the Manufacturer A MIL-M-38510/05601 

(4017) devices, no construction features, anomalies or construction differences 

13 
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40018 MANUFACTURER A 

PINS 2. S, 8.9 
t.6,12.13" 

—wVvA-i I. 

-voo 

-TO GATE 

-VSS 

40018 MANUFACTURER B 

PINS 1,6,8,13- 

VOO 

TOG/KTE 

"YsS - •*■ 

HNsa.r,9,:2—-4—VVVA-H ►• TO GATE 

MIL-M 38S10/0S401 (40081 MANUFACTURER D MIL-M 38510/05401 MANUFACTURER C 

-« VD0 

ALL INPUTS 4-VW--I ^—TO GATE 

;:  
• Voo 

ALL INPUTS' JEBr 
—4—vw—(i— 

• Vss 

-TO GATE 

-Vss 

40138 MANUFACTURER C 

PINS3.4,6.8.10.1 
; >: 

T.- 

♦-"» 

M ;: 

—*-WVA-4—*_vVA-*- 

 ;: 

-V0D 

-TO GATE 

-Vss 

-V0o 

40138 MANUFACTURER B 

ALL INPU 

I Vss 

TO 
"GATE 

MlL-M-38510/05601 (40171 MANUFACTURER A MILM-38510/0S6O1 (4017) MANUFACTURER 0 

Voo 

PINS 13.14. IS       4   WV-H H—TO GATE 

-VQO 

-vss 

PINS 13 

PINS 14. IS 

TO GATE 

FIGURE 4, DEVICE INPUT PROTECTION NETWORKS 
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I 

were noted between the three lots of each manufacturer's device type. The 

chip surface of the Manufacturer A's Lot B and Lot C 4017 devices contained 

the Identification number 5KF-A, while the Lot A devices contained the identi- 

fication number 15KF. Other than this difference, the metallization and 

diffusion patterns in all three lots appeared identical. A summary of the 

major construction features noted in each device type is shown in Table 11. 

Complete results of these analyses, including schematics and chip topoyraphy 

are contained in Appendix A. 

Certain construction features that could impact life test results were 

noted in some of the manufacturer's device types. These included: a) Manufac- 

turer B's package lead seal, b) Manufacturer A's wafer scribe technique, and 

c) Manufacturer D's die attach technique. The Manufacturer B ceramic/ylass 

packaye with metal top and bottom is more susceptible to cracked lead seals 

during temperature cycling than the other packages Llj. Consequently, the 

inherent temperature cycling due to installing/removing devices for electrical 

testing during lift testing could result in cracked lead seals and loss of 

heniieticity. This manufacturer had 92 4001 device failures which were leak 

tested and of the 46 leak test failures 27 or 58% were attributed to cracks in 

the package. 

The Manufacturer A die was laser scribed which could result in a build-up 

of silicon material at the scribe. This build-up of silicon increases the 

suspectibllity of devices to fail due to wire-to-die shorts. Molten silicon 

could also be splattered on the die surface and be a contributing factor to 

device failures. No evidence of laser scribe debris was observed on the 

surface of the devices examined. However, five of this manufacturer's 

devices did fail during accelerated life tests due to wire-to-die shorts 

caused by hillocks from the laser scribing. 

*       'it 

11 

The Manufacturer D die is attached to the header with epoxy, and long-term 

exposure to high temperature can degrade the integrity of the die bond. There 

Is also a danger that moisture in the epo*y can be released during high 

temperature exposure and be a contributing factor to device failures. Some of 

19 
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the failure mechanisms exhibited by this manufacturer's devices could have 

been accelerated by moisture released from the epoj^« . 

Seventy-three devices were subjected to Gas Mass Spectrometer Analysis. 

This analysis was performed by RADC and the percentage of water vapor content 

found within the devices Is shown in Table 12. A water vapor content average 

of 3.0% was noted within the Manufacturer B 4013B devices while the Manufac- 

turer C 4013B devices exhibited no traces of water. The life test results 

were inconclusive in detennininy the relationship between surface related 

mechanisms and water vapor content. 

3.4 BIAS CIRCUIT EVALUATION 

Short term hiyh temperature tests of two devices per lot of each manufac- 

turers' device type were conducted to evaluate candidate bias circuits. The 

circuit evaluations were performed to verify that the followiny conditions 

existed: 

a) That iiiaximurn rated voltaye could be maintained across the device with 

miniiiial current at the accelerated test temperature. 

b) That no abrupt chanye in output voltaye state occurred over the 

anticipateo ranye of life test temperatures, and 

c) That thermal runaway did not occur at the maximum life test temperature. 

Results of the bias circuit evaluations were as follows: 

3.4.1 40ülb Circuit Evaluation - The results of evaluatiny three 4UÜ1B 

candidate bias circuits (A, b, and C) over the teuperature ranye of 12$% 

throuyh 27b0C are shown in Fiyure 5. Each of the candidate bias circuits 

evaluateu for the quadruple two-input NOR yate met the conditions stated 

above. Candidate Circuit A connecteu all inputs to VUD, Circuit C connected 

all inputs to Vs. , and Circuit B connecteu one input of each NUK yate to 

VUD and the other to V^. An equal number of positive and neyative 

voltaye yate oxiüe stresses was desirable in the CMOS devices, therefore, 

canuidate Circuit B was selected for life test. The outputs of all NOR yates 

are low in this selection. 

21 
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TABLE 12. WATER VAPOR CONTENT - % 

DEVICE NO. X 1 

MAKUFACTURER TYPE LOT TESTED AVERAGE RANGE 

A 4001B A 1 1.3 1.3 

B 3 1.9 1.0 - 3.0 1 

C 3 2.7 1.8 - 3.6 

B 4001B A 5 2.0 0.5 - 3.6 

B 5 0 0    1 
C 3 0 0    j 

4013B A 2 3.0 2.3 - 3.7 

B 5 0 0   I 
C 3 0. 0-0.2 

C 4013B A 5 0 0    | 

B 4 0 0 

C 5 0 0 

MIL-M-38510/ A 5 0. 0-0.8 

05401 B 5 0.2 0 - 1.0 

(4008) C 5 0 0 

D MIL-M-38510 A 4 0. 0.2 - 0.4 

05401 B 5 0. 0.1 - 0.3 

(4008) c  1 5 0. 0.1 - 0.3 

NOTE:    MIL-M-38510/05601  (4017) DEVICES WERE NOT  INCLUDED IN THE ANALYSIS 

11 
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PREFERRED CIRCUIT 
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2039 
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211 

637 

Average Iss values of six devices - two devices from each of three lots. 

FIGURE 5. 4001B CANDIDATE BIAS CIRCUITS 
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3.4.2 4013B Circuit Evaluation - The results of evaluating three 40138 

candidate bias circuits (A, B, and C) over the temperature range of 1250C 

through 2750C are as shown in Figure 6. No appreciable difference between the 

candidate bias circuits was observed. The selected bias circuit. Candidate B, 

provided a high voltage level at the Q outputs. For this output condition the 

reset input was connected to VDD and all other inputs are connected to 

ground. In each of the candidate bias configurations one-half of the device 

transistors were biased on, and none of the circuits has an advantage over the 

other, therefore. Circuit B was selected. Although the Manufacturer C devices 

drew excessive current in each of the candidate circuits at the maximum 

temperature of 2750C, a 250oC life test temperature was considered safe. The 

onset of the excessive current condition was not observed until 2650C. 

3.4.3 MIL-M-38510/05401 (4008) Circuit Evaluation - The results of the 4008 

circuit evaluation tests are shown in Figure 7. These results indicated no 

significant difference in each of the three candidate bias circuits (A, B, and 

C). In each circuit the output voltages remained stable while the input 

currents were approximately equal. Circuit C with one modification was 

selected as the bias circuit for step-stress and life testing, since the 

mooified Circuit C (Figure 8) provides all possible voltage stress combinations 

on the input stages of the adders. 

Since both manufacturer's devices exhibited excessive current at 2750C, 

the maximum life test temperature was limited to 250PC. At 200oC, one Manufac- 

turer D Lot A device did draw approximately three times the current of the 

other five devices on test and exhibited failed Iss and V0H parameters 

after cool-down to room temperature. However, analysis of this device indica- 

ted that the failed parameter values were not the result of excessive stresses 

induced by the bias circuit. 

3.4.4 MIL-M-38510/05601 (4017) Circuit Evaluation - The results of the 4017 

candidate bias circuit evaluation test are shown in Figure 9. Three candidate 

circuits (A, B, and C) were evaluated and the output voltage levels remained 

stable over the temperature range of 250C to 260oC in each of the three 

circuits. However, Circuit A is the only circuit that provides control over 
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the output logic levels. Output control Is established in Circuit A by 

placing the reset input at +15 VDC (Logic 1). In circuits B and C, the reset 

input is grounded (Logic 0), and the logic levels of the outputs are not 

controlled. Thus the output logic levels appear in a random fashion upon 

application of device voltages. Since it is desirable to have voltage stress 

conditions on all devices that are repeatable after each set of electrical 

measurements. Circuit A is the only acceptable circuit. The maximum tempera- 

ture at which devices could be safely operated in Circuit A was determined 

from the device current (Iss) - temperature characteristics. At ambient 

temperatures of 250oC and below, device current averages were below 4 mA. 

These current levels were considered acceptable. However, above 270oC the 

Manufacturer A devices experienced thermal runaway. Thus, the maximum life 

test temperature was limited to 250oC. 

3.5 STEP STRESS TESTS 

After the selection of a bias configuration, 30 devices (ten per lot) of 

each manufacturer's device type were subjected to step stress testiny. These 

tests were perforwed to further evaluate the bias confiyurations ami to obtain 

additional data on device failures for the final detenuination of accelerateo 

life test conditions. Each manufacturer's devices were operated in the 

selected bias confiyuration for 16 hours in a test oven at 17b0C. After 16 

hours of operation at 17b0C, devices were allowed to cool-down under bias, anil 

electrical testiny was performed at 250C. Surviviny devices were returned to 

test at an ambient temperature of 2UÜ0C for an additional 16 hours of opera- 

tion. This sequence was repeated in 2b0C increments until a temperature 

of 27b0C was reached, or until all surviviny devices experienced thermal 

runaway. A sunimary of the step stress test results fur all device types is 

shown in Table 13. Brief discussions of the test results for each oevice type 

are provided in the followiny parayraphs. 

T 

3.5.1 4üüm Step Stress Results - A total of ten (four Lot A, six Lot B, and 

^ero Lot C) hanufdcturer A 4ÜÜ1BS failed duriny the step stress test. Nine of 

the failed devices exhibited excessive I., due to a bake recoverable surface 

instability mechanism. One device failed ' , y .,  and VÜH and the 
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TABLE 13. STEP STRESS RESULTS 

- «wr Ttre 
MANUFACT- 

URER LOT 

CUMULATIVE NO. OF FAILURES                           1 

"5ÄC/ 
16 HR 

200oC/ 
32 HR 

225^/ 
48 HR 

250oC/ 
64 HR 

2750C/    1 
80 HR 

4001« A 1 1 1 1 

0 0 0 3 

0 0 0 0 

B 0 0 0 
1 device ^\ 

0 0 0 0 

0 0 0 0 'A 
40138 C 1 1 1 2 

0 0 0 0 

2 2 2 2 

B 0 0 0 0 

1 1 1 2 

0 0 0 0 

4008 C 

8/SN 

0 

0 

•.A 
0 

1 

0 0 

Ä 
0 0 0 0 

0 0 0 0 0 

4017 A 

0 

0 

0 

1 

0 

0 
'A 
0 

1 

1 

0 

1 

A 
0 0 0 0 0 

0 0 0 0 0 

9 0 0 0 ^A A* 

  

0 

1 

0 

2 

0 

9 

0 

10 10 Al 

TEN DEVICES PER LOT INTO TEST. 

A DEVICES DREW EXCESSIVE CURRENT, TEST TERMINATED, 

A DEVICES INADVERTENTLY REMOVED FROM TEST. 

HEIGHT DEVICES INTO TEST. 

A FAILED DUE TO TEST ANOMALIES. 
DEVICES DREW EXCESSIVE DRSENT/ 
TEST PEKFORMED AT 260oC. 

30 

L 
- - ■ -  ,-., >>A... >. ..-^^..-^^ -.,-,.,-   M-3j-»,'B-^iii 

—. ....- 



mm 

cause of failure was not determined. A total of eiyht (six Lot A, zero Lot B, 

and two Lot C) Manufacturer B 4ü01Bs failed duriny the test. The two Lot C 

failures and one of the Lot A failures were due to melted or migrated open 

metallization caused by test anomalies. The remaining five Lot A failures 

exhibited excessive Iss due to a bake recoverable surface instability 

mechanism. 

All of the lots were considered to be a typical production lot, however, 

based on failure rates shown in Table 13, the Manufacturer A Lot C and the 

Manufacturer B Lots B and C were expected to, and did exhibit better aging 

characteristics than the other lots during life testing. In addition, none of 

the lots exhibited a high percentage of failures at the 250oC step. Therefore, 

life testing at 250oC with an initial measurement point at four hours was 

considered reasonable. 

3.5.2 4013b Step Stress Results - A total of six (two Lot A, two Lot B, and 

two Lot C) Manufacturer C devices failed duriny step stress test. All failea 

devices exhibited excessive Iss of which four (two Lot A and two Lot B) 

failures were attributed to bake recoverable surface mechanisms. Tne two Lot 

C device failures were due to a deyraded drain junction in a n-channel transis- 

tor caused by a mask misalignment. A total of three (zero Lot A, two Lot B, 

and one Lot C) Manufacturer B devices failed duriny step stress. All three 

devices exhibited excessive Iss which was attributed to a bake recoverable 

surface related mechanism. 

None of the lots exhibited abnormal failure distributions, and 2bü0C was 

considered a reasonable maximum life test temperature. 

3.5.3 MIL-M-38510/05401 (4008) Step Stress Results - One Manufacturer D (Lot 

B) device failure was noted during step stress evaluation, and the single 

failure was due to excessive KM,. The failed I.„, parameter was attri- 

buted to bulk degradation of an input protection diode due to electrical 

overstress caused by a defective test fixture. 

No failures occurred in the remaining Manufacturer D (Lot A and Lot C) 

and Manufacturer C (Lot A, Lot B, and Lot C) devices duriny step stress 
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evaluations. However, the devices did draw excessive current at 2760C, and 

the maximum life test temperature was limited to 250oC. 

3.b.4 MIL-W-38510/05601 (4017) Step Stress Results - One Manufacturer A (Lot 

A) device failure was noted duriny step stress evaluation. This device failed 

an Iss parameter which was founü to be due to a bake-recoverable surface 

instability mechanism. 

Fourteen Manufacturer D (four Lot A, zero Lot B, and ten Lot C) devices 

failed duriny step stress evaluatior.. Nine of the Lot C devices failed an 

Iss parameter and like the Manufacturer A device, t',iese failures were due to 

a bake recoverable surface instability mechanism. One Lot C device which 

failed Vü(, and Vy. parameters was not bake recoverable. The remaininy 

four Lot A device failures were due to excessive !,„ which was attributed to 

deyradation of an input protection diode. This deyradation was found to be 

due to electrical overs tress caused by a defective test fixture. 

3.6 JUNCTION TEMPERATURE DETERMINATIONS 

Upon completion of the bias circuit evaluation ant^ step stress tests, the 

maximum junction temperatures that would be experienced duriny life testiny 

were determined for each manufacturer's device type. The forward voltaye of a 

substrate diode, which is a function of temperature, was used to determine 

device junction temperatures. Ambient temperatures and circuit confiyurations 

duriny the time junction temperature measurements were beiny performed were 

consistent with expected accelerated life test conditions. A MDAC-St. Louis 

thermal resistance tester was used to make the substrate diode forward voltaye 

measurements. This tester permits the life test bias conditions to be estab- 

lished on the device under test for 99.9% of the time and only briefly (1 

millisecond) forward biases the substrate diode. The laryest &Tj calculated 

for all of the device types was only 3.60C. The calculated junction tempera- 

ture for each device type at each life test temperature is included in the 

summary of life test conditions contained in Section 5.0. 
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4.0 LOT ACCEPTANCE TESTS 

4.1 TEST DESCRIPTION 

The Lot Acceptance Tests were performed to verify the acceptability of 

MIL-STD-883, Method 5005.5, as an effective method for the screening of CMOS 

devices for Class S applications. The specified MIL-STD-883 test requires 

I        MIL-M-385I0 subgroups Al, A2, and A3 electrical tests at the 120 hour point 

|        and full subgroup A electrical tests at the 250 hour point. This test is a 

dual gate test of 40 devices with the following accept reject criteria: at 

gate 1, the 120 hour point, failures are limited to 20 percent or fewer of the 

I       test sample, at gate 2 the 250 hour point, the failures are liraiteo to 40 

percent of the test sample. A particular lot must pass both gates to the 

above criteria in order to be accepted. 

4.2 TEST RESULTS 

Forty devices of one lot (labeled Lot C) from each manufacturer's device 

type were subjected to the full lot acceptance test. The devices were operated 

in the previously selected accelerated life test circuit at 25Ü0C and were 

electrically tested per the specification at the 120 and 250 hour points. The 

results of these tests are shown in Table 14. 

Also, in order to correlate the life test data and the Lot Acceptance 

data, group Al, A2, and A3 electrical tests were performed on the 250oC Lot A 

and B life tests devices at the 12Ü and 250 hour points. Since all but one of 

the Lot C acceptance test failures were detected in the group Al, A2 and A3 

electrical test, it is valid to compare the 250oC life test data with the Lot 

C acceptance test data. A table comparing the results of these tests with 

respect to the MIL-STÜ-Ö83, Method 5005.5 criteria, is shown in Table 15. 

Examination of the table shows that 37.5 percent of the lots would fail the 

lot acceptance criteria. With the exception of the h3851Ü/U54Ül (4008) 

devices, there appears to be a large difference between different lots of the 

same manufacturer. The largest number of failures occurred in Manufacturer 

D's M3Bblü/üb6ül (4017) test samples. Over two-thirds of these devices failed 

the lot acceptance criteria. The correlation of this data and the accelerated 

life test results is contained in detail in Section 7.0. 
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TABLE 15. LOT ACCEPTANCE COMPARISON 

DEVICE MANUFACTURER LOT 
QUANTITY 

ON 
TEST 

CUMULATIVE FAILURES 
MIL-STD-883   | 
METHOD 5005.5 

120 HR 250 HR GATE W SATE 2VI 

FAIL 4001 A A 40 24 26 FAIL 

B 40 27 31 FAIL FAIL 

40 5 5 PASS PASS 

B 40 25 35 FAIL FAIL 

40 0   1 3 PASS PASS 

40 4 - 7 PASS PASS 

4013 C 39 8 9 FAIL PASS  I 
40 10 13 FAIL PASS 

40 6 9 PASS PASS  1 

"» 40 0 1 PASS PASS 

40 3 3 PASS PASS 

40 5 15 PASS PASS 

H38510 
/0S401 
(4008) 

C 40 

38 

40 

3 

1 

0 

3 

1 

1 

PASS 

PASS 

PASS 

PASS 

PASS 

PASS 

D 40 3 10 PASS PASS 

40 8 11 PASS PASS 

40 7 15 PASS PASS 

M38510 
/05601 
(4017) 

A 40 

40 

40 

10 

4 

2 

11 

4 

3 

FAIL 

PASS 

PASS 

PASS 

PASS 

PASS 

0 40 7 25 PASS FAIL  [ 

40 10 18 FAIL FAIL  j 

40 39 39T FAIL FAIL 

^ FAILURES LIMITED TO 20t OF TEST SAMPLE. 

^ FAILURES LIMITED TO 401 OF TEST SAMPLE. 

^ TEST TERMINATED AT 120 HOURS. 
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5.0 LIFE TESTS 

S-1 LIFE TEST CONDITIONS 

The life tests conducted consisted of: a) a MIL-STD-883, 1250C, 4,000 

hour life test, b) a 250oC, 4,000 hour Accelerated Life Test, and c) a 2250C, 

4,000 hour Accelerated Life Test. In addition, selected 4001 and 4013 1250C 

and accelerated life tests were extended to 6,000 hours. The allocation of 

devices for each test is shown in Table 16. A summary of the life test 

conditions is shown in Figures 10 through 13 for each device type. The bias 

conditions were the same for all lots of each device type, and with the 

exception on the Manufacturer A 4017 devices, the resultant power dissipated 

in the devices was similar. The Manufacturer A Lot A 4017 devices had a 

different identification number on the chip surface, as was noted in Section 

3.3, than the other two lots from the same Manufacturer. The Lot A device had 

a 7609 date code, the Lot B device had a 7628 date code, and the Lot C device 

a 7643 date code. The power dissipated in the Lot A devices was an order of 

magnitude greater than the other two lots. The construction analysis revealed 

no difference in layout or processing that would account for the anomoly. The 

sequence for performing life tests is shown in Figure 14. The schedule for 

electrical parameter measurement is shown in Table 3. 

5.2 LIFE TEST RESULTS 

All long term life tests, with the exception of one test cell, were 

continued to at least the 4,000 hour point or to the 65% failure level. 

Several of the 4001 and 4013 life tests which experienced low failure rates 

were extended to 6,000 hours. One test cell, the Manufacturer A 4017, Lot B, 

250oC cell, was terminated early at the 3,000 hour point with only 18% failures 

to permit timely program completion. The results of the life tests are 

summarized in Tables 17 through 20. These tables show the cumulative number 

of devices failing the interim and final electrical tests. 

Examination of these tables shows that the 1250C life test resulted in 

only a total of 6% failures, with the worst case test cell exhibiting less 

than 18% failures. The long term high temperature accelerated life tests 

resulted in 63% of the total devices failing. Figure 15 shows the percentage 

of devices failed by part type, manufacturer, and lot. 
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TABLE 16. ALLOCATION OF DEVICES 

DEVICE MFR LOT 

TEST                          { 

ZSO-C. 250 HOUR 1 MIL-STD-883 2258C ACCELERATED 1 250oC ACCELERATED 1 
LOT ACCEPTANCE 1250C LIFE LIFE      j LIFE 

4001 A A  I 20 40 40 
B  1 - 20 40 40 
c    ; 40 - - 

B A  i . 20 40 40 
B . 20 40 40 
C 40 - - - 

4013 C A _ 20 38 39 
B - 20 40 40       | 
C 40 - - - 

B A . 20 40 40 
B - 20 40 40 
C 40 - - - 

Uoo« C A _ 20 40 40 
B . 20 38 38 
C 40 - - 

D A . 20 40 40 
B . 20 40 40 
C 40 - - - 

4017 A A _ 20 40 40 
B - 20 40 40 
C 40 - - - 

0 A - 20 40 40 
B - 20 40 40 
C 40 
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Vps > IS Vdc 

o e o vdc 

TA    ! 
¥DD   I •ss pd 'J    1 

AMBIENT DEVICE DEVICE POWER JUNCTION 
MANUFACTURER TEMPERATURE LOT VOLTAGE | CURRENT DISSIPATION TEMPERATURE 

/ 

CO  I (VOLTS) (MICRO AMPS) (MILLI WATTS) re) 
\ 12S 18 .6 .011 127.2 

18 .6 .011 126.7 
225 18 180 3.2 226.7 

18 215 3.9 226.6 
250 18 636 11.« 252.4 

18 753 13.5 252.4 
t 18 523 9.4 252.0 
B 125 18 .4 .007 127.4 

18 .2 .004 127.7 
225 18 85 !    1.54 226.5 

1  18 77 1    1.39 2?6.3 
250 18 322 5.8 251.8 

18 283 i    5-» |   251.6 
♦ 18 L     205 3.7 1   251*4  J 

OKVICE CONütTIONS ARE APPROXIMATE AVKHACE VALUES 

FIGURE 10.  4001B SUKHARY OF LIFE TEST C0HDIT10HS 
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VpS > 18 Vdc 

D S Q -O 9 0 Vdc 
2X        I 

C   Q -O 018 Vdc 

T 
TA 

VD0  1 'ss Pd 
TJ   1 AMBIENT DEVICE DEVICE POWER JUNCTION 

MANUFACTURER TEMPERATURE LOT VOLTAG: CURRENT DISSIPATION TEMPERATURE CC) (VOLTS) (MICRO AMPS) (HILLl HATTS) CC) i 
C 125 A 18 .64 .011 125.0 

B 18 .25 .005 125.0 
225 A 18 270 4.8 225.2 

B 18 216 3.9 225.2 
250 A 18 1081 19.0 250.5 

B 18 862 15.2 250.6 
C 18 927 16.3 250.5 

B 125 A 18 .16 .003 125.1 
B 18 .25 .005 125.1 

225 A 18 137 2.5 225.2 
B 18 1   153 2.8 225.2 

250 A 18 1   S" 9.7 250.5 
B 18 608 10.8 250.6 
C 18 526 9.4 250.6   ! 

DEVICE CONDITIONS ARE APPROXIMATE AVERAGE VALUES 

FIGURE IT- 4013B SUMMARY OF LIFE TEST CONDITIONS 
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'OD 

VpS > + 15 Vdc o VW~f ~—— 
lOOß 

c PARALLEL CARRY~]-—^    i 15¥dc 

<»8 

Jin     9 15 Vdc 

^_-^0     » 15 Vdc 

TA V0O '* P- 'J           1 
AMBIENT DEVICE DEVICE POWER JUNCTION 

WNUFACTlfftER TEMPERATURE LOT VOLTAGE CURRENT DISSIPATION TEMPERATURE 
CO (VOLTS) (MICRO AMPS) (MILLI UATTS) CC) 

C 12$ IS .875 .013 125.1 
IS 1.32 .020 125.3 

228 IS 330 4.94 225.4 
IS 250 3.75 225.3 

250 1$ 1181 17.5 250.6 
IS 954 14.3 250.6 

1 t IS 1681 24.9 251.9 
0 125 IS .32 .005 126.1 

IS .36 .005 126.8 
225 IS 354 5.29 225.7 

15 390 5.84 225.6 
250 IS 1482 21.8 252.0 

15 1709 25.1 251.7       II 
15 1838 27 251.7        j 

DEVICE CONDITIONS ARE APPROXIMATE AVERAGE VALUES 

FIGURE 12. H!L«M-38510/0S401 (4008) SUMMARY OF LIFE TEST CONDmONS 
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6.0 FAILURE ANALYSIS 

A total of sixty-eight (68) devices failed initial electrical tests. 

Because initial electrical failures are generally caused by subtle processing 

variations rather than any degradation mechanism, no formal analysis was 

performed on these devices. However, 62 of the failed devices were baked for 

16 hours at 250oC and retested. Fifteen devices recovered, indicating that 

their failure was the result of a surface instability mechanism induced during 

processing or screening. The 47 devices that did not recover after the bake 

were delidded and examined optically. No device contained any obvious anomaly 

which could account for the failure. This indicated that these failures were 

probably caused by processing variations or by subtle defects. 

All step stress, lot acceptance, and life test failures were analyzed 

in detail and summaries of the failure analysis findings by device type 

and manufacturer are shown in Appendix D. The goal of the failure analysis 

was to determine the specific element or junction responsible for the failure 

symptoms and then establish the specific failure mode, mechanism, and the 

probable cause of failure. However, this goal was not always completely 

achieved in the case of surface related (recoverable) failures because of the 

nature of the failures and the complexity of the device types. For reasons 

detailed in Appendix D, the specific leaky transistor or junction could not 

always be pin-pointed, within the scope of this program, and therefore the 

specific failure mechanism, such as cation drift, charge separation, etc., 

could not be determined. Consequently, these failures are categorized In the 

general classification of surface instability. 

48 

t^^.-*. ~*.*r,,^^f*n^MH,^M™,rin****,t,^ -^--n,^:^^^^,  „y-^^ip,-, ,;.^^;„.,.,,.  .. .^^.„^ ,- ^   ^.^jg^g^lliliggljlllllllgi^ili 



\ 

ir ;  \*1 

7.0 DATA EVALUATION AND CORRELATIONS 

Evaluations and correlation of the data generated during the program 

were performed to determine mlcroclrcuit aging characteristics. This was 
accomplished through comparison of the failure modes observed in each 

test, plots of failure distributions, Arrhenius model evaluations, and 
calculations of use-temperature failure rates. The determination of failure 

distributions, Arrhenius model parameters and use-temperature failure 
rates generally followed published techniques [2], [3] and [4]. 

7.1 FAILURE MECHANISM INDENTIFICATION 
The types of failure mechanisms which resulted in electrical parameter 

failures at 250C during step stress, lot acceptance and life testing are 

shown by device lots in Tables 21 thru 24, and are summarized in Table25. 
Seventy-eight failures were caused by test related problems (electrical 

overstress, open chassis solder joints, etc.). Of the remaining failures, 
81% were due to surface related mechanisms. All of these failures most 

probably were caused by ionic contamination in or on the passivation layers. 
Sixteen percent (16%) of the failures were the result of package related 

mechanisms, lead (Pb) reduction and nickel migration. Two percent (2%) of 
the failures were undefined and 1% were due to miscellaneous mechanisms. A 
summary of the types of defects which initiated the mechanisms and the 

suspected causes of the defects is shown in Table 26. The absolute cause of 
failure in many instances could not be determined. Consequently many of the 
failures identified as process-related may ultimately or indirectly involve 

the design or materials of the part. Nevertheless, the failures attributed 
to process related problems probably can be reduced by a tightening of 

process controls. 

7•2 FAILURE TIME CALCULATION 
The failed devices exhibited out of tolerance parameter values or, in a 

few cases, catastrophic failures. At each measurenent time, the values of 
the test parameters were recorded. After a device had failed, the failed 
parameter value and the previous nonfailed values of that parameter, with 
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TABLE 21.    SUMMARY OF THE 4001B 250C ELECTRICAL FAILURES 

FAILURE MECHANISMS 
MANUFACTURER A MANUFACTURER B              | 

LOT A LOT B LOT C TOTAL LOT A LOT B LOT C TOTAL    1 

|   CATION DRIFT 44 61 1 106 58 7 65 

1   CHARGE SEPARATION - - 6 - - -     J 
1   DENOR1TE GROWTH 6 - 11 - - -      | 

LOSS OF HtRMtTlClTY - - - 17 25 44     j 

|   Al WIRE SAG 2 - 5 - - -     j 

|   EUCTRJCAL OVERSTRESS 1 - 1 1 8 16     ] 

[NONE (TEST ERROR) 2 - 4 1 - 1     i 

UNDEFINED I - 1 - - -     1 
TOTAL 56 77 1 134 77 40 126 
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TABLE 22.    SUMMARY OF THE 4013B 250C ELECTRICAL FAILURES 

FAILURE MfCHAfllSMS 
MANUFACIiJWK ß MANUFACTURER C     1 

LOT A LOT B LOT C TOT Al. LOT A LOT B LOT C TOTAL 1 

SURFACE INSIAHU ITY 1 ft 4 19 5 3 - 8 

CATION DRIFT - - - - 6 59 8 73 

CHARGE SEPARATION 1 - - 1 7 5 - 12 

CHARGE ACCUMULATION - 4 8 12 - - - 

OENDRITE GROWTH - - - - 12 2 - 14 

AI-S1 ALLOYING - - - " - - 2 2 

ELECTRICAL OVERSTRESS - - ' - 2 - 1 

UNDEFINED 

[TOTAL 

2 

4 

4 

22 

1 

13 

7 

39 

1 

33 69 11 

1 1 
113 j 

A 51 
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TABLE 23. SUMMARY OF THE MIL-M-38510/05401 (4008) 250C ELECTRICAL FAILURES 

FAILURE MECHANISMS 

[SURFACE INSTABILITY 

CHARGE SEPARATION 

jDENDRITE GROWTH 

LOT A 

58 

4 

HANUFAC 

AOL8. 

54 

5 

TURER D 

LOX.C. 

2 

4 

JO™1-. 

13 

LOT_A_ 

26 

1 

8 

MANUFAC 

.iOT B. 

8 

1 

7 

3 

TURER C 

LOT C 

1 

TOTALJ 

35 

. 2 

- 15    1 

[ELECTRICAL OVERSTRESS 7 9 

68 

1 

1 

8 

17 

2 

146 

4 [NONE (TEST ERROR) 

UNDEFINED 

[TOTAL 

1 

70 

- 7    | 

39 

1 

20 

- 1     | 

1 «0    | 

52 

% 
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TABLE 24.    SUMMARY OF THE MIL-M-38510/05601  (4017) 250C ELECTRICAL FAILURES 

FAILURE MECHANISMS 
MANUFACTURER A MAKUFACTUKLR D             1 

LOT A LOT B LOT C TOTAL LOT A LOT 6 LOT C TOTAL 

SURFACE INSTABILITY 12 -1 1 14 23 30 - 53 

CATION DRIFT 7 1 - 8 - 5 48 S3 

CHARGE SEPARATION - - - 38 14 - 52 

DENDRITE GROWTH 13 10 - 23 - - - - 

NICKEL MIGRATION - - - - 12 11 - 23 

ELECTRICAL OVERSTRESS - - - - 8 14 - 22 

NONE (TEST ERROR) 1 - - 1 4 - - 4 

[UNDEFINED 

ITOTAL 

1 

34 1     12 

2 

3 

3 

49 

3 

88 74 

1 

49 

4 

211 
L  -  - I— - 1 .. L  L — 1  1  L 1 

T 53 
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TABLE 25. FAILURE MECHANISMS SUMMARY OF THE 250C ELECTRICAL FAILURES 

FAILURE MECHAMISKS 

DEVICE TYPE                  | 

4001 4013 4008 4017 TCTAll 

WR A VR B m B MFR C MFR D KFR C MFR A MFR D 

[ SURFACE INSTABILITY - 19 8 114 35 14 53 243 | 

1 CATION DRIFT 

j CHARGE SEPARATION 

106 65 

1 

73 - 

2 

15 

7 

1 

60 

8 53 305 J 

6 12 13 ., 52 86 1 

1 CHARGE ACCUMULATION 

1 DENDRITE GROWTH 

[NICKEL MIGRATION 

| LOSS OF HERMTTICITY 

[AI WIRE SAG 

[ Al:S1_ALLOYING  

ELECTRICAL OVERSTRESS 

[NONE (TEST ERROR) 

I UNDEFINED 

j TOTAL 

- - 12 

23   1 

- 12 | 

11 

5 

1 

4 

1 

134 

44 

14 • 6L1 
23 ] 

44 j 
  

- 2 

- - 

- 

17 

2 1 

3 

49 

22 

4 

4 

21 

sj 

Ü 
59J 
19] 
IT] 

678| 

16 

1 

126 

7 

39 

  2 

3 

1 

113 146 

11,* 

54 
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TABLE 26.    SUMMARY OF DEFECTS/CAUSES OF THE 250C ELECTRICAL FAILURES 

DEFECT 4001 4013 4017 4008 
TOTALS 

CATtGORr MFR A MFR B MFR B KFfU Mf R A MFR D MFR D MFR C 

SURFACE 112 6b 32 93 22 158 127 37 646 
PACKAGE 11 44 . 14 23 ! 23 . 15 130 
DIE (SCRIBE) 
OXIDE (MASK) 

5 . - . . - . 5 
- - - 2 . .' . 2 

ELECTRICAL OVERSTRES! 1 16 . 3 . 22 17 59 
TEST ERROR 4 1 . . 1 4 2 19 
UNDEFINED 1 ■ 7 1 3 4 - 17 

TOTAL 134 126 39 113 49 211 146 60 878 

CAUSE CATEGORY 

PROCESS 112 65 32 93 22 158 127 37 646 
MATERIALS 11 . . 14 23 . . 15 63 
WORKMANSHIP 5 18 . . 23 48 
DESIGN . 26 . . . . 26 
TEST S ! 17 . 1 26 19 78 
UNDEFINED 1 - 7 3 4 - 17 
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the corresponding measurement times were used to generate an empirical 

equation that related time to the parameter value. Solving the empirical 

equation, using the failed parameter limit provided an interpolated estimate 

of the actual failure time. When a device exhibited more than one failed 

parameter, the parameter which was related to the primary failure mechanism 

was used. Various equations were evaluated in an attempt to provide a good 

fit to the data points. Interpolation of the estimated failure time was 

made on all devices using a linear equation with the parameter value versus 

test measurement times, and versus the natural logarithm of the test measure- 

ment times. Also, interpolations were made using a quadratic equation with 

the parameter value versus the actual, and versus the natural logarithm of 

the test measurement times [5]. For the out-of-tolerance failures, the 

three point logarithmic quadratic equation method seemed to provide the best 

fit. For those failures where there was a sudden shift in the data, such as 

for a catastrophic failure, the above methods did not provide a good fit to 

the data, and the midpoint between the two electrical measurement times was 

used. 

7.3 FAILURE DISTRIBUTIONS 

Distributions of the times to failure were determined for each lot of 

each manufacturer's device type whenever sufficient data was available. 

Those failures due to test related problems, and due to life test fixture 

related problems were not included in the distributions. Also not included 

in the distributions were the 1250C and -550C failures that did not subse- 

quently fail at 250C. They were not included in these particular distributions 

because measurements were not made at -550C and 1250C at every measurement. Only 

a few of the devices exhibited sufficient failures during the 4000 hour MIL-STD-883 

1250C life test to determine a failure distribution. 

The failure time distributions were originally assumed to be bimodal 

distributions that could be represented by two single lognormal distribu- 

tions [6]: an early distribution of failures (Freak), and a later distribu- 

tion of failures (Main). This bimodal distribution is: 
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Mf|nMTom txp 

exp 

(In f - up)* 

(In f - wM)' 

2oil
Z 

df 

df 

(1F) 

<v 
(1) 

In (median life of the Freak Distribution) 

standard deviation of the Freak Distribution 

In (median life of the Main Distribution) 

where: 

^F 
0F 

^M 
oM = standard deviation of the Main Distribution 

Xc = the percentage of the total population that is described by the 

Freak Distribution 

%M = the percentage of the total population that is described by the 

Main Distribution 

t = use time 

The bimodal distribution was initially fitted using a graphical method [3], [4]. 

Then the graphic result was used with equation (1) and the calculated probability 

was compared to the test probability at each failure time. From this starting 

point, the values of the unknowns in equation (1) were iterated and 

the probabilities compared until plots of the resulting equation appeared to 

provide good representations of the observed data. 

7.3.1 4001B Failure Distributions - The predominant failure mechanism for 

the Manufacturer A 4001 devices was excessive Ioss current, probably caused 

by cation contamination. This mechanism predominated in both lots. The Lot 

B devices also exhibited a few failures due to a degraded input-to-V-. 

protection diode, probably caused by mobile ions in or on a passivation layer. 

These two mechanisms are both surface related and ihe  combined failure 

distributions for these mechanisms are shown in Figure 16. The failures due 
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1 1 1 

1 1 

f       1 1 
1 to dendrite growth, a package related mechanism, were not included in the 

failure distributions and did not exhibit sufficient failures to plot 

separately. Also not included were the failures due to wire-to-die shorts 

caused by hillocks from the laser scribing. This mechanism is primarily a 

temperature cycling mechanism and not a time-temperature related mechanism. 

The curves of Manufacturer A's Lot A 4Ö01B device seem to indicate the 

possibility of a bimodal distribution, but there is insufficient data to make 

a determination of the Main median life. The early or Freak population 

represents an average of 61% of the Lot A devices. The Lot B devices exhib- 

ited a single lognonnal distribution. 

Thirty-five percent of Manufacturer B's 4001B failures were due to 

loss of hermeticity, and since this is a temperature cycling mechanism, the 

devices were not included in the failure distribution plots. Fifteen of the 

remaining sixty-four failures were delidded without being leak tested to 

avoid affecting their leakage currents. These devices exhibited the same 

failure symptoms as the hermetic devices, and were included in the failure 

distributions. The primary failure mechanism for the hermetic devices was 

determined to be cation drift or charge separation caused by contamination 

in the passivation layer. The failure distributions for this mechanism 

are shown in Figure 17. Both lots of devices tended to exhibit a bimodal 

failure distribution, but the Lot B devices had only a few hermetic devices 

remaining, and the failure distributions are best estimates of the actual 

distributions. There were also three lot A failures in the MIL-STD-8B3 life 

test which were due to the same mechanism, and this distribution is shown in 

Figure 18. 

7.3.2 4013B Failure Distributions - The predominant failure symptom of the 

Manufacturer B's 4013B devices was excessive device current (Iss). This 

failure symptom was exhibited by 84% of Manufactuer B's failed devices . 

Eighty-one percent of the Iss failures were reversible, indicative of 

surface related mechanisms. However, the devices failed various combinations 

of the three Iss tests, i.id this indicated several failure modes. Seven 
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devices failing Iss were not bake recoverable, but failure analyses did 

not determine the exact failure mechanism. One device also failed I,., 

due to charge separation, also a surface related mechanism. Only one 

Manufacturer B life test cell (250oC - Lot B) exhibited sufficient failures 

to generate a failure distribution plot, and this plot is shown in Figure 

19. The only failures excluded from this distribution were the 1250C only 

failures. The distribution plot suggests a bimodal distribution with 

92% of devices in the Main population. However, there was insufficient 

Freak population failure time resolution to determine the median life or the 

standard deviation of the Freak population. 

The Manufacturer C 4013 devices exhibited several surface related 

mechanisms. The devices also exhibited a few failures due to a package 

related mechanism, the shorting of a pin to the header caused by dendrite 

growth. There v/ere insufficient dendrite growth failures to plot a failure 

distribution. All surface related mechanisms were combined to plot the 

failure distributions shown in Figure 20. The Lot A devices exhibited a 

bimodal failure distribution with 12% to 25% of the devices in the Freak 

population. The Main population had a median life of approximately 10,000 

hours at 250oC, but the Main failure distribution could not be determined 

for the 2250C devices. The Lot B devices also exhibited a bimodal distribu- 

tion and in this case the Freak population median life accounted for an 

average of 18% of the population, and the Freak median life was 2.0 hours at 

250oC and 2.5 hours at 225nC. 

The MIL-STÜ-883 1250C life test of Manufacturer C's 4013 devices also 

generated sufficient failures to determine a failure distribution for the 

Freak population. This distribution Is shown in Figure 21. 

7.3.3 MIL-M-38510/05401 (4008) Failure Distribution - The Manufacturer D 

MIL-M-38510/05401 (4008) devices exhibited two surface related mechanisms. 

The largest group of failures was attributed to surface instability caused 

by ionic contamination. The other valid test failures were attributed to 

charge separation In an input protection diode, also caused by ionic contami- 

nation. The failure distributions for the surface related mechanisms, shown 

62 

^ ■  - "■ —"■■ --"-■-'■•j—<''a*a*''1'^^ 



MB 138/   MHNUF B/   LOT B/     TEMP.«  2SB C 

I SMm T 

i am 

IBB   - 

HHS 

IB •• 

I    • 

I      2 

^—f- ■4 1- 

HHIN DI5T.     92.H  % 
HEflN »       K20S.B 
SIHMO  «     0.7fl 

4- -+- -+- H 1 

IB   2B .IB HB KB Bfl 7B OB 

CUM. PKRCENT FniLUHt 

üB SK  aa aa 

!   I. 

FIGURE 19 . MANUFACTURER B 4013B FAILURE DISTRIBUTION - SURFACE RELATED 

63 

I ^^:-:.:.^J^-:.:.-- ■ .,-.  ^^.■. - '—'---^ai:iiyri--iiij-üirii„ii.iijv^n ^im^^mt^^- - -iVfT' nmmtmimmti^mimmjmm&isä 



s 

■ tt 
NB 

|S 
s - 
•.' V 

Ill 
■ 
j 

A " 

|S • 

H-M—*—*++-«—»■ ++*-*—H-«-l—I—»M I    4   -i   — 

5 

j    !    I    •    ! 
! 

1     !     '- 

I     ! 

O < u. 
Cf. 

to 

CO 
z 
o 

co 
»—* 

o 

oc 

< 

CO 

o 

LU 
Of 

z 

o 

Of 

64 

MM r- m  , -' itfiii.i¥^-w^r^l^'^inwilv^i-ifrr'1ilti-il--^r- -y-'r-ii-■-:--  »B^^^^it^Kää^ ■ gtegy^agaiäiaiiiiiiiMiiiaiaaiaiiBi 



HUlJIif/   HHNUr C,   LOT Bt     TEMP-   I2S < 

T 
T 

IBIM 

IIHii 

inn 

T FRCHK DI5T.  27.B X 
HCRN *    HS.tt 
SISMH - I.ee 

I  2 

♦ +- 
S  111 

H 1 1 1 1 ♦ 1    I 1 1 1 

29 30 HU SB EB 7B BB 

CUM. PEHCtNT FBI LURE 

9B  9S   98 Ha 

FIGURE 21.    MANUFACTURER C 4013B 1250C FAILURE DISTRIBUTION - SURFACE RELATED 

65 

«j^b^ifeü^ii^äv,^.:^ -i.-.X,kr, ..-.■i:.~v^^^^^^vw..^^^^v:Cw^^^.^^ 11 i'ilftl^liilMiiflimil^ ' "ii iili i 



\ 

'r i i1. 

in Figure 22, indicate a bimodal distribjtion for the Lot B devices and the 

2250C Lot A test group. The Lot A Freak population was 7% and the average 

Freak population for the Lot B devices was 14%. 

The Manufacturer C MIL-M-38510/05401 (4008) devices exhibited surface 

related failure mechanisms similar to the Manufacturer D 4008 devices. 

However, the Manufacturer C devices also exhibited 15 failures (pin-to-header 

shorts) which were attributed to dendrite growth. There were insufficient 

failures at each test temperature to determine a plot for the dendrite 

growth mechanism. The Lot A surface related failures were characterized by 

a bimodal distribution in the 2250C test group and a single lognormal 

distribution for the 250oC test group, as shown in Figure 23. The 1250C Lot 

A life test resulted in two surface related failures. The plot of these 

failures (Figure 24) using the same sigma as the 2250C failures suggests a 

bimodal distribution with approximately 8% of the devices in the Freak popu- 

ulation. Although the 250oC test group resulted in a single lognormal distri- 

bution, failure analysis revealed no difference in the failure mechanism. 

The Manufacturer C Lot B devices exhibited only a few failures, and 

some were attributed to dendrite growth. The surface related failures were 

plotted, and are shown in the previous Figure 23. The plots suggest a 

single lognormal distribution. 

7,3.4 MIL-M-38510/05601 (4017) Failure Distributions - The Manufacturer D 

MIL-M-38510/05601 (4017) devices exhibited several surface related mecha- 

nisms which were caused by ionic contamination. The surface related fail- 

ures exhibited a bimodal distribution for the Lot A devices and a single 

lognormal distribution for the Lot B devices as shown in Figure 25. There 

was nothing noted in the failure analysis that would account for this 

difference. 

The Manufacturer A MIL-M-385i0/05601 (4017) devices exhibited two 

surface related mechanisms, a channeled output transistor caused by cation 

drift in the gate oxide, and an undefined surface instability mechanism 
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probably caused by ionic contamination. These two surface related mechanisms 

generated the birnodal distributions shown in Figure 26 for the Lot A devices. 

There was insufficient data to plot distributions for the Lot B devices. 

A total of 8% of Manufacturer A's Lot A and Lot B 4017 devices failed 

due to dendrite growth between adjacent pins caused by the reduction and 

precipitation of lead (Pb) contained in the glass frit. Failure distribu- 

tions for this mechanism are shown in Figure 27. 

The Manufacturer D 4017s exhibited a failure mechanism similar to the 

Manufacturer A 4017s. The failure mechanism of the Manufacture D devices 

was a dendrite growth caused by the migration of nickel across the surface 

of the ceramic and was observed in 29% of the Lot A and Lot B 250oC life 

test devices. There were no similar failures in the 2250C and 1250C cells 

of this device. This sugqests this mechanism is not a problem at tempera- 

tures less than 250oC. The Lot A nickel migration failures were all observed 

at the 500 hour test time, and the failure distribution could not be deter- 

mined. However, the distribution for the Lot B devices was determined, and 

is shown in the previously mentioned Figure 27, 

7.4 AGING CHARACTERISTICS 

Sufficient multiple temperature data was generated during the accelerated 

life tests to evaluate aging characteristics for most lots of each device 

type. The Arrhenius reaction rate model [4] was found to provide a good 

representation of the aging characteristics for both the Freak and Main 

device distributions, and the single lognormal distributions, and was used 

to relate median lifetime and junction temperatures as follows: 

'50% 
A exp fe] (2) 
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where 
t50X " frea^ or Mairi population median lifetime at a junction 

temperature. 

A  = A constant. 

E.  = Experimental activation energy - eV. 

k      = Boltzman's constant - 8.617 x 10'5 eV/Kelvin. 

T      * Absolute junction temperature K - Kelvin. 

The linear transform of this equation is: 

E 

Hd In t50%« In A + T^ |^1 (3) 

The transformed Arrhenius equation wcs evaluated using a linear regression 

analysis that assumes the junction temperature is a known value and natural 

log of the median life [In (ten«)] is the only variable [7], [8]. 

7.4.1 4001 Arrhenius Plots 

Arrhenius plots were generated for both manufacturers' 4001 devices. 

The Arrhenius plots for Manufacturer A's Lot A devices exhibited a bimodal 

distribution but there was only sufficient data to fully characterize the 

Freak population. The activation energy for the Lot A Freak population was 

1.94 eV. The Lot B devices exhibited a single lognormal distribution with 

an activation energy of 1.42 eV. The similarity in activation energies 

between lots suggest similiar failure mechanisms for both lots as was 

indicated by the failure analysis. 

Manufacturer B's Lot A devices exhibited a bimodal failure distri- 

bution. However, there was insufficient data to determine an Arrhenius plot 

for the main population of the Lot B devices. The Freak activation energy 

for Lot A was 0.94 eV, and the Main activation energy was 0.77 eV. The Lot 

B Freak activation energy was 0.43 eV. This would seem to indicate different 
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failure mechanisms but this was not confirmed by the failure analysis 

findings. The Arrhenuis plot for the Lot B devices is based on only a few 

failures at each test temperature, and the actual activation energy might 

possibly be higher. The Arrhenius plots for both manufacturers are shown in 

Figure 28. 

7.4.2 4Q13B Arrhenius Plots - The Manufacturer B 4013 devices did not 

exhibit sufficient failures to generate Arrhenius plots. The Manufacturer C 

devices exhibited bimodal distributions for both lots, and the Arrhenius 

plots for these lots are shown in Figure 29. However, there were insuffic- 

ient failures in the Lot A 2250C test cell to determine the Main median 

life, thus the Lot A Arrhenius plot only contains a plot for the Freak popu- 

lation. The Lot A Freak activation energy is 2.82 eV. This is considered 

to be high, but since the distribution is based only on a small number of 

failures at each test temperature, the actual activation energy may be 

smaller. The activation energy for the Lot B devices is 0.46 eV for 

the Freak population and 1.24 eV for tl"3 Main population. The failure 

analysis discovered several surface related mechanisms, but they could not 

be correlated to ths difference in activation energies. 

7.4.3 4008 Arrhenius Plots - Arrhenius plots for both manufacturers 4008s 

are shown in Figure 30. Although the failures in both lots of Manufacturer 

C's Lot B 4008 devices were attributed to the same failure mechanism, the 

Lot A devices exhibited a bimodal distribution with an activation energy of 

0.46 eV for the Freak population and 1.01 eV for the Main population. The 

Lot 8 devices exhibited a single lognormal distribution with an activation 

energy of 0.86 eV. Only a small percentage of failures were experienced in 

the life tests. Thus, the variation in activation energies is probably due 

to experimental errors. 

The Manufacturer D Lot A devices exhibited a single lognormal distribu- 

tion with an activation energy of 1.22 eV. The Lot B devices exhibited a 

bimodal distribution with similar activation energies of 0.99 siV for the 

Freak population and 0.89 eV for the Main population. 
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7.4.4 4017 Arrhenius Plots - The Arrhenius plots for both manufacturers 

4017s are shown in Figure 31. The Manufacturer A 4017 devices exhibited a 

bimodal distribution for the Lot A devices, but there was insufficient data 

to generate plots for the Lot B devices. The Freak and Main Lot A populations 

exhibited similar activation energies, 0.99 eV and 1.03 eV, respectively, 

indicating similar failure mechanisms for both populations. 

The Manufacturer D devices exhibited a bimodal distribution for Lot A 

and a single lognormal distribution for Lot B. The 0.90 eV activation 

energy for the Lot A Main population is similar to the 1.02 eV activation 

energy for the Lot B single distribution. However, the Lot A Freak popula- 

tion had an activation energy of 2.43 eV. This is dissimilar to the Main 

activation energy, but the failure analysis did not indicate any difference 

in failure mechanisms. 

The Manufacturer A Lot A 4017 devices also exhibited sufficient failures 

due to a dendrite growth mechanism to generate the Arrhenius plot shown in 

Figure 32. 

7.5 FAILURE RATES 

Calculation of use-temperature failure rates was made using the 

values shown in Table 27 for Arrhenius model parameters (constant "A" and 

activation energy "EA"), average value of lognormal distribution standard 

deviation, and percent Freak and Main population. The failure rate for a 

single distribution is defined as [9]: 

xt, • m «' 
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TABLE 27. SUMMARY OF FAILURE RATE PARAMETERS 

FREAK MAIN                      | 

DEVICE FAILURE AVG I AVG t h a E« a 
TYPE MFR LOT MECHANISM FREAK MAIN (eV) A AVG (eV) A AVG 

40O1B A A CATION DRIFT 61 39 1.94 2.86 X 10"18 1.39 A - * 
B 0 100 - - - 1.42 7.54 X 10'13 2.26 

1 

8 A 35 65 0.94 1.95 X 10'9 0.82 0.77 4.71 X 10'6 0.94 

B 10 90 0.43 9.20 X 10'3 2.06 A - 
1 

40138 C A CATION DRIFT 19 81 2.82 8.94 X 10 "27 0.98 A . 1 

B 23 77 0.46 6.12 X 10'5 0.95 1.23 9.65 X 10"10 1.02 

4008 C A SURFACE 
INSTABILITY 

7 93 0.46 5.58 X 10"4 0.59 1.01 4.32 X 10'7 0.49 

8 0 IOC - - - 0.86 8.27 X 10"5 1.67 

0 A 4 96 A . 1.22 8.78 X 10"10 0.66 

8 14 86 0.99 3.11 X 10"8 0.51 0.89 1.11 X 10"6 0.41    j 

4017 A A SURFACE 
INSTABILITY 

12 88 0.99 6.22 X 10"10 1.03 1.03 1.94 X lü'7 0.98    j 

D A CHARGE 
SEPARATION 

13 87 2.43 2.94 X 10'23 0.97 0.90 5.27 X 10"7 0.46 

B SURFACE 
INSTABILITY 

0 100 - - - 1.01 3.75 X 10"8 0.70    | 

A  INSUFFICIENT DATA TO CALCULATE ACTIVATION ENERGY 
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I        where: I 
| X(t) - the instantaneous failure rate at time t. 

I f(t) = the failure density at time t. 
I" 
j R(t) = the reliability at time t. 

Also, a lognortiial failure rate for a single distribution is defined as [10]: 

_JL_ „p j. ÜILtrJÜ2! 
x(t) . ___tjL^L_J 2n? L (5) 

V/; H-^V 
where: 

M= In (median life) 

o"= the standard deviation 

Assuming that an Arrhenius equation defines the median life at a junction 

temperature provides the following temperature dependent, lognormal failure 

rate: 

X(t) * 0 ^ 
exp 

( [In t - (In A4 EA/k T)]2) 

I'        2c* I 

1  /' 1   f [Vnt'- (In A ♦ EA/k T)]2 \ (6) 

For a bimodal distribution consisting of two lognormal failure rates, the 

total failure rate is defined as: 

X^Total t^Freak) <* FrMk)  +  {X{t)Hain) ^ **^       U) 
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These techniques were used to calculate the maximum Instantaneous failure 

rates shown in Table 28. The maximum instantaneous failure rate over the 
5 -3 

first 10 hours of 1250C use-time varied from 4.16 X 10  failures per hour 
32 

to 1.15 X 10  failures per hour. However, three lots (Manufacturer B 

Lot B 4001, Manufacturer C Lot A 4013, and Manufacturer C Lot B 4008) 

exhibited less than 10% failures in at least one of the high temperature 

(200oC or 250oC) life tests. Thus, the calculated failure rates for these 

lots are only best estimates and may vary from the actual failure rates. 

Also two of these lots, the Manufacturer C Lot A 4013 and Lot B 4008, and 

one additional lot, the Manufacturer A Lot A 4001, exhibited single failures 

in the 1250C life test which were unexpected based on the calculated failure 

rates. These were isolated random failures due to the same, or similar, 

mechanisms as the failures observed in the high temperature life tests. The 

random failures are due to either higher actual failure rates or to smaller 

distributions of Freak failures which were masked by larger distributions of 

similar mechanisms at the higher temperatures. 

Using the calculated failure rates as a basis, the following recommen- 

dations on burn-in are made for each individual let. Where there is a 

single lognormal distribution, as for the Manufacturer A Lot B 4001 devices, 

the Manufacturer C Lot B 4008 devices, and Manufacturer 0 Lot B 4017 devices, 

an improvement in failure rate cannot be achieved without sacrificing a high 

percentage of the total population. The failure rate for the Manufacturer A 

4001 Lot A Main distribution cojld not be determined but the Freak popula- 

tion, which accounts for 61X of the total population, has an acceptable 

failure rate, and thus a burn-In for 1445 hours at Z750C is not recommended. 

The Manufacturer D 4008 Lot A devices exhibited an acceptable failure rate, 

with less than 4% of the devices in the Freak population. The failure rate 

however, does not include the effect of the Freak population since the data 

was insufficient to determine a failure rate for the Freak population. 
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TABLE 28. FAILURE RATE SUMMARY 

MAXIMUM INSTANTANEOUS 

FAILURE RATE IN 103 HOURS 

OF USE TIME (FAILURE/HOUR) 
BURN-IN 

CONDITIONS 
BURN-IN 

RECOMMENDED DEVICE 
TYPE MFR LOT 

WITHOUT BURN-IN WITH BURN-IN 

IZS'C 50oC IZS'C 50eC TIME 
(HhS) A 

4001B A A 6.16 X 10"9 4.09 X 10"42 A . 1445 275 NO    j 

B 3.12 X 10"5 3.30 X 10"12 A - - - NO 

8 A 

8 

2.33 X 10"4 

5.67 X 10'5 

4.32 X 10"8 

3.08 X 10"6 

3.25 X 10'5 

A 
1.26 X 10'9 90 250 YES 

NO    [ 

4013B C A 

B 

1.15 X 10"32 

4.16 X 10'3 

0 

1.82 X 10"4 4, 
5.05 X 10 9 1.47 X 10"35 

442 

55 

275 

250 

NO 

YES 

4008 C A 2.23 X 10"4 1.01 X 10'5 1.85 X 10"14 5.93 X 10"92 165 250 YES 
6 1.20 X 10"7 1.09 X 10"13 A - . . NO 

D A 4.57 X 10'11 2.30 X 10"71 A - - - NO 
8 4.69 X 10"6 1.67 X 10"43 2.77 X 10"6 3.24 X 10"63 1774 250 NO 

4017 A A 4.81 X 10"5 1.39 X 10"8 3.76 X 10"8 1.60 X 10"28 178 250 YES 

! D A 

B 

7.5S X 10'6 

2.42 X 10"6 

2.30 X 10"48 

4.25 X 10'33 

8.72 X 10"6 

A 
2.64 X 10"48 3094 250 NO 

NO 

INSUmCIENT DATA TO DETERMINE FAILURE RATE. 

SINGLE LOGNORMAL DISTRIBUTION, BURN-IN NOT RECOMMENDED. 

BURN-IN IN EXCESS OF 1.29 X  10 5 HOURS RFOIIIRFn. 
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Burn-In Is also not recommended for Manufacturer D's 4008 Lot B and 4017 Lot 

A devices. Burn-in at 250oC for 1774 hours for the Manufacturer D 4008 Lot 

6 devices would only slightly Improve the failure rate and would result in 

80% of the Main population being removed. The failure rate for the Manufac- 

turer D 4017 Lot A devices would actually Increase slightly due to the fact 

that the median lifetime of the Main population is less than that of the 

Freak population at temperatures less than 200oC. Burn-in for the Manufac- 

turer B 4001 Lot B devices, which exhibited only a few failures, would 

require in excess of 100,000 hours at 250oC which is impractical. The 

Hanufacturer C Lot A 4013 devices also exhibited only a few failures, but if 
-32 

the actual failure rate even approximates the calculated 1 X 10  failures 

per hour, burn-in would not be needed. 

Burn-in Is recommended for the Manufacturer C Lot A 4008 devices, the 

Manufacturer C Lot B 4013 devices and the Hanufacturer A Lot A 4017 devices, 

since burn-in would result in a large improvement in failure rate with 

virtually none of the Main population being removed. The Manufacturer B Lot 

A 4001 device would result in an improvement In the failure rate of one 

order of magnitude. However the Main population would be reduced by 11% and 

since the Freak population accounts for 35% of the total population this 

would result in the total population being reduced by 42%. 

The effectiveness of a burn-in appears to vary from lot to lot and 

device type to device type. However, the use of a 100% burn-In would have 

little effect on the acceptable lots, and would eliminate the high failure 

rate devices, thus Improving the overall reliability. 

Comparison of the 125<>C and 50oC failure rates illustrate the value of 

junction temperature derating to achieve improved failure rates for the 

predominant failure mechanisms. Additional factors for secondary failure 

modes must be Included in the total device failure rates prior to using the 

failure ralos for reliability estimates. 
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7.6 LOT ACCEPTANCE TEST CORRELATION 

The results of the 250oC life tests at the 120 and 250 hour points were 

evaluated to the MIL-STD-883, Method 5005.5 Lot Acceptance test criteria, 

and compared to the calculated failure rates to determine the effectiveness 

of the Lot Acceptance test. A particular lot fails the Lot Acceptance test 

criteria if 20 percent of the devices fail at the 120 hour electrical test 

point, or 40 percent of the devices fail at the 250 hour electrical test 
-5 

point. A maximum instantaneous failure rate of less than 1 X 10  failures 
5 

per hour during 10 hours of 1250C use-time was assumed to constitute an 

acceptable lot, and test effectiveness (TE) was defined as: 

TE = 100 (NG/A + NB/R)/NT (8) 

where: 

Ng,. = number of "good" lots accepted 

NB/R = numl)er of "bad" ^ots rejected 
Ny  = total number of lots tested 

Thus, a test that is 100% effective will accept only "good" lots and reject 

all "bad" lots. Based on the thirteen lots of devices where sufficient data 

was collected to calculate 1250C failure rates (Table 29), the Lot Acceptance 

test accepted only three of seven "good" lots and rejected only four of six 

"bad" lots. Thus a correct decision was only made for seven of the thirteen 

lots, or the test was 54% effective. The failure rates for two of the lots 

are based on less than ten percent total failures, and may be inaccurate. 

However, excluding these two lots from the test effectiveness calculation 

only increases the test effectiveness to sixty percent. 
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TABLE 29. LOT ACCEPTANCE TEST COMPARISON 

DEVICE MFR LOT 
LOT ACCEPTANCE 
TEST RESULTS 

125^ FAILURE RATE 
(FAILURES/HOUR) 

4001 A A FAIL 6.16 X 10"9 

B FAIL 3.12 X 10*5 

6 A FAIL 2.33 X 10*4 

B PASS 5.67 X 10"5 A 

I 4013 C A FAIL 1.15 X 10"32 ,2 j 
B FAIL 4.16 X 10"3 

B A PASS K 
B PASS J. 

i 4008 - A PASS 2.23 X 10'4 

B PASS 1.20 X 10*7 A 
D A PASS 4.57 X 10"11 

B PASS 4.69 X 10'6 

4017 A A 

B 
FAIL 
PASS 

4.81 X ID"5    I 

0 A FAIL 7.59 X 10"6 

6 FAIL 2.42 X 10"6 

^ INSUFFICIENT DATA TO DETERMINE FAILURE RATE 

2 FAILURE RATES BASED ON LESS THAN 101 OF THE TEST GROUP FAILING. 

T 

v 
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8.0 CONCLUSIONS AND RECOMMENDATIONS 

The results of this program Indicate that high reliability CMOS devices 

that would be acceptable for MIL-M-38510 Class S applications can be manufac- 

tured, but there is a lack of consistency in lot to lot processing. The 

principal failure mechanisms were surface related and were responsible for 74X 

of the failed devices in this study. These mechanisms were responsible for 

several different failure modes and in some cases several different categories 

of failures in a single device. 

The matrix of high temperature accelerated life tests showed a wide 

variance in aging characteristics between microcircuit types and even between 

different lots of the same manufacturer. The failure distributions were 

either single lognormal or bimodal distributions. The failure rates were 

generally less than 5 X 10  failures per hour at a use-temperature of 12S0C 

over the first ten years. Burn-in requirements vary and, in some cases, would 

not be effective in improving the failure rates without sacrificing a high 

percentage of the total population. The MIL-STD-883 1250C life tests exhib- 

ited the same failure mechanisms but did not, in most cases, generate suffi- 

cient failures to determine a failure distribution. 

The Class S Lot Acceptance test as specified in MIL-STl)-883, Method 

5005.5 is approximately 50% effective as a method of screening for device 

and lot reliability. To minimize the possibility of rejecting "good" lots 

or accepting "bad" lots, a two temperature Lot Acceptance test is recommended. 

A two temperature Lot Acceptance test at temperatures above ZOO'C would 

permit control of the lot activation energy as well as the pre-exponential 

factor in the Arrhenius equation. A 100% burn-in is also recommended. 

Although burn-in would not improve all lots, it would improve the reliability 

of those lots which have a Freak population with a high failure rate. The 

burn-in conditions should be determined from the results of life characteri- 

zation studies to maximize the effectiveness of the burn-in. 
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The elimination or reduction of surface related failure mechanisms in 

CMOS devices would also greatly improve the reliability of the devices. 

Improved manufacturing process controls are necessary to reduce the contami- 

nation responsible for the observed surface related mechanisms. The elimina- 

tion, or reduction, of surface related mechanisms, combined with a two tempera- 

ture Lot Acceptance test and 100% burn-in will assure that the failure rates 

of CMOS device will be maintained at a level that will make the devices 

acceptable for Class S applications. 
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APPENDIX Al 

CONSTRUCTION ANALYSIS 

4001B 

MANUFACTURER A 

QUAD 2-INPUT NOR GATE 

DATE CODE 7634 
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MICROCIRCüIT CONSTRUCTION INFORMATION 
 BASELINE ANALYSIS  

S/N_ C-125 DATE CODE 7705 WTE: 5/2/77 

PART NAME:      QUAD 2.INPUT NOR SATE 

MANUrACTURER'S PART NO: CCL 4001/BD MANUFACTURER: 

GENERIC PART NO: 4001B PACKAGE TYPE: J4 P1H PIP 

MILITARY SPECIFICATION TYPE: M38510/05202BCC 

|                               DESCRIPTION DETAIL                                  | 

El 
Passivation Type Silicon Dioxide 

Glasslvetlon Type Vapox 

1   Basic Die Construction Planar 

Die Dimensions 0.0426 x 0.0497 

Metallization Type 

Metallization Thickness 

Aluminum 

Number of Metallization Layers One 

Metallization Interlayer Insulation Type None 

1   Bonding Pad §1ze 0.0054 x 0.0054 

Die Photograph (See Figure A7)                                          || 

I   Scribe Me- hod Laser 

INTERCONNECT IONS 

Gold-Silicon Eutectic Die Mounting Material 

1   Wire Material Aluminum 

Wire Diameter 0.001 

Longest Lead Length 0.075 

«ire Bond Typ«($) Post Ultrasonic (See Figure A4) 

Die Ultrasonic (See Figure A3)                        li 

Inte-connection Photograph (See Figure A2) 

A3 
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DESCRIPTION DETAIL                                    ] 

PACKAGE 

Alloy 42                                                      ? Lead/Lead Frame Material 

Lefd/Lead Frame Finish - Internal Aluminum 

Lead/Lead Frame Finish - External Tin Lead Plate 

Lead/Lead Frame Finish - Feed Thru None 

Header/Case Material Ceramic (Al^) 

Cap/Lid Material Ceramic (AI2O3) 

Case Seal Material/Method Glass Frit                                                      { 

Lead Seal Material/Method Glass Frit                                                   | 

Cavity Size 0.165 X 0.261 

Package Photograph (See Figure Al) 

Notes: 
1. Additional markings (bottom) - MALAYSIA BFBX. 

2. All dimensions are in inches. 

A4 
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620X 
(SEM-1.2KV) S/N All 

FIGURE A3_^ WIRE BOND AT DIE 

350X 
;StM-1.2KV: S/N AU 

FIGÜRL A4 - WIRE BOND AT LEAD FRAME 
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FJGURE A5 - SCHEMATIC DIAGRAM OF ONE NOR GATE 

FIGURE A6 LOGIC DIAGRAM 
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APPENDIX A2 

CONSTRUCTION ANALYSIS 

4001B 

MANUFACTURER B 

QUAD 2-INPUT NOR GATE 

DATE CODE 7705 
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M1CR0CIRCUIT CONSTRUCTION INFORMATION 
 BASELINE ANALYSIS  

S/N C125 

PART NAME:      0"*° MHPUT NOR SATE 

DATE CODE 7705 DATE:        5/2/77 

MANUFACTURER'S PART NO:    CCL4001/BD MANUFACTURER:. 

GENERIC PART NO: 40018 PACKAGE TYPE: 14 PIN DIP 

MILITARY SPECIFICATION TYPE: M38510/05202BCC 

DESCRIPTION DETAIL                                       j 

IDIE 

Passivation Type Silicon Dioxide 

Glasslvation Type Phosphorus Glass 

Basic Die Construction Planar                                                            1 

Die Dimensions 0.049 X 0.035                                                j 

Metallization Type Aluminum 

Metallization Thickness 

Number of Metallization Layers One                                                                  j 

Metallization Interlayer Insulation Type None                                                             j 

Bonding Pad Size 0.0038 X 0.0038                                               | 

Die Photcgraph (See Figure A1A)                                        j 

Scribe Stethod Mechanical                                                   j 

INTERCONNECTIONS 

Gold Silicon Eutectic Die Mounting Material 

Hire Material Aluminum 

Wire Diameter 0.001                                                               } 

Longest Lead Length 0.106 

Wire Bond Type(s) Post Ultrasonic (See Figure All) 

Die Ultrasonic (See Figure   A10)                      j 

Interconnection Photograph (See Figure A9) 

A10 



DESCRIPTION DETAIL 

PACKAGE 

Kovar Lead/Lead Frame Material 

Lead/Lead Frame Finish • Internal Gold Plate 

Lead/Lead Frame Finish - External Gold Plate 

Lead/Lead Frame Finish • Feed Thru Molybdenum-Hangjnes e 

Header/Case Material Ceramic 

Cap/Lid Material Gold Plated Kovar 

Case Seal Material/Method Solder 

Lead Seal Material/Method Ceramic 

Cavity Size 0.161 X 0.384 

Package Photograph (See Figure  A8) 

Note: 

1.    All  dimensions are in inches. 

All 

' k' 



IOX 

3X 

FIGURE A8 . PACKAGE PHOTOGRAPH 

S/N C125 

FIGURE A9 - INTERCONNECTION PHOTOGRAPH 
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700X 
(SEM-1.2KV) S/N C125 

FIGURE AID- WIRE BOND AT DIE 

430X 
{SEM-1.2KV) S/N C125 

FIGURE All - WIRE BOND AT LEAD FRAME 
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FIGURE Al3 - LOGIC DIAGRAM 
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APPENDIX A3 

CONSTRUCTION ANALYSIS 

4013B 

MANUFACTURER C 

DUAL D EDGE TRIGGERED FLIP FLOP 

DATE CODE 7652C 
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MICR0CIRCU1T CONSTRUCTION INFORMATION 
 mnmi ANALYSIS  

S/N_ €141 DATE CODE JfiSL DATE: 8/2/77 

PART NAME:      DUAL D ED6E TR166ERED FLIP FLOP ^ITH CLEAR AND PRESET 

HANUFAaURER'S PART NO:    CD4013BJ/RC3383         MANUFACTURER: 

GENERIC PART NO: 4Q13B PACKAGE TYPE:_ 14 PIN DIP 

MILITARY SPECIFICATION TYPE:   H38510/05101BDC 

1                               DESCRIPTION DETAIL 

[DIE 

Passivation Type Silicon Dioxide 

GUsslvatlon Type Vapox 

Basic Die Construction Planar 

Die Dimensions 0.0S4 X 0.063 

Metallization Type Aluminum 

1   Metallization Thickness 

Number of Metallization Layers One 

Metallization Interlayer Insulation Type None                                                             1 

Bonding Pad Size 0.005 X 0.005 

Die Photograph (See Figure A21) 

Scribe Method Mechanical 

INTERCONNECTIONS 

Sold Silicon Eutectlc Die Mounting Material 

Wire Material Aluminum 

Wire Diameter 0.001 

Longest Lead Length 0.078 

Wirt Bond Typc(s) Post Ultrasonic (Stc Figure A18) 

Die Ultrasonic (See Figure A17) 

Interconnection Photograph (Set Figur«  A16) 

Al 7 
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DESCRIPTION DETAIL                                    j 

PACKAGE 

Alloy 42 Lnd/Lead Frame Material 

Lead/Lead Frame Finish - Internal Gold Plate 

Lead/Lead Frame Finish - External Gold Plate 

1   Lead/Lead Frame Finish - Feed Thru None 

Header/Case Material Ceramlc 

Cap/Lid Material Ceramic 

Case Seal Material/Method Glass Frit 

Lead Sral Material/Method Glass Frit                                                       | 

Cavity tlze 0.1S9 X 0.263                                                 | 

Package Photograph (See Figure Al5)                                      | 

Note: 

1.    All dimensions are in inches. 

Al 8 
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4X S/N C143 

FIGURE PACKAGt  fHCTOGRAPH 

I5X S/N C143 

Fi&'Ri INTiRuONNtCTION PHOTOGRAPH 



525X 
(SEM-1.2KV) S/N C141 

FICiRE Al 7 - WIPE BOND AT DIE 

430X 
(SL 1.2(0,/; 

FIGURE A|'i - WIRE BOND AT LEAD FRAME 

S/N C141 
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APPENDIX A4 

CONSTRUCTION ANALYSIS 

4013B 

MANUFACTURER B 

DUAL D EDGE TRIGGERED FLIP FLOP 

DATE CODE 7643 
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MICROCIRCUIT CONSTRUCTION INFORMATION 
 BASELINE ANALYSIS  

S/N A23 DATE CODE 7643 DATE:    5/2/77 

PART NAME:      DUAL D EDGE TRIKSRED FLIP FLOP 

MANUFACTURER'S PART NO:    CCL4013A/BD MANUFACTURER: 

GENERIC PART NO: 40131 PACKAGE TYPE: 14 PIH DIP 

MILITARY SPECIFICATION TYPE: »38510/05101BDC 

j                               DESCRIPTION DETAIL                                     { 

bi 
Passivation Type Silicon Dioxide 

Glasslvatlon Type Phosphorus Glass- 

Basic Die Construction Planar                                                       P 

Die Dimensions 0.047 X 0.057 

Metallization Type Aluminum 

Metallization Thickness 

Number of Metallization Layers One 

Metallization Interlayer Insulation Type None 

Bonding Pad ^ize 0.0037 X 0.0037 

Die Photograph (See Figure A28) 

Scribe Method Mechanical 

INTERCONNECTIONS 

Gold Silicon Eutectic                               | 
Die Mounting Material 

Wire Material Aluminum 

Wire Diameter 0.001 

Longest Lead Lengtn 0.106 

Wire Bond Type(s) Post Ultrasonic (See Figure A25) 

Die Ultrasonic (3ee Figure A24) 

Interconnection Photograph (See Figure   A23) 
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DESCRIPTION - DETAIL                                     | 

PACKAGE 

Kovar Lead/Lead Frame Material 

Lead/Lead Frame Finish - Internal Gold Plate 

Lead/Lead Frame Finish • External Sold Plate 

Lead/Lead Frame Finish - Feed Thru Molybdenum-Manganese 

Header/Case Material Ceramic 

Cap/Lid Material Gold Plated Kovar 

Case Seal Material/Method Solder 

i   Lead Seal Material/Method Ceramic 

Cavity Size 0.161 X 0.383 

Package Photograph (See FigureA22)                                         1 

Note: 

1.    All dimensions are in inches. 
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21X S/N A23 

FIGURE A22 -  PACKAGE PHOTOGRAPH 

10X S/N A23 
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FIGURE A23 - INTERCONNECTION PHOTOGRAPH 
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660X 
(SEM-l.ZKV; S/N A23 

FIGURE A24 - WIRE BOND AT DIE 

930X 
(SEM-I.2KV) S/N A23 

^ 

FIGURE A25 - WIRE BOND AT LEAD FRAME 
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APPENDIX AS 

CONSTRUCTION ANALYSIS 

M38510/05401BDC 

MANUFACTURER C 

FOUR BIT FULL ADDER 

DATE CODE 7652A 

A32 
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NICROCIRCUIT CONSTRUCTION INFORMATION 
 BASELINE ANALYSIS  

S/N A22 

PART NAHE;      FOUR BIT FULL ADDER 

DATE CODE 7652A 0*TE;       S/2/77 

KANUFACTURER'S PART NO:     MM4608BJ/RC33384     HANUFACTURCR: 

GENERIC PART NO: 4008  PACKAGE TYPE: 16 FIN DIP 

MILITARY SPECIFICATIOt; TYPE:  M38510/05401BDC 

DESCRIPTION DETAIL                                    1 

[DIE 

Passivation Type Silicon Dioxide 

Glasslvatlon Type Vapox 

Basic Die Construction Planar                                                       1 

Die Dimensions 0.071 X 0.080 

Metallization Type Aluminum 

Metallization Thickness 

Number of Metallization Layers One                                                               | 

Metallization Interlayer Insulation Type None 

Bonding Pad Size 0.0044 X 0.0044 

Die Photograph (See Figure A36) 

Scribe Method Mechanical 

INTERCONNECTIONS 

Gold-Silicon Eutectlc 
Die Mounting Material 

Wire Material Aluminum 

Mire Diameter 
0.001 

Longest Lead Length cm 
Mire Bond Type(s) Post Ultrasonic (See Figure A32) 

Die Ultrasonic  (See Figure A31) 

Interconnection Photograph (See Figure A30) 
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j                           DESCRIPTION DETAIL 

PACKAGE 

Alloy 42 Ltad/LMd Frame Material 

Lead/Lead Freue Finish - Internal Alwlnun Plate 

Lead/Lead FrMC Finish - External Gold Plate 

Lead/Lead Frant Finish - Feed Thru None 

Header/Case Material Ceramic 

Cap/Lid Material Ceramic 

Case Seal Material/Method Glass Frit 

Lead Seal Material/Method Glass Frit                                                   | 

Cavity Size 0.161 X 0.270                                                { 

1   Package Photograph (See Floure A29)                                       1 

Note: 
1. All dimensions are In Inches. 
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4X S/N A22 

FIGURE A29 - PACKAGE PHOTOGRAPH 

13X S/N A22 

FIGURE A30   -   INTERCONNECTION PHOTOGRAPH 
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530X 
(SEM-1.2KV) S/N A23 

FIGURE  A31 - WIRE BOND AT DIE 

53 OX 
;SEM-I.?KV) S/N M23 

FIGURE  A32 - WIRE BOND AT LEAD FRAME 
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1 PARALLEL CARRY CIRCUIT - FIGURE A37 AND FIGURE A38 

2 ADDER CIRCUIT - FIGURE A39 AND FIGURE A40 

FIGURE A35 - FUNCTIONAL BLOCK DIAGRAM 
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FIGURE A38 -    SCHEMATIC DIAGRAM OF PARALLEL CARRY CIRCUIT 
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APPENDIX A6 

CONSTRUCTION ANALYSIS 

M38510/05401BEC 

MANUFACTURER D 

FOUR BIT FULL ADDER 

DATE CODE 7703 
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NICROCIRCUIT CONSTRUCTION INFOMMTION 
lASELlNE ANALYSIS 

S/N C154 

PART NWE:    FOUR BIT FULL ADDER 

DATE CODE 7703 DATE: 5/2/77 

MAmiFACTURER'S PART WO: 85744 

6ENERIC PART NO: 4008B 

MANUFACTURER: 

PACKAGE TYPE: 16 PIN DIP 

MILITARY SPECIFICATION TYPE;  M38510/OS401BEC 

DESCRIPTION DETAIL 

DIE 

P»$$1v«tion Typ« Silicon Dioxide 

Glasslvatlon Type Silicon Dioxide 

Basic Die Construction Planar 

Die Dimensions 0.081 X 0.085 

Metallization Type 

Metallization Thickness 

Number of Metallization Layers 

Aluminum 

One 

Metallization Interlayer Insulation Type Kcne 

Bonding Pad ilze 0.004 X 0.004 

Die Photograph (Sec Figure A48) 

Scribe fethod Mechanical 

INTERCONNECTIONS 

Silver Filled Epoxy Die Mounting Material 

Wire Material Aluminum 

Wire Diameter 0.0014 

Longest Lead Length 0.043 

Wire Bond Type(s) Post Ultrasonic (See Figure  A44) 

Die Ultrasonic (See Figure  A43) 

Interconnection Photograph (See Figure A42) 
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DESCRIPTION DETAIL                                j 

MCWß? 

tovar                                                     I LMd/LMd Franc Itattrlal 

1   Ltad/LMd Franc Finish - Internal Alumlnun                                                 1 

|   LMd/LMd Franc Finish - External Nickel Plate 

LMd/LMd Franc Finish - Feed Thru Tungsten                                                   1 

MMder/Case NateHal Geranie 

Cap/Lid Material Nickel Plated Kovar 

Case Seal Material/Hcthbd Solder 

Lead Seal Material/Method Ceramic 

Cavity Size 0.163 Dia. 

|   Package Photograph [         (See Figure A41)                                       j 

Note: 
1. All dimensions are in inches. 
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4X S/N C154 

FIGURE A41 - PACKAGE PHOTOGRAPH 

10X :   S/N C154 

:
IÜUHL A [NTEPCONNECTlO'i PHOTOGRAPH 

f 



E25X 
(SEM-1.2KV) 

S/N C154 

FIGURE A1! KL  BOND AT  DIE 

L'50X 
Sl.M-1 . ?KV 

S/N C154 

.GLRL A:'   -   W;K>   t5üNU_Ai__i.^ ;AD FRAME 



'DD 
(16) 

"-OUT 
(14) 

FIGURE A45.    SCHEMATIC DIAGRAM 

A49 

ir"iiaitstoMi^i^a*a^^^ 



r>t>- 

15 TO 
,ilo 

14 

13 

TO 
12 

n 

7Ü> 10 

FIGURE A46.    LOGIC DIAGRAM 

A50 

^^^.^Li-^^d-.::. ...-1..;_:.^ ^.:.:,r,J.^.^^-^aEd^ 



1« c- 

-011 SJ 

V00 • f,n  16 
VSS • «in | 

&.    PARALLEL CARRY CIRCUIT - 

A CARRY INPUT CIRCUIT 

A OUTPUT CIRCUIT 

ADDER 3 CIRCUIT 

FIGURE A49 AND FIGURE A50 

FIGURE A51 AND FIGURE A5Z 

FIGURE A53 AND FIGURE A54 

FIGURE A55 AND FIGURE A56 

FIGURE A47 - FUNCTIONAL BLOCK DIAGRAM 
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S/N C154 

FIGURE A48  -  DIE  PHOTOGRAPH 
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FIGURE A51- CARRY INPUT CIRCUIT 
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FIGURE A52- SCHEMATIC DIAGRAM OF CARRY INPUT CIRCUIT 
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APPENDIX   A7 

CONSTRUCTION ANALYSIS 

M38510/05601 BEB 

MANUFACTURER A 

DECADE COUNTER/DIVIDER 

DATE CODE 7628 

A56 
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NICROCIRCUIT CONSTRUCTION INFORMATION 
 BASELINE ANALYSIS  

S/N B53 DATE CODE 7628 DATE: 2/8/77 

PART NAME: DECADE COUNTER/DIVIDER 

MANUFACTURER'S PART NO: HC14017BAL 

GENERIC PART NO: 4017 

.MANUFACTURER: 

PACKAGE TYPE: 1^ PIH PIP 
MILITARY SPECIFICATION TYPE:   M3B510-05601BFB 

DESCRIPTION DETAIL 

DIE 

P»s$1v«t1on Type Silicon Dioxide 

Glasslvatlon Type Vapor 

Basic Die Construction Planar 

Die Dimensions 0.080 x 0.080 

Metallization Type Alumlntm 

Metallization Thickness 

Number of Metallization Layers One 

Metallization Interlayer Insulation Type None 

Bonding Pad-rSIze 0.0048 x 0.0048 

Die Photograph (See Figure A63) 

Scribe Method Laser 

INTERCONNECTIONS 

Gold Slllcone Eutectlc Die Mounting Material 

Wire Material Aluminum 

Hire Diameter 0.001 

Longest Lead Length 0.071 

Hire Bond Type(s) Post 
* Ultrasonic (See Figure   A60) 

Die Ultrasonic (Sec figure   A59) 

Interconnection Photograph (See Figur« A58) 

A57 
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DESCRIPTION DETAIL             | 

PACKAGE 

Alloy 42 Lud/Ltad Frame Material 

Lead/Lead Frame Finish - Internal Aluminum 

Lead/Lead Frame Finish - External Tin Lead Plate 

Lead/Lead Frame Finish - Feed Thru None 

Header/Case Material Ceramic (A1203) 

Cap/Lid Material Ceramic (AlgO.) 

Case Seal Material/Method Glass Frit 

Lead Seal Material/Method Glass Frit 

Cavity Size 0.25 x 0.162 

{ Package Photograph (See Figure A57)             | 

Note: 
1. All dimensions are in inches. 
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3X S/N B53 

FIGURE A57 - PACKAGE PHOTOGRAPH 
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FIGURE A59  -  WIRE bOND AT  DIE 

S/N B51 

FIGURE ^^..^JÜREJMLALiLAOBML 

AoC 

L 
MM,.   f 1— MJÜIIIIÜIM   I ■. -     ■:■.-.:■■■   >:■  -     - i    . 



»  -f 

Pr- 

cn t>. 

'lahur' 

t». VO 

'lariur' 

1— «\J 

'mniir' 

o 82 
^llfc-TWl irV 

OIO CO—» oi5        U>00 

< 
o 
o 

to 

< 

A61 

1 it 
L 

L-—_■.^.^.-.-^ .,-     -  -. ^-   T a«. ^■■—.  ^a^^^mmmm 
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CLOCK 
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RESET Ch 
(15) ^ 
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(3)  (5)  (4)  (9)  (10) 

1 INPUT CIRCUIT AND A TYPICAL OUTPUT CIRCUIT - FIGURE A64 AND FIGURE A65 

2 A TYPICAL FLIP/FLOP CIRCUIT - FIGURE A66 AND FIGURE A67 

3 F/F.2 INPUT GATING CIRCUIT - FIGURE A68 AND FIGURE A69 
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FIGURE A62. FUNCTIONAL BLOCK DIAGRAM 
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S/N B53 

FIGURE A63   - DIE PHOTOGRAPH 
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IGUKl   A64.     INPin   CIRCUIT  AND A  TYPICAL OUTPUT   CIRCUIT 
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FIGURE A65-    SCHEMATIC DIAGRAM OF DEVICE  INPUT CIRCUIT AND A TYPICAL OUTPUT CIRCUIT 
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FIGUREA66 - A TYPICAL FLIP/FLOP 
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FIGURE A67- SCHEMATIC DIAGRAM OF A TYPICAL FLIP/FLOP CIRCUIT 
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FIGURE A68 - F/F2 INPUT GATING CIRCUIT 

FIGURE A69 - SCHEMATIC DIAGRAM OF F/F2 INPUT GATING CIRCUIT 

A67 

_^ _i,  ^ !-J.LlflBIM!!SaJ 



A 

}?; 

APPENDIX A8 

CONSTRUCTION ANALYSIS 

M38510/05601BEB 

MANUFACTURER D 

DECADE COUNTER/DIVIDER 

DATE CODE 7703 

A63 
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NICROCIRCUIT CONSTRUCTION INFOMUTION 
 BASELINE /WALYSIS  

S/N A341 MTECODE 7703 DATE: 7/20/77 

PART NAME: DECADE COUNTER/DIVIDER 

HAHUFACTURER'S PART NO:       85746 MANUFACTURER: 

6ENERIC PART NO: 4017 „PACKAGE TYPE:  16 P1H DIP 

MILITARY SPECIFICATION TYPE:                       M38510/05601 BEB 

{                                DESCRIPTION DETAIL 

[DIE 

1   Passivation Type Silicon Dioxide                                    1 

filasslvatlon Type Silicon Dioxide 

Basic Die Construction Planar 

Die Dimensions 0.075x0.078                                         | 

Metallization Type Aluminum                                                  1 

Metamzatlon Thickness 

Number of Metallization Layers One 

Metallization Interlayer Insulation Type None 

Bonding Pad Size 0.0038 x 0.0038 

Die Photograph (See Figure A76) 

Scribe Method Mechanical 

INTERCONNECTIONS 

Silver Filled Epoxy Die Mounting Material 

Wire Material Aluminum                                                  1 

Wire Diameter 0.0013 
Longest Lead Length 0.074 

Mire Bond Type(s) Post Ultrasonic (See Figure A73) 
Die Ultrasonic (Sec Floure A72)' 

Interconnection Photograph (See Figur« A71) 

A69 
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t: 

DESCRIPTION DETAIL                                    1 

PACKAGE 

Kovar Uad/Lead Frame Material 

j   Lead/Lead Frame Finish - Internal Aluminum 

Lead/Lead Frame Finish - External Nickel Plate 

Lead/Lead Frame Finish - Feed Thru Tungsten 

Header/Case Material Cerami c 

Cap/Lid Material Nickel Plated Kovar 

|   Case Seal Material/Method Solder 

Lead Seal Material/Method Ceramic 

Cavity Size 0.228 x 0.178 

]   Package Photograph (See Figure A70) 

Note: 
1. All dimensions are in inches. 
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3X S/N A341 

FIGURE A70 - PACKAGE PHOTOGRAPH 

18X 

FIGURE A71 - INTERCONNECTION PHOTOGRAPH 
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S/N A341 

FIGURE A72   - WIRE  BOND AT DIE 
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S/N A341 

FIGURE A73  -  WIRE  BOND AT  LEAD FRAME 
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FIGURE A79. lYPiCAL FLIP/FLOP CIRCUIT 

DATA 
(D ) 

CLOCK 
RESET 

-■p.: 

HJ Vdi 

dp, 

Jt 
U5 

Kit1 —'—1 n 
ti 

mi 

'«-'P14 

-J t— 
«15 L 

td. 

j; NMÜlt 
■> » 

PI« A 
V.i 

l»jp II 

J5 
Vi. 

-o  Q, 

rJGM. A80., . SCHLMATIC UlAGRAil OF  FL IP/FLOP CIRCUIT 

A77 



4   I 

na- id. 

H—°"b 

55 5) 

FIGURE Ä82. SCHEIIATIC DIAGRAM C': 

F/F2 INPUT GATING 
CIRCUIT AND. QF TUÜ 
TYPICAL OUTPUT CIRCUITS 

FI GUPI F/F? INPUT GATING CIRCUIT AiJD 
TWO TYPICAI OUTPUT CYRCU'ITS 

A7S 



APPENDIX B 

ELECTRICAL TEST CONDITIONS 

TABLE OF CONTENTS 

PAGE 

INITIAL/FINAL AND INTERIM TESTS FOR 4001B   B2 

DYNAMIC TESTS FOR 40C1B   B3 

4001B SPECIFIED TESTS/LIMITS  B4 

4Ü01B CIRCUIT DIAGRAMS  B7 

INITIAL/FINAL AND INTERIM TESTS FOR TESTS FOR 4013B   B8 

DYNAMIC TESTS FOR 4013B   B9 

4013B SPECIFIED TESTS/LIMITS  BIO 

4013B CIRCUIT DIAGRAMS  B15 

INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-38510/05401   B19 

DYNAMIC TESTS FOR MIL-M-38510/05401   B20 

MIL-M-38510/05401 SPECIFIED TESTS/LIMITS  B21 

MIL-M-38510/05401 CIRCUIT DIAGRAMS  B27 

INITIAL/FINAL AND INTERIM TESTS FOR MIL-M-38510/05601   C28 

DYNAMIC TESTS FOR MIL-M-38510/05601   B29 

MIL-M-38510/05601 SPECIFIED TESTS/LIMITS  330 

MIL-M-38510/05601 CIRCUIT DIAGRAMS  B31 

Bl 



TABLE Bl.    D.C. TEST LIST FOR 4001B 

|         INITIAL/FINAL 

TEST #'5 

INTERIM                     1 

TEST #'5 

PARAHETER i        25^ +125CC -550C 

1 VIC (POS) 1,2.3,4,5,6,7.8 1.2.3.4.5.6.7.8 

1 VIC (NEG) 9,10,11.12.13.14,. 
15.16 

9,10.11.12,13.14, 1 
IS.16 

|  ISS 17.18.19 17,18.19 17.18,19                   j 

VOL 1 20.21.22,23.24. 
25.26.27 

20,21,22 
23.24.25 
26,27 

20,21,22,23. 
24.25.26.27 

20.21.22.23.24. 
25.26.27                   j 

1 VOL 2 28.29,30,21,32, 
33,34,35 

28,29,30 
31,32,33 
34,35 

28.29.30.31. 
32.33.34.35 

28.29.30.31.32.33. 1 
34.35 

f VOL 3 36,37,38,39.40. 
41.42.43 

36,37,38 
39,40,41 
42.43 

36.37.38.39. 
40,41.42.43 

36.37.38.39.40. 41, 
42.43 

1 VOH 1     ., 44,45,46,47 44.45,46,47 44,45.46,47 44.45,46,47              j 

1 VOH 2 48,49.50,51 48,49.50,51 48,49,50,51 48,49,50.51              j 

VOH 3 52,53.54,55 52,53,54.54 52,53,54,55 52,53,54,55              j 

1 IIL 1 56 
56                   -1 

j I1L 2 57.58,59.60. 
61.62.63.64 

1IH 1              1 65 65                      1 

I1H 2             | 66.67,68,69, 
70,71,72,73 

It 
B2 



^.^SS-w^^&aWirsi-^^Ji*^^ 

TABLE B2.    A.C. TEST LIST FOR 40018 

PARAMETER DYNAMIC TEST 

CI 74-81 

t PHL 82-89 

t PLH 90-97 

t THL 98-105 

t TLH 105-113 

83 
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TABLE B3.    TEST SPECIFICATIONS FOR 4001B 

- n 75f ya 
SH 

^m 

sin 7 ivn v 2 WTTT 

1 1 1 J • S « ; t 9 10 II 12 1] 11 IJ It 

it 
I,-25C 11« '«■•»i — " 1 

«a 1« III lr f _«_ -it.- VSS » 38 3> 4r «A 41 VCD im wi nn <*t IIKJJMI B!» 
— "•" — Til "~~~ .—_- — " ■ 

— 
0.     

VIC 1 In WD 1« un Vdc 
(WS) 2 

1 

4 

s 
( 

I« 
1« 

1w 

'- 1« 

11 

a 
» 

;    1 

i 
1 

J In 4A t • I« 41 

vic 9 -IM CM 1« U.d »« 
(.•(■5) 10 1« II t 

II -In » 
12 -In 21 
13 -if* » ! 
14 -)M M 
IS 
It v 

0 

-1« 
1-lM 

U 
41 

1 

as 3005 17 IS.OI »O '■10   u.ov c 15.0» Gia 01O ! 13.0V 15.0» vss -1 0 300 A 

1 It GO 11.0« I].'JV| ftiO i CO 15.0« I3.3VI '.»0 * « i u CM CIO OK) 1 lii'lO GM) CO CO , cm 

CUD Is» /Oil 3nS ?0 VH! am iou MI   ' CIO fi«ß GW) CO 5.3V IV ro.4 0.4 0.4 voc 
?1 C^ vm I Oil 1«        , ' 1           1 IV >; £« 00 ICL1 /1H1   '    ♦ 1 2r 
?3 1 1011 «10  vim 

1 
21 

^4 1     ■ CSD vim 1011 f 3» ♦ t it « f CO t KO    VlMI 1011 ♦ 3» 
iO 1.0 i-m c-m r,:o G10 CO      G.10 1011 V1H1 c-u i 5.0V 4V r 

35 

0.4 0,4 1 

;3 VIH1 

an 1 

0« ! 

y.o GU «a G.-J)  j  MO 

GJiO 1 M) 

1011 CIO 

GNO 

»IHM   i.OV 

cwo    ;.ov 

4V 0.4 

Tsl 
—- 0.4 

.05 VU.2 10* no CIO G») 1» , 
; ;9 5.10 VISl iVIO 1 I 

lr t 

iO CIO Vl.ll 21 1 
31 , rjm vim 11 I 
32 CIO vim 3V i 
" 

* 
G.« VIH) 1     1 3V 

\ 
, 

34 a;4D vim 
1 

4» 11 t » 14 1 
CO (»0 vim 4V 

IvOU 1 300«; 38 VI« ac G.« 110 GUI KO 00 CIO r.in I5.BV iv i 5 1.5 -.5 .* 
j; au V1H2 w i , . , IT I 
38 UIO »1« 

* ' 
2V 

3» 1 ■ wo Vl« 2V j 1 
«0 . cc viw 3V 

; «i 1 1 1      Ml viw 3V 1 

i;i 
1« 
1" 

1 i 1  f 41.1 »l:i2 
G:JU VIH? ♦ 4V 

4V i      ♦ ' 
f 

«HI '300;    !« Vlll vai im 5.0V 5.0V C» ' 5.0V 5.01» 5.0« 5.,» 5.0V IT 4.1 «. 4.J Vdc 

i!i .31 4.0» 5.:» ICHI V1L1 VIUI t 1 . i 1 11 1 i 1 
5.0V 5-OV 1   ,111 

•    ■  5.0V 
Vlll 10:11 T 

IV j | ( 
I   l  i " ♦ t * i.O'l lorn Vlll VII 1 4» 

/ÖH?     3ii> '.8 mi nrr -nw TTT ■mr •i 5V ? m 5.W n1 
"T7V - IT " T.fl PT r ».«sr 73c 

i 1 
19 S.JV s.ov »111 »ill 1 » i ' !1 1 * 

]   1 

'.0 » 1 5.0V 5,0V 1 Vlll vii.: 1 1 * 31 

r 
' 

SI 5.0V 5.0V i 5.0V 5.0V Vlll »in 5.0V «V f 

I1.it ': nil 3; VI17 vu? 15. V 15. nv ''■» ' 13.CV u.ov 15,:« 15 ■ 15.0V 1» 135 13 I133 »*: 

1 ,   i'J 13.3» 1S.JV t'il IKl 1 i 
VllJ 

1 
V'U 

-•» 
i 111? ♦ ) 15 OV 13. )V 1     |V1"    V1U 

'  iisovlis..?» r 
3 V ♦ 1 { 

ULI M'J9 ' SS IVO C1D QKD r.-io c 0 ' o™ 1 C"0 
..._ 

-,■« 

G'O" 

GNC 15 OV 

-• 
•0 1 

~-\. 3— 
.._ _- rrrr 3004 ' ',7 uio (Ml ato CiB c 10 CNO  ^ GU T3 0V 

1« . . | II 1 
5« 1 .'» i ;«« 21 ! 

Ui 3« | !« 1 11 

1 ill ' 1 f 4« 
» f 

-- 
ln\ 3011 ' «5 IJ.OV IJ.OV 19 OV IS.l'V 6.10 1S.C. 15.0V HO. 11.0 15 OV Ml ell 

lüvlTüt« 

-t: IK! 3010   f.e 19.J' r.'.u ;■« CMT Ml) OHO tllO ',:« ^.v: .■■0  'i. 1        11 D «» 
1      .^ KM) 15,1* r.M) , 

1 in 
^M i-'h) 19 -V .'A , 
1.9 15 OV {        29 

;o .1C U nv 1        34 | 
n 
'l 
n 

1 

1 1 
IS ,v 

♦ 
iJ ■v 

<i •■• 

1          '• :.     U 

1         1        •« 1 1 
J 1  1—:—1—1—1—  L ,a... i_i_„ 

,', 
B4 

%: 



</) 

1    -: 1 t • 1      » 

e 
S 

1 

: KTyw 

s 
1 

1 

J 
9             • •     , t __ . hx\x\x •■                        — 

• •n^_ — s -• 9           -   _, »                     , 
• w < «> ; , !          • 

c s . R « » , s               « 

7 * E i o 1 , g 

c c 
i 

3 , « « s « ?       -   —• 

11 5fRÄÄ«55 
»i;eo©o«e trSKSSSS rtsRsss; 

s ►s e          ■ « .8 = .. :— — I • o 

5 < s 8 1— .. i- -  ». |-   - — 1—*. 

M 5 < s S S-     -1 ! ——| S--.—? ! -1 

- 5 : »■ UW ou wu uw 

o A 

1 
1 
i 

S s WW w WW W« 

- R 
j 

< ^ 
s S     —si 1-   —f:| i    —5! 1-  —3? 

- S < ■ s i- —m 1    —??1 1  —i - i    —3 -• 

- JS ! * 
| 

- .' ! • |           . f  • 7   .-. - ..-» 

m s < <• « 5 —1   - 5 •••;   • j "1 • 3 -1    *| 

m 8 < - s s?-s    - l>l-   • ll'l    ■* 

« s • M UAJ wu uu WW 

" »• - ^ ww SJ« WU wu 

n s < *i 5 .'-!      ^ ;:-! 5*5          * >Z-      • 

- : < - 
- 

-1 -i -r    ■• -t 

1 « 1 1 

• 
<* o •* 

s 
'j;?sa--'Sv- **ySi*^5i j'J?.:.3;;,'.r sifi-; ~~ 

41 Li n    . r • 
- ?               * 

J 1 i i j:                » 
s1 

3 y           •» 

?>  ^ 

- E 

wl  'U  C U. 

n. «j c   CJ 

tU   ^    Oi     r— 

- It- 

B5 

11?.«» 



TABLE B3. TEST SPECIFICATIONS FOR 4001B (Cont.) 

TEMP. VIL} vim VIL2 VIH2 IOL1 I0H1 

250C 1.1 3.8 3.36 11.42 0.51 -0.2 

-550C 1.35 3.95 3.65 11.7 0.64 -0.25 

1250C 0.85 3.6 3.03 11.12 0.36 -0.14 

JNITS V V V V mA mA 
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PULSE GEN 

» NOTE: All unused 
inputs must be tied 
to VSS. 

VoD'SV 

OUTPUT 

-vss 
TEST CIRCUIT 

■x CL 

RL- 200 kn 
CL « 50 pF ±5 
(includes wiring 
and probe 
capacitance) 

INPUT    2.6V'■ 

0.5V-/ 

»THL 

DYNAMIC   TEST   WAVEFORMS 

'TLH 

', 

Input pulse 

VGEN = VoDi1-0* 
tpH   =• 2.5 + 0.1 us 

'THUD S HlHd) ' 10ns 

Pulse repetition period « 5.0 *_ 1 us 

FIGURE B1. SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 
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TABLE B4.  D.v. TEST LIST FOR 4013B 

PARAMETER 

INITIAL/FINAL 
TESTI'S 

INTERIM j 

TEST #'S 

25eC ♦125CC    1 -559C 25»C    | 

vic (ros) 1,2.3.4,5,6, 
7,8        ! 

1.2,3.4.5.6 

1 VIC (NEC) 9,10,11,12,13 
14,15 

9.10.11.12,13,1 
14.15      { 

| ISS 17.18,19 17.18.19 17.18,19    | 

[VOL 1 20,21.22.23 20.21.22.23 20.21.22.23 20.21,22.23  1 

VOL 2 24.25,26,27 24.25.26.27 24.25.26.27 24.25,26,27 

| VOL 3 28,29,30.31 28,29,30,31 28,29,30.31 28,29,30,31  1 

1 VOH 1 32,33,34,35 32,33,34,35 32.33,34,35 32,33,34,35  | 

1 VOH 2 36,37.38.39 36,37,38,39 36,37.38,39 36,37,38,39  1 

[ VOH 3 40.41,42,43 '.0,41.42,43 40,41.42,43 40,41,42,43 

1 IIL 1 44 44 

I IIL 2~^ j 45,45,47,48, 
49,50.51,52 

1 IIH 1 53 ' 53     } 

1 IIH 2 54,55,56,57,58 
| 59,60,61,62 

T 
B8 



TABLE B5. A.C. TEST LIST FOR 40138 

PARAMETER DYNAMIC TEST 

CI 62-69 

TRUTH TABLE 70-86   | 

t PHL 87-90 

t PHL (R or S) 91-94 

t PLH 95-98 

t PLH (R or S) 99-102 

t THL 103-106 

t TLH 107-110 

fcL 111,112 

TTLHCL 113.114 

tP 115,116 

t SHL 117,118 

t SLH 119,120 

t HHL 121,122 

! t HLH 123,124 1 

B9 
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TABLE B6. TEST SPECIFICATIONS FOR 4013B 
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TABLE B6. TEST SPECIFICATIONS FOR 4013B (Cont.) 

TEMP. VILl VIH1 VIL2 VIH2 IOL1 I0H1 i 

p50C 1J 3.8 3.36 11.42 0.51 -0.2 

L550C 1.35 3.95 3.65 n.7 0.54 -0.23 

n250C 0.85 3.6 3.03 11.12 0.36 -0.1J 

lUNITS V V V V mA mA 1 

\ 

1: _. 
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PULSE 
GENF.RATOR 5^01 OUTPUT 

O 

RL»200Kohm» 
CLe50pF±5 0pF 
(INCLUDES WIRING AND 
PROBE CAPACITANCES) 

- Vss^OV 

«TLH tTHL 

PULSE 
GENERATOR 

INPUT 

OUTPUT 
Q 

OUTPUT 
Q 

tPHL-^ 

NOTES: 
L   Tlie pulse punpiator has tlio followinß characteristics:  Vgcn= VDD

1
^! ^^y 

cycle - 5tf*, tjui = ITHL— 20 «i.     and pulst repetition period = 5.0i0.5 ^s. 
2. Identical switchini; mcasui'emcnts arc outlined from F/F No. 1 and F/F No. 2. 
3. For fcL nnd 'P l,>c pulse repetition period is variable. 

FIGURE B2. SWITCHING TIMES TEST CIRCUIT AND WAVEFORMS 

■^ 

I: B15 

m 
r 



PULSE 
GENERATOR 

Hol 

OUT     X 
PULSE   "=• 
GENERATOR No 2 

DI 

02 

CL2 

yoD"5.0V 

E 
± 
Sl 

F/F No I 
Rl 

J 

S2 
F/F No 2 

R2 

V°i 
2^QI —o  

■5o02 

I5" -vss.ov 

OUTPUT 
-O 

OUTPUT 
-O 

jtCL    |RL       ^CL 

—* 

RL 

-ov T = ov 
RL«200Kohm» 
CL=50pF±5.0pF 
(INCLUDES WIRING AND 
PROBE CAPACITANCES) 

INf'C'T 

RtSCT 
INPUT 

OUTPUT 
0 

OUTPUT 
S 

ITLH- 

4.5V— f^ 
2.5 V — 
0.5 

I 1 H-'THL 

*- tpH-*i 

VGEN 

»PH —J »TLH-H f- 

4.5V — 
DELAY 

an tTHL 

2.5V   VGEN 

/ 

IPLH«S) — 
— lPH -4 

IPHL<»" 

k-lpML(S) -^ 

\ 
.2.5V 

- y 2.5V 

tr PLH tR) 

NOTES: 
1.   The pulse penerators have the followinc characteiisttcs:  V^cn = VDD *1%. 

tPII = 1. OiCl^is, tTHL= tTUI-20 "• and pulse repetition period = 
S. OiO. 5 na. 

i.   The renet pulse delay is 2. 5 *0.25 ßs. 
3i   Identical switching measurements are obtained from F/F No. 1 and F/F No. 2. 

FIGURE B3. SET-RESET SWITCHING TEST CIRCUIT AND WAVEFORMS 

B16 

i\> 

r 



PULSE 
GENERATOR 

Ko2 

Voo«5.0V 

SYNC 
IN 

PULSE    'sr 

GENERATOR No I 

Lo*L 
3     CLI 
—O 

9 

Sl 
F/F No I 

Rl 
2   Ql 

—O—- 
OUTPUT 

-O 

RL»200Kc^ms 
CL " 50 ± 5.0pF 
(INCLUDES WIRING AND 
PROBE CAPACITANCE) 

PULSE 
GENERATOR 

No I 

PULSE 
GENERATOR 

No 2 

0 
OUTPUT A /      t 

NOTES 
1. Pulse penrrator No. 1 has the lOllowinR characleristics:   Vpon = VDD *1% duly 

cycle = 5Ü'i,, tlLH = t'liil.- 20   "» tnd pulse repetition period = 5. 0 lO. 5 fiS. 
2. Pulse generator No. 2 has the following characteristics:  V^en = VDD*1'0^' dut>' 

cycle = variable, txm ="• iTUL—20 »• and pulse repetition per.od = twice 
that of pulse generator Ho. 1. 

3. Identical measurements arc obtained from F/F No.  1 and F/F No. 2. 

FIGURE B4.       SET-UP TIME TEST CIRCUIT AND WAVEFORMS 
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PULSE 
GENERATOR 

No2 

jVoo^S-OV 

SYNC 
OUT 

RL " 200K ohm» 
CL"50±5.0pF 
(INCLUDES WIRING AND 
PROBE CAPACITANCE) 

PULSE 4 5V 
GENERATOR 

No I 0 5V 

H^-lHHL 

PULSE 
GENE RAT OH 

No 2 

0 
OUTPUT 

4 J>V— + \f V~ 

-JU-tTHL —It—tT'H 

J      \ 0 
-2 5V VGEN 

VDO 

NOTES: 
1. Pulse Eeneralor No. 1 has Uic foUowing characteristics: Vgcn = VDD J ^i ^üity 

cycle = SOQD, txui = 'lUL— 20 ns and P^'sc repetition period = 5.0 lO. 5 us. 
2. Puls.c generator No. 2 has the following characteristics: VKcn = VDDI1%, duty 

cycle = variable, iym = txHL.-20 ns and Pulse repetition period = twice 
that of pulse i;rnciator No.  J. 

3. Identical mcasureiDcnts are obUtined from either F/F No. 1 and F/F No. 2. 

FIGUR£ B5.    HOLD TIME TEST CIRCUIT AND WAVEFORMS 
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TABLE B7. D.C. TEST LIST FOR M38510/05401 

PARAMETER 

IMITIALi 

TEST 

fFINAL 

f'S 

INTERIM 
TEST I'S 

25'C ♦125«C -55*0 25»C 

VIC* 1-9 1-9 

VIC- 10-18 10-18 

ISS 19-46 19.'6 10-46 

V0H1 47-52 47-52 47-52 47-52 

V0H2 53-58 53-58 53-58 52-58 

V0H3 5?-77 59-77 5S-77 59-77 

V0L1 78-82 78-32 78-82 78-82 

V0L2 83-37 P3-87 83-27 83-87 

V0L3 88-l(V! 88-104 08-104 88-104 

IIH 1C5 106-114 105 

IIL 115 116-124 115 

819 
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TABLE B8. A.C. TEST LIST cOR M38510/05401 

1   PARAMCTER             J DYNAMIC TEST    1 

CI 125-133 

TRUTH TABLE 134-161        j 

t PHL 162-177 

1   t PLH j     .                     178-193 

t THL j                            194-199       j 

t TLH 

i ___—_ 

200-205 
j 

B20 
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«wW i'.nfiWfgt'WJiMIMl WMit W 

Voo'S-OV 

RL = 200 kfl 
CL 3 50 pF *5.0 pF (Includes 
wiring and probe capacitance) 

INPUT 
-4.5 V 

5 V 

—H     |—'TLH 

OUTPUT 

V6EN 

J 
■'PHL 

— V-2.5V 

NOFES: 

1. The pulse generator has the following characteristics: Vgen
sV[)o 11*. 

duty cyc1e=50%, tTLH = tTHL 3? 20ns and pulse repetition period = 50+5ws. 

2. See table B9 for complete terminal conditions. 

FIGURE B6. Switching Times Test Circuit and Waveforms 

IT 
1 V 
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TABLE BIO. D.C. TEST LIST FOR M38510-05601 

PARAMETER   I 

IWTIAL/FINAL                     1 
TEST I'S                       1 

INTERIM   1 
TEST f'S 

ZVQ            1 ♦125»C    1 -SS'C   1 zs'c     i 

1 I1H 1-3 1-3 1-3 1-3 

1 IIL        i 4-6 4-6 4-6 4-6    J 

1 VUH 1 7 7 7 7 

1 VOL 1 8 & 8 8 

1 VOH 2 9 9 9 9 

1 VOL 2 10 10 10 10     | 

j vi ür 11 11 11 11      1 
1 vi rr 

1   12 12 1    12 12 

| VIR 13 13 1'    13 |   13     { 
1 ISS | 14.15 14,15 1  14.15 1  14,15     1 

828 



TABLE Bll.A.C. TEST LIST FOR M38510/05601 

PARAMETER                 1 DYNAMIC TEST  1 

CI 16-18         ! 
1 

t PHL 1 19 
l 

t PHL I 20             1 
1 

t PLH 1 *1 

t PLH 2 22             | 

t ThL 1 2.            ' 

t THL i 24            i 

t TLH 1 2b             j 

t TLn 1 2t.            | 
1 

t SHL   1 ji                                                             t 

t SiiL 2 2.« 
1 

t MIL 3 

t PHL ; *'''             i 
j   t riiL \. 1 

t 
I B29 
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INPUTS                          j OUTPUTS             j 

Clock 
Clock 
enable Reset Dn-1 Qn Nn "OK 

X H L X    | Qn-1 Nn-I "OK-l 

X X H X L> L H 

"V. X L X Qn-l Nn-1 "OK-l 

J~ L L L L N-ln-1 "9n-l 

J- L L H     I 1        H N-ln-1 "9n-l 1 
Oirchip 

N = any decoded output, "I" through "9". 

(No change) 

(No change) 

FIGURE B7.Truth Table 
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r 

ClOCI 

€l©t» 

•o* 

*»* 
*»• 
•«■ 
•»* 
••' 
•»• 
••• 
•»• 

c*»*x our 

"v————^__——_ iftC «»tt II 

k   OUTPUT» 
i ltd NOTC >1 

NOT^S: 
1. Clock input pulse conditions:  VJH ' 14.5 V. VJL = 0.5 V. 
2. Reset and clock enable input pulse conditions:  Vir = 15 V, IL: OV. 
3.   Sec Table S4-3tests 9 and 10. tor output voltage levels (VOH2 and VoL2 respectivelyJ 

FIGURE   B8. liming diagram 
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NOTES: 
1. Clock input pulse conditions:  VJH = 4.5 V, VJL * 0.5 V. 
2. Reset and clock enable input pulse conditions:  \'m = 5.0 V, VJL = 0 V. 
3. Sec tableB4-3 tests 7 and 8, for output voltage levels (VQHI and VOLl respectively). 
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riGURi:B9.       Timing diagram 
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'IH ' 5V' VIL" 0V• 
3,5 Vat 25* C, 3.25 V at 125* C and 3.65 V at -55* C; Clock enable Input pulse conditions: Vj^g- • 

VlL • 1.5 V. 
Monitor each output.   Compliance established via no chance In slate of the observed output at 
•55*C •• T* v 125*C dunnp clock enable duration while clocking.   Acceptable output voltage 
levels (rum which to monitor a change ur no change In Mate of the observed output bhatl be 4.95 V 
minimum tor a "1" and 50 mV maximum lor a "0". 
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(SEE NOTE 2> 
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OUTPUTS 

(SEC NOTE-5) 

CAhftY OUT 

NOTES: 
1 Clock input pulse conditions:  V^ = 3.5 V during t! and 13, Vj^ = 1.5 V at 25*C, 1.25 V at 

125*0 and 1.75 V at -550C during t2 and VJL = OV. 
2. Reset and preset input pulse conditions:   VJH = 5.0 V, VIL = 0 V. 
3. Monitor each output.   Corapliar.cc established via no change in stale of the observed output while 

clocking at the 13 voliage levels.   Acceptable output voltage levels from which to monitor a change 
or no change in stale of the observed output shall be 4.95 V minimum (or a "I" and 50 ir.V. 
maximum for a "0". 

FIGURE B11.      Timing diagram 
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SEE NOTE Jl 

VJR » 1.5 Vat 

NOTES: 
1. Clock and clock enable input pulse conditions;  VJH   * 5 V, VJL « 0 V. 
2. Reset input pulse conditions:   VJH > 5 V during tj, VJR = 3.5 V during 12- 

25*C. 1.25 V at 125* C and 1.75 at -55*0 during l3 and vIL  « 0 V. 

3. Monitor each output.   Compliance established via setting all outputs to the low level state at i\t 

and tj and counting properly at all other times.   The low level stale «hall be 50 mV maximum at 

•55*0 <T   <125*C. 

FIGURE B12. TIMING DIAGRAM 
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KOTES: 
1.   Clock input pulse conditions:  0 to 5p voK squarewave,   f * 450 kHz 

§ 25* C and -SS* C. « 350 kHz 6 125* C.   lr and tf < 15 ns; 50 percent 
duty cycle. 

t.   Connect each output terminal to a load circuit as shown. 
3. Test each output separately. 
4. Load conditions: CL 

C
 50 pF; R^ ■ 200k Ohms. 

FIGURE B13. TRANSITION/PROPAGATION DELAY TIME TEST CIRCUIT AND 
WAVEFORM (CLOCK INPUT TO OUTPUTS). 
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(SEE NOTE 41 •OV 
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RESET OR CLOCK- 
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(MAX) (SEE NOTES I AND 4) 

NOTES: 
I.   When applying clock-cn.ible input iiulse connect reset inp>it to Vss then 

applyine reret input pulse connect clock-enable input to Vss- 
i,   IXirine tsHL2 ,est' «nonilor output terminal 2 only; during tsHLl ,e8t» 

monitor each output separately. 
3. Compliance is established via a change of state at the examined output. 
4. Clock input pulse conditions:  0 to 5.0 volt squarewavc.   ( * 450 kHz 

0 2S*C and-55*0, • 350 kHz y 125* C; tr and U< 15 ns; SO percent 
duty cycle. 

FIGURE B14.   REMOVAL/SET-UP TIMES TEST CIRCUII  AND WAVEFORM 
(RESET AND'CL^CK-ENABLE TO CLOU "INPUT)'.  
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NOTES: 
1. Reset input pulse condition:  tr and U < 30 ns. 
2. Apply clock pulses until output under tesi is in the "1" state 

(high level output volume state). 
3. Connect each output terminal to a load circuit as shown. 
4. Test each output separately. 
5. Load conditions: C^ - 50 pF; R^ = 200k Ohms. 

FIGURE B15.  PROPAGATION DELAY TIMES TEST CIRCUIT AND WAVEFORM (RESET) 
INPUT TO OUTPUTS). 

-f* 

\ 

B35 

I 

4 



APPENDIX C 

I PARAMETER CHARACTERIZATION 
I 

Cl 

1 



APPENDIX C 

PARAMETER CHARACTERIZATION 

Electrical parameter measurements were performed on all devices prior to 

the start of life test, during life test and at the conclusion of each life 

test. The initial and final data was summarized for each device life test and is 

shown in Tables Cl thru C24. A comparison was made to detect any shifts in 

parameter values which would have occurred during each accelerated life test. 

A shift in the mean parameter value between the pre-life electrical test 

and the post-life electrical test was not unexpected for parameters which had 

a history of failures during the interim electrical tests since in many cases 

a particular failure mechanism will cause degradation of the same parameter in 

all the test devices. Also the sample size for the post-life test electrical 

tests has, in several cases, been notably reduced. No attempt was made to 

detennine the mechanism(s) which caused shifts in parameter values which did 

not cause a device to fail an interim electrical test. Mechanisms for failed 

parameters are discussed in Appendix D. 

Lon<j term stability of the automated test equipment was verified by 

testing a control sample of each manufacturer's device prior to each interin 

electrical test. Where apparent shifts in parameters occurred which did not 

exhibit electrical test failures during interim tests, the data was compared 

to the control data to determine if the shift in data was due to test set 

drift or variations due to test set recalibration. There were no major shifts 

which could be attributed to parameter degradation which did not result in 

several devices failing that particular parameter. 
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APPENDIX D 
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1.0 INTRODUCTION 

All parts that failed an electrical test during Step Stress, Lot Accep- 

tance, and Life testing were analyzed to determine the particular failure 

mode, failure mechanism, and probable cause of failure. The general analysis 

procedure was as follows: 

1) All failed parts were retested on the Automated Microcircuit Tester 

to verify their failure. 

2) Room temperature failed parameters were confirmed using a curve 

tracer or, if necessary, a bench test set. 

3) The failure was isolated to a specific stage, element, and junction 

to the extent possible via external pin-pin curve tracer measure- 

ments. 

4) Failures were classified into subgroups on the basis of the analysis 

findings to this point. 

5) A representative sample of parts (the smaller of five parts per lot 

or the entire subgroup) from each identifianle subgroup was subjected 

to detailed analysis. 

6) Three parts or the excess number of parts over five in each subgroup 

per lot, whichever was less, were delivered to RADC. 

7) The remaining samples from each subgroup were subjected to the 

following steps to confirm their categorization and to obtain any 

additional information: 

a) Unpowered Bake - Each part was subjected to an unpowered bake 

and retested. The exact time and temperature of the bake 

depended on the time and temperature at which the failure 

occurred. Usually, an overnight bake (16 hours) at the test 

temperature sufficed. 

b) Leak Tests - Each part was subjected to a helium bomb fine leak 

test and a fluorocarbon gross leak test. 

c) Delidding - Each part was delidded and subjected to routine 

optical examinations and documentations. 

During this program, 981 failures occurred. A total of 679 failures were 

the result of excessive I,.,- at 250C caused by a reversible surface related 

02 



mechanism. Analysis of these 679 failures proved very difficult and time con- 

suming. The Iss failures in two device types (the Manufacturer B 4001 and 

Manufacturer D 4008) could not be classified into subgroups externally. In 

four device types, external troubleshooting of the I— failures indicated 

that 8 to 15 possible subgroups existed. The Iss failures were usually 

caused by one or more leaky circuit transistors. The nature and location of 

the leakage was such that it could only be pin-pointed by die level probing. 

Because of the complexity of the devices and because in many instances the 

leakage was unstable (decaying with time), die level severing and probing was 

not undertaken unless methods of externally pin-pointing the leaky transistor 

or stage could be developed and a sufficient quantity of failed parts were 

available. 

Due to the complexities and difficulties encountered in analysis of the 

250C failures, most of the parts that exhibited only +1250C or -550C para- 

metric failures were not analyzed in detail, but were baked and retested. 

Also, in the 4008 and 4017 device types, a few random failure types (those 

displayed by only one or two parts) were not investigated in detail in order 

to concentrate on the 250C !,.<. failures. 

D3 
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2.0 FAILURE ANALYSIS OVERVIEW 

Summaries of the failure analysis results for each device type are con- 

tained in Tables Dl through D8. Each table contains a brief description of 

the failure symptoms, failure mode, failure mechanism, and cause of failure 

for each type of failure displayed by each device type during this program. 

The last column in each table lists the paragraph number of the analysis 

report that discusses each type of failure in detail. Certain types of fail- 

ures contain no detailed discussion. Failure modes which are self-explanatory, 

such as pin broken off, inadvertent removal, retest OK, etc., are discussed in 

detail only the first time such modes appear on the tables. Also, the +125C0/ 

-550C only failures and the 4008/4017 random failures that were not analyzed 

in detail are listed in the tables, but are not discussed further in the 

reports. 

i . 
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TABLE D4.    MANUFACTURER B 4013B FAILURE ANALYSIS SUMMARY 
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TABLE 05 - MANUFACTURER D 4017 FAILURE ANALYSIS SUHWRY 
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I 3.0 4001 QUAD TWO-INPUT NOR GATE - MANUFACTURER A 

3.1 Iss FAILURES - SURFACE INSTABILITY (CATION DRIFT) 

One hundred-six parts (44 Lot A, 61 Lot 3, 1 Lot C) failed due to 

excessive quiescent current, inputs low (Iss [19]). The failed values 

ranged from 1.03 to 291 microamperes and all failures were bake recoverable, 

indicative of a surface instability mechanism. 

The excessive Iss was traced to high IDSS in two transistors of each 

NOR gate of the device. In each part, the Nl transistor of NOR gates A and C, 

the N2 transistors of NOR gates B and D, and the N4 output transistors of each 

NOR gate had degraded. For example, S/N A213 exhibited an Iss value of 3100 

nA (at VDD = 15 V) after 64 hours in 250oC life, as shown in Figure Dl. 

Each NOR gate in the part was contributing approximately 700 to 800 nA of 

leakage. The N1-N2 transistor pair of NOR gate A was isolated from the rest 

of the circuit and measured. IDSS of the pair was 350 nA at Vr^ =15V and 

the 1,,^ vs. V[:)<, characteristic was channeled, as shown in Figure D2. 

Because the two transistors shared a common drain diffusion and because their 

sources were shorted together via an n+ diffusion, the individual lire's of 

each transistor could not be measured directly. However, the leakage could be 

isolated to a specific transistor by isolating the gate terminals and applying 

a negative voltage to each gate in turn. A VGS of -4 VDC applied to Nl 

(with V^ =ÜV on N2) pinched off the leakage to zero nanoamperes, whereas -4 

VUG applied to the gate of N2 had no effect on 1^ of the pair. This 

established that Nl of the pair was degraded and that the anomalous current 

was caused by inversion of the region beneath the gate stripe. Examination of 

the threshold voltage characteristics of each transistor, shown in Figure D3, 

disclosed that the threshold voltage of Nl was low compared to that of N2. 

This indicated that the inversion was located in the channel region of the Nl 

transistor. Further investigation of S/N A213 disclosed degradation in the 

Nl transistor of gate C, the N2 transistor of gate B, the N2 transistor of 

gate D, and the N4 transistor of each gate simular to that displayed by Nl of 

gate A. A 16 hour, 250oC bake of the part caused the degraded transistors to 
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VD[) = 2 VOLTS/DIV.   S/N A213(64HRS/250oC) 

FIGURE PI   -  Issr19].I-V CHARACTERISTIC OF 
S/N_A213, 

I 

c 

^    .©K^Ä'S"  " 

VDS = 2 VOLTS/DIV. S/N A213(64HRS/250oC) 

FIGURE D2_- IDss I-V CHARACTERISTIC OF THE 
GATE Ä N1-N2 TRANSISTOR PAIR OF 
S/N A213. 
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'DS 0.2 VOLTS/DIV. S/N213(64HRS/250oC) 

FIGURE D3 - THRESHOLD VOLTAGE CHARACTERISTICS 
OF Nl (L/H) AND N2JRZHJ OF GATE A 
OF S/N A2I3, _VTH CHARACTERISTIC = 
iDs ^ Vps WITH vGS = v^. 

630x S/N B223 (16 HRS/225dC) 

EJGUfiE P4 - EXAMPLE OF A GATE A Nl TRANSIS- 
TOR [DEGRJVDEDJ AND N2 TRANSIS- 
TOR (NORMAL) AFTER METALLIZATION 
REMOVAL. 
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recover and microscopic examination of the transistors before and after 

removal of the metallization disclosed no visible anomalies. A typical gate 

A, N1-N2 transistor pair of a failed device after removal of the metallization 

is shown in Figure D4. 

During step-stress and life test of the 4001, input pins 1, 5, 8, and 12 

were biased high and input pins 2, 6, 9, and 13 were biased low. This applied 

+15 VDC across the gate oxide of the Nl transistors of gates A and C and the 

N2 transistors of gates B and D. The output of each gate was low, thus, each 

N4 output transistor also had had +15 VDC across its gate oxide. Therefore, 

it was concluded that the gate oxide of the transistors contained cation 

contamination, probably sodium ions. In the transistors with a positive field 

across the gate oxide, the cations crifted to the Si/Si02 interface. The 

accumulation of positive charge at the interface inverted the underlying 

p-type channel region causing an increase in IDS<. and a reduction of the 

threshold voltage. During the I^ [19] test, all eight affected n-channel 

transistors are in the off state, consequently, the measured value is the sum 

of all eight IDSS currents. 

3 2 llH/lll  FAILÜRES " SURFACE INSTABILITY (CHARGE SEPARATION) 

Three parts failed due to excessive Ijui» one  part failed due to 

excessive I,,,, and two parts failed due to excessive IIU1 and I.., Ill       K IH1    iLi 
during accelerated life. The I,,, failures were traced to a degraded input- 

to-V.s protection diode (D3 or D6) and the I., failures were traced to a 

degraded input-to-VD[) protection network {D1/D2/R1 or D4/Ü5/R2). The 

degraded diodes exhibited channeled or exponential reverse leakage and the 

leakage recovered after baking. The degraded diodes had been reverse biased 

during life test (the !.„ failures occurred at inputs that were connected to 

+15 volts and the 1., failures occurred at inputs that were grounded during 

life). Thus, the degradation probably was caused by mobile ions in or on a 

passivation layer which separated in the fringing field of the reverse biased 

junction and inverted the underlying silicon. 
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3.3 IIH/IIL/ISS FAILURES - PIN-PIN SHORTS (LEAD PRECIPITATION) 

Eleven parts (6 Lot A and 5 Lot B) failed Iin, lit. and !$$ [17] or 

IssClS] during accelerated life. Each failure was caused by a high resis- 

tance (kilohm) short between one input pin and its respective output pin. Due 

to the short, the input pin was connected to an "on" transistor of the output 

stage during measurement of Im,  IIHI» or 1$$ [17] or 1$$ [18]. This 

resulted in excessive IJH and IJL current at the input, as shown in Figure 

D5a and D5b and excessive Iss [17] or Iss [18] current (depending on which 

input was shorted) as shown in Figures D5c and D5d. Two parts contained a 

short between pin 2 (input) and pin 3 (output), two parts contained a short 

between pin 5 (input) and pin 4 (output), one part contained a short between 

pin 12 (input) and pin 11 (output), and three parts contained a short between 

pin 13 (input) and pin 11. The exact location of the short in three parts was 

unknown because the short had cleared prior to analysis. 

The shorts were traced to conductive paths in the glass frit used to 

seal the package. Each part contained grey deposits on the exterior of the 

glass seal and discoloration of the tin-plated external leads, as illustrated 

in Figure 06. These conditions were not present in unstressed parts, but 

removal of the grey deposits did not cure the shorts. Cross-sections of the 

packages revealed dark stains in the glass emanating from the internal lead 

frame members, as illustrated in Figure 07. The leads that were shorted 

together always contained a bridging trail of stain between the leads. Under 

SEM examination, the stain appeared to be a dendrite growth, as shown in 

Figure 08. The largest concentration of growth always occurred at the package 

leads that were most negatively biased (grounded inputs or low outputs) 

indicating a probable electrolytic reaction. SEM X-ray analysis of the glass 

disclosed that it contained lead (Pb) and zinc (Zn) indicating that it probably 

was a PbO - ZnO- B2O3 glass. These findings indicate that the growth most 

likely was caused by reduction of lead-oxide in the glass and precipitation of 

Pb (a positive ion) in the vicinity of the negatively biased package leads. 

The package contains two lead (Pb) reducing agents, the aluminum plating on 

the internal portion of the lead frame and the tin plating en the external 
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a) ItHi TEST 

LOW 

-OLOW 

c) lss 117) TEST 

b)l|L1TEST 

OHIGH 

d)lss! 181 TEST 

-OLOW 

n GURE^DB.     DIAGRAM OF ONE GATE SHOWJNG THE_ PAJH OF THE EXCESSIVE CURRENT DURING 
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4X S/N A242 (2000 HRS/250oC) 

FIGURE D6 - GREY DEPOSITS (ARROW) ON THE GLASS 
FRIT AND DISCOLORED LEADS TYPICAL 
OF THE PARTS WITH SHORTED PINS. 

10X S/N A242 (2000 HI(S/250oC) 

FIGURE ^L- CROSS-SECTION OF THE PACKAGE SHOWING 
DARK STAIN AROUND THE LEADS. THl's 
PART CONTAINED A_ SHORT BETWEEN PINS 
4 AND 5" AND HAS A""BRIDGitiiilAUi 

!ROU) BETWEEN PINS 4 AND 5. 
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24X S/N Al 35 (4000 HRS/2250C) 

FIGURE D8 - SEM PHOTO OF THE STAIN. 

I 
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250X (SEM-1.3 K.V.)  S/N A225 (4 HRS/250oC) 

FIGURE 19 - EXAMPLE OF SILICON LASER SCRIBE 
HILLOCK (ÄRROWJ AT THE FAllURE 
SITE EXPOSED BY LIFTING THE 
ALUMINUM WIRE. 
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portion of the lead frame; however, no obvious reducing medium (electrolyte) 

was found. The electrolyte may have been simply trace amounts of moisture 

entrapped In the glass. 

3.4 IIL FAILURES - WIRE-TO-DIE SHORTS 

Two Lot A and three Lot B parts failed due to excessive IJLI ranging 

from 350 nA to 1400 nA (maximum measurement capability) during accelerated 

life test. In each instance, the leakage was caused by a high resistance 

short (0.5 to 43 megohms) between an input pin and VOQ. The shorts were 

traced to contact between the aluminum interconnect wire and the edge of the 

silicon die (which is connected to VDQ)« 

In four of these parts, the aluminum wire shorted to a hillock of melted 

silicon from the laser scribe operation. Figure 09 shows an example of a 

hillock, exposed by bending back the aluminum wire. This hillock protruded 

eight microns above the die surface. Figure D10 shows the hillock from 

another view and indicates the point of contact on the wire. 

In one part, the wire was shorted to the unpassivated kerf area of the 

die. Lifting the wire cleared the short and exposed a residue at the point of 

contact in the kerf, as shown in Figure 011. This indicated that the wire had 

shorted to some entrapped particulate matter. 

In each case, the wire-to-die short was caused by insufficient clearance 

between the wire and the kerf due to the presence of laser-scribe hillocks or 

a contaminant particle. The failure mechanism probably involved sagging or 

flexing of the aluminum wire during life test until the wire contacted the 

hillock or particle. 

3.5 MISCELLANEOUS FAILURES 

One Lot A part failed Iss [17], 1$$ [18], and Iss H?] and VQL'S 

and VQH'S at pin 4 after the 16 hour, 1750C step during step-stress. The 

failures were caused by a condition in gate A that caused the n-channel and 
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850X (SEM-1.3 K.V.)   S/N A225 (4 HRS/250oC) 

FIGURE D10 - CONTACT SITE (AFTER LIFTING THE 
WIRE) SHOWING THE SILICON LASER 
SCR1 BrHILLOCK [ARROW #1} AND 
Si-AI RESIDUE ON THE WIRE 
(ARROW f2). 

256X S/N B251 (4000 HRS/2250C) 

FIGURE Dll - RESIDUE IN THE KERF (ARROW) AT 
THE ['DINT OF THE SHORT (AFTER 
REMOVING THE WIRE). 
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the p-channel transistor of the output stage (N4 and P4) to both conduct 

simultaneously during the parameter measurements. A 16 hour, 250oC bake did 

not improve the condition. Delidding the part and removal of the ylassivation 

did not affect the failure mode, but when the output stage was probed, the 

part completely recovered. Examinations of the output stage disclosed no 

explanation for the failure and the failure could not be re-induced. No 

similar failure occurred during accelerated life. Consequently, the cause of 

this failure was not determined. 

One Lot A part failed due to an open pin 7 (Vss) after 4,000 hours at 

2250C. Examination of the part disclosed that the pin 7 aluminum stripe had 

migrated open, as shown in Figure D12. The stripe contained migration voids 

in several areas and no other part examined displayed this condition after 

accelerated life indicating that the electromigration probably was caused by 

excessive 1^ current in this part rather than any stripe deficiency. 

Examination of the life test monitor reading disclosed that the part was 

drawing 275 roA after reaching temperature at the start of the final 2000 hour 

period (2000 hours - 4000 hours). Nominal current is about 0.2 mA. After 

4000 hours, the current had dropped to 13 mA at temperature which was still 

excessive. Examination of the part had disclosed no deficiency which could 

account for the excessive current. Possibly, the excessive currect was caused 

by an intermittent external pin 7 (Vss) chassis solder joint which allowed a 

pair of complementary transistors to conduct simultaneously as described in 

Section 4.3 of this appendix. 

Four Lot C parts failed 1..,^ at pin 1 or pin 2 at +12b0C only. Two of 

these parts also failed V-,., at pin 11 at +1250C only. All four parts failed 

at 120 hours during Lot C acceptance testing. All four parts were left on 

test to 250 hours. As shown in Table D9, the failed parameters in each part 

returned to their pre-stress values at 250 hours. The complete recovery 

indicates that the failures were probably caused by a test set malfunction 

rather than by any part deficiency. 
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256X S/N A102 (4000 HRS/2250C) 

FIGURE DP - ELECTROMIGRATION VOIDS (ARROWS) 
IN THE PIN 7 STRIPE. 
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TABLE D9.    PARAMETER HISTORY OF THE LOT C 120 HOUR FAILURES AT •»1250C ONLY 

 MEASURED VALUES, l+l^CJ  
PRE-TEST     "120 HOUR" 25d~H0UR S/N PARAMETER _SPECIFIED LIMIT 

C35 IIH2 (2) 1.0 uA MAX 

VOHl (ID 4.6V MIN 

C42 IlH2 (1) 1.0 yA MAX 

VOHl (ID 4.6V MIN 

C43 IIH2 (1) 1.0 uA MAX 

C52 IIH2 (1) 1.0 PA MAX 

0.001 yA 

4.933 V 

0.036 pA 

4.934 V 

0.036 uA 

0.033 yA 

63.102 uA 

3.421 V 

8.490 yA 

3.506 V 

8.998 yA 

6.898 yA 

0.006 yA 

4.933 V 

0.031   yA 

4.933 V 

0.031 yA 

0.032 yA 

1 ,' 
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3.6 TEST ERRORS 

Two Lot B parts were removed from test because one or two of their 

package leads were accidently broken off during parametric testing. 

One unfailed Lot A part was inadvertently removed from test after 32 

hours. The error was discovered too late to return the part to life test. 

One Lot A part failed VQLS at pin 10 and at pin 11 after 500 hours at 

2250C. The measured values were 14.232 to 14.399 volts (specified limit = 1.5 

volts maximum). A bench test of the part disclosed that VQU at pin 10 and 

at pin 11 was 0.00 volts (nominal). Further electrical tests and examination 

of the part disclosed no sign of an intermittency which could account for the 

failures. Consequently, this failure was probably caused by a faulty test 

socket or a test set malfunction. 
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4.0 40Q1 QUAD TWO-INPUT NOR GATE - MANUFACTURER B 

4.1 Iss, IIH, IIL, AND VIC FAILURES - NONHERMETIC PACKAGE 

Forty-six parts (17 Lot A, 27 Lot B, and 2 Lot C) failed during life 
test because they contained or developed leaks in the package seal which 

allowed moisture to enter the package. Forty-four parts were gross leakers 
and two parts exhibited only a fine leak. One part contained no visible leak 

path, but in the other 45 parts the leaks were traced to: 
1) cracks in the glass seal (27 parts), as illustrated in Figure 013, 

due to thermal expansions and contractions of the package during 
insertion and removal of the parts from elevated temperature (all 27 

parts failed at or after the 250 hour test point ur 7 cycles). 
2) gaps along the interface of the glass seal and the lead (10 parts), 

as illustrated in Figure 014, due to fracturing of the glass meniscus 
during lead forming (all 28 parts failed at or before the 250 hour 

test point) and probably propagation of cracks into the packages. 
3) voids in the lid seal (8 parts), as illustrated in Figure 015, due to 

deficiencies in the lid seal operation. 

The moisture that entered the package caused three types of failure 
modes/mechanisms. Thirty-four parts failed due to excessive Iss L17j 
and/or Iss [18] and/or Iss [19]. All 34 parts recoverd when baked, thus, 
the ultimate mechanism in these pa-ts probably involved charge separation or 
drift of mobile ions brought in by or accelerated by the moisture. Ten parts 
failed due to excessive I.., and/or I,.,, caused by inversion of an input 

protection network and moisture trails across the networks. These parts 
recovered when baked or delidded. One part failed due to an open pin 13 and 
one part failed due to an open pin 7 and pin 9. The opens were traced to wire 
bonds at the lead frame that had corroded open in the presence of the moisture, 

as illustrated in Figure 016. 
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17X S/N B143 (2000 HRS/250oC) 

FIGURE 013  -IXAMPLE OF CRACKS (ARROWS)  IN THE. 
GLASS SEAL. 
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10X (SEM) S/N A91   (250 HRS/250oC) 

FIGURE DI4 - EXAMPLE OF GAPS AT THE GLASS 
SEAL MENISCUS. 

i 

37X   (SEM) 

FIGURE D15 

S/N B154 (1000 HRS/250oC) 

EXAMPLE OF SOLDER„VOIDS IN THE 
LID SEAL. 
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150X (SEM) S/N B175 (6000 HRS/22;rc) 

FIGURE D16 - CORRODED OPEN PIN 13 WIRE BOND AT 
THE LEAD FRAME. 

400X S/N B53 (2000 HRS/1250C) 

FIGURED!7 - EXAMPLE OF A DEGRADED N-CHANNEL "ON" 
TRANSISTQR (N4 QF GATE S) AFTER METAL 
REMOVAL. 
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4.2    Iss FAILURE SURFACE INSTABILITY 

Sixty-five parts (58 Lot A and 7 Lot B) failed during step-stress and 

accelerated life due to excessive Iss current(s).    One part failed Iss 

[17] only, five parts failed Iss [18] only, 13 parts failed !„ [19] only, 

seven parts failed I-- [17] and I,.,- [18], 19 parts failed IQC [18] and lSS lSS SS 
Iss [19], and 20 parts failed Iss [17], Iss ^8] and Iss [19]. The 

failed values ranged from 1.01 to 848 microamperes. All the failures were 

reversible, indicative of a surface related mechanism. 

Some major obstacles wer? encountered during analysis of these parts. 

The unfailed !<.<- currents in most of the parts were quite high and often 

approached the value of the failed Iss currents. In all, 46 parts exhibited 

high or failed values for all three Iss parameters. Consequently, the Iss 

tests were, in general, of no use in troubleshooting the parts externally (at 

least one Iss parameter must be zero or substantially lower than all others 

in order to externally isolate the leakage to a specific gate or transistor in 

the device) to classify the parts into failure mode categories. Failure 

mode/mechanism classification could only be achieved by systematic die level 

stripe severing and probing of each part. This would be much too time consum- 

ing and impractical. Furthermore, bench tests of the failed parts disclosed 

that many had recovered while awaiting analysis, and preliminary analysis of 

representative parts disclosed many would recover during analysis. Conse- 

quently, it was decided, in agreement with the RADC project engineer, that 

only as many parts woulu be analyzed in detail, as necessary to determine what 

different failure modes existed in these parts. 

Fifteen parts had been delidded for analysis without leak testing (to 

avoid affecting their leakage currents) as part of the preliminary analysis. 

Consequently, these 15 parts are segregated from the other 49 parts (which 

were leak tested and found to be hermetic) in the analysis sumruaries since it 

is uncertain whether these failures should be classified as hermetic or 

non-hermetic. In addition to these 15 parts, ten of the hermetic parts were 

analyzed in detail; thus, in all, 25 of the 64 parts were analyzed in detail. 
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In nine parts, the leakage either recovered during the analysis or changed to 

the extent that it was not possible to pin-point the location of the leakage. 

Analysis of the other 16 parts disclosed three types of failure modes: 1) 

excessive IQSS i" an n-channel transistor that had been "on" during life 

test, 2) excessive IQSS i" a p-channel or an n-channel transistor that had 

been "off" during life test, and 3) a channeled p-well junction. Each failure 

mode is discussed below. In general, most of the parts exhibited more than 

one failure mode and most exhibited p-well junction leakage to some degree 

which is the reason most of the parts exhibited high or failed values for all 

three Iss parameters. 

1) Excessive IQSS 1n an "on" "-channel transistor. In three parts the 

principal cause of the Iss leakage was traced to excessive IQSS in n-channel 

transistors N2 of gate C (one part) and N4 of gate A or B (two parts). The 

degraded transistors exhibited a channeled IQSS characteristic and relatively 

low threshold voltage. The excessive IQSS could be pinched off by applying 

negative voltage to the gate. This indicated that the excessive IQSS was 

caused by inversion of the channel region due to the acumulation of a net 

positive charge at the Si02/Si interface. The degraded transistors recovered 

after a 16 hour, 250oC bake. Examination of the transistors before and after 

removal of the metallization disclosed no anomaly. A typical degraded transis- 

tor is shown after metal removal in Figure D17. 

During the life test, +18 VDC had been applied across the gate oxide of 

the degraded transistors (biased "on"). Therefore, their failure mode indi- 

cated that the gate oxide of the transistors contained cation contamination, 

probably sodium ions. Under the influence of the positive gate bias, the 

cations drifted to the interface and inverted the underlying p-type channel 

region. 

2) Excessive IQSS in an "off" transistor. In four parts the principal 

cause of the 1$$ leakage was traced to excessive IQSS in N4 of each gate 

(one part), PI of gate B (one part), or P4 of each gate (two parts). The 
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degraded transistor exhibited a channeled IDSS characteristic, no threshold 

voltage shift and the excessive leakage could not be pinched off with reverse 

gate voltage. This indicated that the transistors contained a degraded drain 

junction. The degraded transistors recovered after a 16 hour, 250oC bake. 

During life test, the drain junctions of PI of gate B, N4, and P4 were 

reverse biased (the transistors were off). Thus, the degradation probably was 

caused by mobile ions in or on a passivation layer which separated in the 

fringing field of the reverse biased junction and inverted the underlying 

silicon. 

hss 

3) Channeled p-well junction. In nine parts, the principal cause of the 

leakage was traced to a leaky p-well junction. The reverse I-V charac- 

teristic of the degraded junction was channeled, as shown in Figure Ü18, and 

the leakage recovered after ä 16 hour» 250oC bake. The p-well junctions were 

reverse biased during life test, thus, the degradation probably was caused by 

mobile ions in or on a passivation layer which separated in the fringing field 

of the reverse biased junction and inverted the underlying silicon. 

4.3 TEST ANOMALIES 

Fifteen parts (1 Lot A, 8 Lot B, and 6 Lot C) failed during the tests due 

to open, resistive, or shorted pins. During step stress one Lot A part, S/N 

A42, failed at the 64 hour/2500C step due to an open pin 12 and one Lot C 

part, S/N C104, failed at the 80 hour/2750C step due to an open pin 6 and a 

shorted pin 13. Examination of these parts disclosed aluminum electromigra- 

tion at the ohmic contacts of the input protection networks. For example, S/N 

A42 contained depleted aluminum at the pin 5, pin 8, and pin 12 (open) ohmic 

contacts and aluminum accumulation at the pin 6 and pin 13 ohmic contacts 

where shown in Figure D19. During step-stress inputs 1, 5, 8, and 12 were 

high (+18 VUC) and inputs 2, 6, 9, and 13 were low (ground). The depleted 

aluininum at the inputs biased high and the accumulation of aluminum at the 

inputs biased low indicated that sustained high current flowed into each high 
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S/N A234 (64 HRS/2250C) 

FIGURE D18 - REVERSE I-V CHARACTERISTIC OF 
THE GATE A P-WELL JUNCTION. 

105X 

FIGURE D19 

1* 
i 

S/N A42 (250oC STEP) 

DIE PHOTO OF S/N A42 SHOWING THE LOCATION 
OF THE DEPLETED ALUMINUM (D) AND THE 
AlUMINUM ACCUMULATION (A). 
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input and out each corresponding low input probably due to a latch-up condi- 

tion. Special tests of sample parts showed that no latch-up would occur under 

normal bias conditions at temperatures up to 300oC. However, it was found 

that if the pin 7 (V'ss) connection was opened at temperatures above 250oC, 

excessive current flowed into the high inputs and out of the grounded inputs. 

In view of these findings, the step-stress program boards were examined and it 

was discovered that the pin 7 solder joint for S/Ns A42 and C104 were open 

which accounted for their failure. Consequently, during all subsequent 

testing, the continuity of the pin 7 solder joint of each part was checked 

before placing the part in the ovens at each test interval. Despite this 

precaution, five Lot C parts failed during the 250oC lot acceptance test and 

eight Lot B parts failed during the ZSO'C accelerated life test due to open 

and shorted pins. Examination of these parts disclosed the same conditions 

found in the step-stress failures. Each part contained depleted alumnlnum at 

the ohmic contacts of the input pins that had been biased high and accumulation 

of aluminum at the ohmic contacts of the inputs that were grounded, as illus- 

trated in Figure D20. In addition, all of the parts showed evidence of 

electromigration at the ohmic contacts of complementary pairs of p-channel/ 

n-channel transistors, as illustrated in Figure D21. This type of damage 

coincided with a migrated open on an input line that had been biased high. 

When the high input opened, the p-channel input transistor that was biased off 

by the +18 VDC (PI or P2) apparently switched on causing excessive current to 

flow in the complementary transistor pairs from VQQ to ground through the 

grounded inputs. Many of the parts contained electromigration damage at the 

pin 7 pad, as illustrated in Figure D22. For this to happen, the external pin 

7 solder joint must have been intermittent and opened long enough at tempera- 

ture to induce a latch-up condition, then closed and allowed the excessive 

current to flow to ground through pin 7. Intermittency at temperature would 

explain why the faulty soldtr connections were not detected by the room 

temperature continuity checks. 

One Lot C part, S/N C95, failed during step-stress due to an open drain 

in the pin 4 and the pin 11 n-channel output transistor, N4. Examination of 

the transistors disclosed that in each instance the drain stripe had melted 
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256X S/N C134 (120 HRS/250oC) 

FIGURE D2Q - PIN 5 AND PIN 6 INPUTS OF A 120 H0UR/25QoC 
LOT C FAILURE SHOWING ALUMINUM DEPLETION 
(D) AT THE HIGH INPUT AND HILLOCK GROWTH 
OR ACCUMULATION~TÄ) AT THE GROUNDED INPUT. 

SÄrr -    :-*-^-ss^ 

256X S/N C134  (120 HRS/250oC) 

FIGURE^021^ EXAMPLE OF ALUMINUM ELECTROMIGRATIQN 
FARROWS) JTJHE TRANSISTOR CONTACTS QF 
GALEJB, 
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256X S/N B124 (4000 HRS/250oC) 

FIGURE D22 - EXAMPLE OF ALUMINUM DAMAGE AT THE PIN 7 
PAD. 
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491X S/N C95 (2750C STEP) 

FIGURE D23 - MELTED OPEN DRAIN STRIPE ON THE PIN 11 OUT- 
PUT TRANSISTOR. 
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open, as Illustrated In Flgue 023. No deficiency and no other damage was 

present, thus, the opens probably were caused by electrical overstress of the 

two outputs. 

One unfailed Lot A part was inadvertently removed from 250oC life after 

the four hour parametric test. The error was discovered too late to return 

the part to test. 
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5.0 4013 DUAL FLIP-FLOP - MANUFACTURER C 

5.1 Iss FAILURE - SURFACE INSTABILITY 

Seventy-five parts (16 Lot A, 53 Lot B, and 6 Lot C) failed during the 

tests due to excessive Iss [17] and/or Iss tl8j and/or lss [19]. Five parts 

failed Iss [17] only, 21 failed Iss [18] only, eight failed Iss [19] only, 

three failed Iss [17] and Iss [19], 32 failed Iss [18] and Iss [19], and six 

failed Iss [17], Iss [18], and Iss [19]. All failures were reversible, indica- 

tive of a surface-related mechanism. The variety of failure symptoms indi- 

cated that this group of failures probably contained several different failure 

modes. Preliminary analysis of these failures indicated that parts with the 

same failure symptoms contained different failure modes or mechanisms. This 

meant that the parts could not be classified into failure categories on the 

basis of their failure symptom, i.e., on the basis of which of the three Iss 

tests the part had failed. The Manufacturer C 4013 contains 48 transistors 

and eight transmission gates, thus, random or even systematic die level probing 

of every failed part to determine the degraded transistor(s) for purposes of 

classification was impractical. The preliminary investigation had indicated 

that the excessive 1^ was due to high leakage current in a transistor or 

transistors that were "off" during the 1^ test. Because each half of the 

4013 contains three inputs, it is possible to obtain eight (2 ) unique sets 

of different logic levels on the internal transistors of each half with the 

clocks low. Thus, the Iss tests can be expanded to eight tests Ucci through 

ISro). as shown in Table D10. Furthermore, during the 1^ and ISSg tests the 

output states can be switched either high or low, which adds two additional 

sets of infonnation. From these ten tests and a knowledge of the logic state 

of each transistor during each test, the leaky transistor (or transistors) can 

be reasonably pin-pointed externally. To aid in interpreting the results of 

the ten tests, the matrix column in Figure D24 was developed. The first ten 

vertical columns represent the ten Isc. tests and the horizontal rows represent 

each suspect transistor or combination of transistors. A shaded st^are is 

placed in each row in the appropriate column if the particular transistor is 

off during the particular I,,- test and can contribute leakaye to the I. . test. 

039 

k 



TABLE D10. INPUT LOGIC CONDITIONS FOR THE 
EIGHT POSSIBLE Iss TESTS 

INPUT LOGIC LEVEL (CLOCK = LOW) 

Iss TEST SET DATA RESET 

I SSI * LOW LOW HI 

ISS2 * HI LOW LOW 

ISS3* HI LOW HI 

ISS4 LOW HI HI 

hS5 HI HI LOW 

ISS6 HI HI HI 

ISS7 (Q High or Low) LOW LOW LOW 

ISS8 (Q High or Low) LOW HI LOW 

* Standard Specified Tests 
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LEAKAGE TEST 

N2 
■..; ^ N3 

ii 
jl 

P2 

:■:■■■■. P3 1 m 
Cs 
m N4 I m N5 

P4 

P5 

pi N7 

N8 

P7 

P8 

N9 

N10 

P9 

P10 
«S 

N16 

P13 

N13 

P16 

P2«.P3 

P4&P5 

P7&P8 

P9&P10 

N14 0RP15 

PWELL 

FIGURE D24. MANUFACTURER C 4013 Iss DIAGNOSTIC MATRIX 
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A blank square means that the transistor is on duriny the particular Iss test 

or, in the case of certain individual p-channel transistors, that the transis- 

tor is off, but in series ■•'ith another transistor which is also off duriny 

that test. The possibility that two series p-channel transistors are both 

leaky is taken into account by the 21st throuyh the 24th rows. If one or both 

of the off transistors of the clock circuit (N14 and P15) are leaky or if a 

p-well junction is leaky, the part will exhibit the same high leakaye duriny 

all ten tests. By raisiny the clock input from low to hiyh these two failure 

modes can be separated, and this is the reason for the final two rows and the 

eleventh column. 

All ten Iss values were then measured on a curve tracer for each 

flip-flop of each failed device and, usiny the matrix, the leaky transistor or 

transistors were determined. Then, the parts were classified into failure 

cateyories and representative samples of each cateyory were analyzed in detail. 

Many of the parts contained more than one failure mode or had completely 

recovered before the analysis proceeded or duriny the analysis. In the case 

of a part with more than one failure mode, the part was classified dccordinü 

to the worst case (in terms of leakaye current) failure mode. If the part had 

recovered and could not be classified on the basis of its symptoms, its 

failure mode was classified as not determined. The details of each cateyory 

of failure mode are yiven in the followiny sections. 

5.1.1 Excessive I0j-S in an "On" N-Channel Transistor - In 39 parts (1 Lot A, 

32 Lot B, and 6 Lot C), the hiyh Iss was attributed to excessive I[)SS in one 

or more of the followiny transistors: N4, N5, N7, N8, or N16. Parts with a 

deyraded N4, N5, N7, or N8 transistor had failed Iss UBj ana parts with a 

deyraded N16 transistor had failed Iss U8J and Iss Ll^J. For example, S/N 

B95 exhibited Iss L18J and Iss L19J values of 3 uA after 4 hours in 2bÜ0C 

life. Curve tracer tests established that Icco» ^53' ^SSS' ^SSb' ^SS? 

(Q hiyh), and ISSo (g hiyh) of flip/flop 1 (F/Fl) were each 3 yA, whereas I.^i, 

^4' ^SS7 ^ ^ow)« ancl ^ssa ^ ^^ were zero* ^0 leakaye existed in F/F2. 
The matrix Indicated that N16 was the only sinyle transistor lhat could viive 
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these symptoms, therefore N16 of F/Fl was isolated and measured. IDSS of N16 

was about 3 yA at VDS = 15V and the IDSS vs. VDS characteristic was channeled, 

as shown in Figure D25. The excessive IDSS could be pinched off by applyiny 

a -0.8 volt from gate to source and VTH of N16 was lower than that of a typi- 

cal transistor (N13) in the same part, as shown in Figure D26. This indicated 

that the anomalous current was caused by inversion of the channel region. A 

16 hour, 250oC bake caused the degraded transistor to recover and examination 

of the transistor before and after removal of the metallization disclosed no 

visible anomaly. A typical failed N15 transistor after removal of metalliza- 

tion is shown in Figure D27. Many devices contained more than one degraded 

transistor. For example, S/N C52 exhibited an Iss Ll8j value of 28 pA and an 

Iss L19J value of 2 yA after 120 hours at 250
CC. Curve tracer tests of F/Fl 

disclosed that Icco» ^55» anc' ^ss ^ hiyh) were 14 yA, Iss3 and ISS6 were 

1 yA, ISSg (Q low) was 2 yA, Iss7 (Q high) was 12 yA, and 1^,, Iss4, and l^-. 

(Q low) were zero. Similar Iss values were found in F/F2. The matrix indi- 

cated that these values were probably caused by various levels of leakage in 

transistors N4-N5, N7-N8, and N16 in each flip-flop. The suspect transistors 

were isolated and measured disclosing the following values of l^^  at VQ, = lb 

volts: in F/Fl N16 = 1 yA, N4-N5 = 2 yA and in F/F2 N16 = 1 yA, N4-N5 = 9 yA, 

and N7-N8 = 4 yA. In each transistor the Ir)SS vs. VÜS characteristic was 

channeled and the excessive leakage could be pinched off by applying negative 

voltage from gate to source. 

During the life test of the 4013, the set, data, and clock inputs were 

biased low and the reset inputs were biased high. This applied +10 volts 

across the gate oxide of transistors N4-Nb, N7-N8, and N16. Therefore, it was 

concluded that the gate oxide of the transistors contained cation contamina- 

tion, probably sodium ions. The cations drifted to the bi/SiU^ iriterface 

under the influence of the positive field and inverted the unuerlyiny p-type 

channel region causing an increase in !,,„ and a reduction of Vj... 

b.1,2 Excessive IDS(; in an "Un" P-Channel Transistor - In 13 parts (three 

Lot A and ten Lot B), the high Iss was attributed to excessive !„ ^ in one or 

more of the following transistors: P2, P3. Py, or P1U. Parts with a ueyraued 
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'DS 
FIGURE D25 - -DSS 

F/El 

S/N B95 (4 HRS/250oC) 

CHARACTERISTIC OF N16 OF 

^SS 

'GO 
FIGURE D26 

S/N B95 (4 HRS/250nC) 

THRESHOLD VOLTAGE CHARACTERISTIC 
OF N16 OF F/F1 (L/H TRACE) 
COMPARED TO THAT OF A NORMAL 
N-CHANNEL TRANSISTOR [HU]   IN 
F/Fl (R/H TRACE]. VTH CHAR- 
ACTERISTIC. 
VGS = vDs. 

'DS VS. U)S WUJ ITH 
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247X       "  ^ S/N B162 (8 HRS/250oC) 

FIGURE D27 - TYPrCAL FAILED N16 TRANSISTOR AFTER 
MFTAM 17ATIQN REMOVAL. 

i ; 

lDSS 

FIGURE i>28 

S/N B101 (4 HRS/250 C) 

l,,c, CHARACTERISTIC OF PQ OF F/F2, 
OSb   _„_  

Mi 
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P2, P3, or P9 and P10 had failed Iss L18J and Iss 119] and parts with a 

degraded P9 had failed I** [19]. In each part examined, the degraded transis- 

tor exhibited a channeled Ioss characteristic, but nominal threshold voltaye, 

and the excessive Ip.. was reversible. For exawple, S/N B101 contained a 

degraded P9 transistor in F/F2 after 4 hours at 250%. Ioss at Vus » 15V of 

P9 was about 1.6 pA and the characteristic was channeled as shown in Fiyure 

D28. The excessive leakage could be pinched off by applying +5 volts from 

gate to source. VTH of P9 was -2.21 volts, which was nominal. After recovery 

IDSS of P9 was 132 nA, but VTH had not changed significantly (-2.27V). 

The high IDSS and the fact that the leakage could be pinchea off with 

positive gate bias indicated that the degradation in these transistors was due 

to inversion of the n-type substrate beneath the gate metal caused by the 

accumulation of a net negative charge at the SiCL/Si interface. Since the 

threshold voltage of the transistors was not affected, the inversion probably 

was not located in the channel region or at least not along its entire wicith. 

Each of the failed transistors contained a strip of thick fielo oxiue, covered 

by yate metal, between the source and orain at the sides of the channel, as 

illustrated in Figure D29. This might be the possible location of the 

inversion. During the life tests, -18 volts was applied across the gate uxiüe 

of P2, P3, P9, and P1Ü (these transistors were "on" during life). Inward 

drift of mobile negative ions in the oxide beneath the gate metal would 

account for the accumulation of negative charge at the interface. However, 

mobile anions do not ordinarily exist in normal oxides. It is more probable 

that the oxide contained a distributed mobile positive species in conjunction 

with an immobile negative species (outward drift of the cations in the negative 

field would expose a layer of negative charge at the interface) or that the 

oxide was phosphorous doped and the negative field polarized the phosphorous 

dipoles. 

5.1.3 Degraded P-Well or Drain Junction - In nine parts the excessive I,. was 

traced to high 1^ in N2, N14, P4, Pb, or P16. Parts with a degrdued 'M  had 

failed 1^^ L17J, parts with a degraded P4 or P5 had failed 1^.. U^J «*nd I., 

Ll8j, and pdrts with a degraded N14 had failed I .  Ll7j, L18J, ano L19J. One 
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400X S/N A132 (120 HRS/250oC) 

FIGURE D29 - P2 AND P3 0F_F/F2 AFTER METALLIZATION 
REMOVAL SHOWING THE STRIP OF FIELD OXIDE 
(ARROWS) ALONG THE SIDES OF THE CHANNELS. 

D5S 

VDS S/N B123 (8 HRS/250oC) 

FIGURE D30 - IDSS CHARACTERISTIC OF [114 OF F/F2. 
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of these parts had failed at +1250C only. But bench tests disclosed that Iss 

was also failed at 250C and analysis of th« part established that the high Iss 

was due to a degraded N14. In each case, the degradtd transistor exhibited a 

channeled characteristic, as illustrated in Figure D30, no threshold voltage 

shift, and the leakage could not be pinched off by application of reverse gate 

voltage. This indicated that the transistors contained a degraded drain junc- 

tion. In three parts the excessive Iss was traced to a degraded p-well junc- 

tion. These parts had failed I-- [17], [18], and [19]. In each case the 

reverse I-V characteristic of the junction was channeled, as illustrated in 

Figure D31. In all cases, the leakage recovered when the part was baked. 

During life test, the p-wells and the drain junctions of N2, N14, P4, P5, 

and P6 were reverse biased (the transistors were off). Thus, the degradation 

probably was caused by mobile ions in or on the passivation which separated in 

the fringing field of the reversed biased junctions and inverted the under- 

lying silicon. 

5.1.4 Failure Mode Not Determined - The exact failure mode of 11 parts was 

not determined because the excessive Iss recovered before the failure mode 

could be established. All step stress failures were intentionally baked 

before analyzing and four parts recovered, indicating that their failure was 

caused by surface instability. The Lot A 1750C failure and one of the Lot B 

failures had failed I— [18] Uccp) only. The matrix indicates that the 

failure mode of these parts was either a degraded N4, N5, N7, or N8 (n-channel 

"on") or P13 (p-channel "off"); thus, their failure mode could not be estab- 

lished on the basis of the original symptoms. The other two parts had failed 

Irr [15] (Icco) only. The matrix indicates that the failure mode was either a 

degraded P4 or P7 (p-channel "off") or P9 (p-channel "on"); thus, the failure 

mode of these two parts was not established. 

Two life test parts that had failed I-- [18] only, the Lot A 16 hour 

failure and the Lot B 4 hour failure, recovered before the curve tracer I,.,- 

tests could be performed. Two other Lot A parts had failed 1^ [18] and 

Ice [19], and the matrix of I<j<. tests indicated that the parts contained 
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V R S/N A125  (4 HRS/250oC; 

FIGURE D31   - REVERSE  I-V CHARACTERISTIC OF THE 
DEGRADED P-WELL JUNCTION. 

■DSS 

DS S/N B252  (4000 HRS/2250C) 

FIGURE  D32 -   IDSS CHARACTERISTIC OF Nl  OF  F/Fl, 
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multiple failure modes. However, these parts recovered after deliddiny or 

during die level probing and the specific failure modes could not be deter- 

mined. Al though the failure modes were not established, the recovery of these 

four parts indicated that their failure probably was caused by a surface 

related problem. Two Lot B parts exhibited excessive ISj. U9J at a test 

temperature of +1250C at 250 hours. The two parts were left on test through 

4,000 hours. They did not fail ar\y 250C parametric test through 4,000 hours 

and passed all +1250C parametric tests at 4,000 hours. One Lot A part exhib- 

ited excessive Iss L18J and Iss 1.19] at +1250C only at 4,000 hours. This 

part was left on test to 6,000 hours and Iss had recovered at 6,000 hours. 

In each case the recovery Indicated that the failures were probably caused by 

a surface-related mechanism. 

5.2 IIH FAILURE - SURFACE INSTABILITY 

Twenty-one parts (2 Lot A, 17 Lot B, and 2 Lot C) failed due to excessive 

I.u, (all inputs together) during life test. The failed values ranged from 

117 to 384 nanoamperes (specified limit = 1UU nA max). The leakages were 

channeled and were bake recoverable, indicative of a surface related mecna- 

nism. In each case the excessive current was traced to one or uoth of the 

data inputs (pin b of F/Fl, pin 9 of F/F2). In each Lot B and Lot C part 

examined, the leakage was caused by excessive IÜSS in the n-chunnel transis- 

tor of the input transmission gate (Nl), as illustrated in Figure D32. In 

each Lot A part, the leakage was caused by excessive IDSS in the p-chdnnel 

transistor of the input transmission gate (PI). During life test, Nl and PI 

were "on," thus, the failure mechanisms of Nl and PI were probably the same as 

those responsible for the 1-^ failures described in Sections b.1.1 ano 

5.1.2. 

5.3 IIL/ISS FAILURE - LEAD PRECIPITATION 

Fourteen parts (12 Lot A and 2 Lot B) failed due to a pin-pin short 

during accelerated life. Thirteen parts exhibited excessive 1.., (all inputs 

together). The failed values ranyed from -123 to in excess of -1423 iidno- 

amperes (specified limit = -100 nA min). The leakage was quasi-exponetitidl 

and usually intermittent or erratic. In 12 of these parts the leakage 
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was traced to a high resistance short between pin 11 (the clock of F/F2) and 

pin 14 (VDD) and in one part the leakage was traced to a high resistance 

short between pin 5 (the data input of F/Fl) and pin 14. One part exhibited 

excessive Iss [17], [18], and [19] caused by a high resistance short between 

pin 7 (V--) and pin 14. The shorts were isolated to a conductive path in the 

glass seal between the pin 11, 5, or 7 lead frame and the deposited gold 

header (which is connected to VDD) where shown in Figure D33. The gold 

header extends under the glass seal beneath the tip of the lead frame, as 

shown in Figure D34. Cross sections of the glass seal disclosed faint traces 

of dark stains, similar to that found in the Manufacturer A 4001 package 

(Section 3.3), bridging from the lead frame to the gold header. The glass in 

this package is of the same composition (PbO-ZnO-B^Oj) as that of the 

Manufacturer A package and pins 5, 7, and 11 were negatively biased with 

respect to pin 14 (VnD) during life test. Thus, the failure of these parts 

was probably also caused by the same Pb reduction/precipitation mechanism 

responsible for the Manufacturer A 4001 failures. 

5.4 ISS/IIH FAILURE - MASK MISALIGNMENT 

Two Lot C parts, S/Ns C85 and C91, failed during step-stress after the 

16 hour/1750C step due to excessive Iss [17] and 1.,.,. Also, pin 1 of 

S/N C85 was stuck low and pin 2 was stuck high. The failed parameters did not 

improve after baking. Curve tracer tests of the parts disclosed that F/Fl of 

each part was drawing very high current, above 1.5 volts, during the 1,^ [17] 

and IjHl tests. The high IjH1 in S/N C91 was traced to high IDSS in n-cliannel 

transistor fü5 of the clock circuit caused by a degraded drain junction. Fig- 

ure D36 shows the I-V characteristic of the N15 drain junction of S/N C91. 

The excessive leakage reduced the Cl high level output voltage such that the 

transmission gate transistor PI of F/Fl was not being turned off during the 

I,.., test. This allowed excessive I... current to flow into pin 5 through PI 

to Vss via Pll-NU and N4 (which are on during the !,„, test). Examindtion of 

N15 after removal of the aluminum metallization disclosed that its drain con- 

tact opening was misregistered, placing the contact against the drain junc- 

tion, as shown in Figure D3b. As a result, an aluminum alloy pit in the con- 

tact penetrated and degraded the drain junction, as shown in Figure 1)37. 
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18X S/N B224 (4000 HRS/2250C) 

FIGURE D33 - INTERIOR OF THE PACKAGE (AFTER DISCON- 
NECTING THE PIN 11 AND PIN 14 (VÜQ) 
WIRES TO,ISOLATE THE LEAKAGE) SHOWING 
THE LOCATION OF THE CONDUCTIVE PATH 
(ARR JM^^ 

^H 

LEADFRAME 
(PINIl) 1 1 

\     - 
j •■ . 

DIE CAVITY 

GOLD 

CERAMIC 
* 7- '   1 / 

1 

f 
. V 

105X S/N A223 (4000 HRS/2250C) 

FIGURE D34 - CROSS-SfCTION OF THE PACKAGE THROUGH PIN 11 
SHOWING THAT THE GOLD HEADER PLATING 
EXTENDS UNDER THE LEAD FRAME. 
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.DS = 2 VOLTS/DIV.    S/N C91 (1750C STEP) 

FIGURE D35 - I-V CHARACTERISTIC OF THE DEflRAPFn 
DRAIN JUNCTION OF N15 (F/FI) OF 
S/N C91. 

39 5 X S/N C91 (175 C STEP) 

FIGURE D36 - MlSRmSTEREO DRAIN CONTACT (ARRQlJ) OF F/F1 
N1S OF S/N C9"l. 
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780X S/N C91 (1750C STEP) 

FIGURE D37 - F/Fl N15 DRAIN AFTER SILICON 
ETCH SHOWING AN ÄLLOLm 
(ARROW) THAT PENETRATED THE 
DRAIN JUNCTION.. 

i 
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Similarly, the failure of S/N C85 was traced to misregistration of the N15 

drain ohmic contact. Figure D38 shows the N15 transistors of F/Fl and F/F2 of 

S/N C85 aligned as they are oriented on the die. The ohmic contacts are dis- 

placed to the left in the photos and this placed the drain ohmic contact of 

N15 of F/Fl (and N14 of F/F2) over the junction. Note also the misregistra- 

tion of the thin gate oxide which left a strip of thick field oxide along one 

end of each channel. The exact cause of the Iss [17] failure in each part was 

not determined, but the curve tracer tests had indicated that the I— [17] 

failure was probably caused by the same type of defect responsible for the 

Ijui failure. 

The misregistration problem would likely be lot dependent but strangely 

no Lot C part failed due to this problem during the Lot C acceptance test even 

though this test was performed at 250oC. Five parts that survived the Lot C 

life test were delidded and examined. All five contained misregistered ohmic 

contacts. The worst case example is shown in Figure D39. This suggests that 

the mechanism that caused the contact to progress to failure nay not have been 

time-temperature dependent, but rather was induced by random stress such as 

an electrical transient. 

5.5 MISCELLANEOUS IIH/IIL/VIC+ FAILURES 

One Lot A part failed due to excessive 1.., (113 nA) which was traced to 

pin 5, the data input of F/Fl. The leakage was channeled and recovered after 

baking, indicative of a surface related mechanism. Pin 5 was grounded during 

life test, reverse biasing the input protection diodes to VDD. Thus, the 

channel was probably caused by charge separation in the fringing field of the 

reverse biased junctions. 

One Lot A part failed I,u1 (120 nA) which was traced to pin 8, the set HI 
input of F/F2. The leakage was resistive and intermittent, indicative of a 

mechanical problem, but the package was destroyed during delidding and the 

cause of the leakage was not determined. 
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400X S/N C31 

FIGURE D39 - F/F1 N15 OF A LOT ACCEPTANCE TEST 
SURVIVOR SHOWING THE DRAIN CONTACT 
(ARROW) OVERLAPPING THE JUNCTION. 

400X S/N C72 (120 HRS/250oC) 

FIGURE D4Q - DIELECTRIC BREAKDOWN SITE (ARROW) IN THE 
GATE OXIDE OF N4 OF F/F2. 
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One Lot C part failed I,.,, due to a 3K ohm short from pin 10 (reset of 

F/F2) to pin 7 (Vss). The short was traced to a gate to body short in 

n-channel transistor N4. The gate oxide contained a dielectric breakdown site 

as shown in Figure D40 and the amount of damage present indicated that the 

breakdown was probably caused by an electrical transient or static discharge. 

One Lot A part failed !,„, (167 riA) which was traced to pin 3, the clock 

of F/Fl. The leakage was isolated to the input-to-V,.,. protect diode and was 

not bake recoverable. The diode contained no flaw or visible damage. Pin 3 

was grounded during life test; consequently, there was no bias applied to the 

diode during life. Thus, it is suspected that the diode was damaged by an 

electrical transient or possibly was due to opening of the Vss connection at 

elevated temperature. (See discussion of Manufacturer D 4008 I.y failures, 

Section 9.2, for explanation of this failure mechanism.) 

One Lot A part failed VIC+ at pin 10 (1.6 volts) and at pin 4 (2.0 volts). 

The high forward voltage was traced to damage at the ohmic contact between the 

input stripe and the input to V-.,. protection network. The aluminum was 

melted and swollen from overheating at the contacts, as illustrated in Figure 

D41. This indicated that pins 4 and 10 probably had been electrically over- 

stressed. 
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256X S/N A144 (2000 HRS/250oC) 

FIGURE D41 - MELTED/SWOLLEN ALUMINUM (ARROW) AT THE 
PIN 10 OHMIC CONTACT. 
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6.0 4013 DUAL FLIP-FLOP - MANUFACTURER B 

t 

6.1 Iss FAILURES 

Thirty-eight parts (3 Lot A, 22 Lot B, 13 Lot C) failed during step-stress 

and accelerated life due to excessive I^CH] and/or Iss[18] and/or I^s[19] 

at 250C. Two parts failed ISSC17], eight failed Iss[18], two failed IsSCl9]. 

one failed Iss[17] and Iss[18], three failed Iss[17] and ISSC19], four failed 

Iss[18] and Iss[19], and 18 failed Iss[17], ISSC18], and Iss[19]. 

The three step-stress failures had oeen baked and had recovered. The 

other 35 failures were examined on the curve tracer. The ten diagnostic I<-s 

parameters developed for the Manufacturer C 4013 shown in Table D10 were 

measured. Four parts showed no parameter out of tolerance which indicated that 

the parts had recovered while awaiting analysis. Twelve parts (eight Lot C 

and four Lot B) exhibited excessive leakage for all ten tests with the clocks 

low and no leakage for all ten tests with the clocks high. This indicated 

that the degraded transistor was located in a clock circuit (N20, N22, or 

P21). The remaining 19 parts displayed ten different patterns of failure, as 

shown in Table Dll. These parts would required a diagnostic matrix to analyze. 

The matrix developed for the Manufacturer C 4013, Figure 024, could not be 

used for the Manufacturer B 4013 because the circuit designs are completely 

different. Since there were too few parts per lot/per failure pattern and 

since some of the parameters in six of the parts had recovered, it was decided 

not to develop ä diagnostic matrix for these random failures. Consequently, 

only the 12 parts with a degraded clock transistor were analyzed in detail. 

All other parts were leak tested, baked, and delidded for examination only. 

6.1.1 Irs Failures Degraded Clock Transistor - Iss of the 12 parts with a 

degraded clock transistor ranged from 1 to 300 yA. In all eight Lot C parts 

and in two of the Lot B parts the leakage was associated with F/F2. In the 

other two Lot B parts, the leakage was associated with F/Fl. The leakage was 
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TABLE DU - PATTERNS OF I$s FAILURE BASED ON CURVE TRACER TESTS 

t: 

LOT- 
TEMP 

A-2500 

B-2500 

C-250o 

A-2250 

B-2500 

6-250° 

8-250° 

C-250° 

8-225° 

8-250° 

8-250° 

8-250° 

8-250° 

8-250° 

C-250° 

TIME OF 

FAILURE 

250 
IK 
4K 

120 
250 

2K 
6K 
2K 

2K 

120 

64 

4K 

4 

6K 

4 
6K 

S/N 

Al 33 
8135 
8105 
8121 
C104 
«13 

A225 
A183 
891 

B94 
8142 

8154 

C75 

8201 

B124 

8141 

8101 

8153 
B103 

FLIP-FLOP 

1 
1 
1 
2 
1 

1+2 

1+2 
1+2 
1+2 

1 
2 

1 

1 

1 

2 

Iss TEST NUMBER 

I '~f'r~KT'T~E~WK~M 

ma 

m m 

K) D El x 

K) 

H H G) 

□ 
E)      x 

D D m 

x   x 
D D ca x 

x x   x 

4K 
&K 
120 

8114 and 8122 
8151 
C85 

RtCOVERED 

NOTES: 
X  = TN KXCrSS Oh   ILA DURING THE  CURVE   IRAriR  BENCH  TEST. 
\2* STANDARD SPKIUFD TEST (L, [1/].[1R],[!9])   IN EXCESS OF  lyA DURlNf. KEUKICAL 

PARAM! r(R Ki ASUREMENT. ^^ 
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traced to excessive IDSS in n-channel transistor N20 or N22 of the clock 

circuit. IDSS was channeled, as illustrated in Figure D42, and the drain- 

to-source leakage could be pinched off by applying a negative voltage from 

gate to source. The leakage would drift at room temperature. Application of 

a positive gate voltage for a few minutes would cause IDSS to increase about 

one order or magnitude and negative gate voltage stress would cause IDSS to 

decrease to within specification. These findings indicate that the gate oxide 

contained highly mobile positive charges. During life test, zero volts had 

been applied across the gate oxide of N20 and N22 (their body, source, and 

gates were grounded). Thus, it does not appear that the charge accumulation 

resulted from conventional charge migration through the gate oxide. This 

n-channel transistor failure mode has been observed and investigated during 

previous high-temperature accelerated life tests conducted by this laboratory 

for NASA and for RADC. In both instances, the instability was attributed to 

moisture that had accumulated in the package due to cracked glass seals [1] or 

due to outgassing of epoxy die attach material [2]. However, the Manufacturer 

B 4013 utilises eutectic die attach and leak tests of the 12 parts disclosed 

that all but two were hermetic. Possibly, the Manufacturer B 401i had devel- 

oped the onset of cracks such as those that had occurred in the Manufacturer B 

4001 and moisture was drawn into the cavity by a package breathing phenomenon. 

[1] G. M. Johnson, "Voltage Stress Effects On Microcircuit Accelerated Life 

Test Failure Rates", NASA Contract NAS8-31177, July, 1976. 

[2] G. M. Johnson, "Evaluation of Microcircuit Accelerated J'est Techniques", 

RADC-TR-76-218, July, 1976, A029757. 
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'DSS 

VDS S/N C54 (250 HRS/250oC) 

FIGURE D42 - IDSS CHARACTERISTIC OF N20 OF F/F2. 

o 

VR = 2 VOLTS/DIV. S/N A185 (6000 HRS/2250C) 

FIGURE D43 - REVERSE I-V CHARACTERISTIC OF D3 OF 
 PIN 5." 
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6.1.2 Random and Recovered !_ Failures - The remaining 26 parts were leak 

tested and baked as necessary. The results of these tests are shown in Table 

D12. The parts were baked for 24 hours at 250oC, then retested. Any part 

that failed after this bake was delidded and baked for 72 more hours at 

250oC. The table shows the final results after all bakes. Each part was 

delidded and microscopic examination of the interior and the die disclosed no 

visible anomaly in any part. The results of the bakes indicated that there 

were possibly 14 different failure patterns in the 19 failed parts rather than 

the oriyinal suspected ten categories. However, since the 19 parts were not 

analyzed in detail, all parts are shown in only two failure categories, bake 

recoverable (surface instability) and non-bake recoverable, on the failure 

summary tables. 

6.2 IIL FAILURE 

One Lot A part exhibited excessive (285 nA) 1.,, (all inputs together) 

that was traced to pin 5, the data input of F/Fl. The leakage was caused by a 

degraded input to VDD protection diode, D3. D3 displayed a channeled 

reverse characteristic, as shown in Figure 043, and the leakage was recover- 

able. Pin 5 had been grounded duriny life test, thus, D3 had been reverse 

biased. Therefore, the degradation was attributed to a charge separation 

mechanism in the fringing field of the junction caused by ionic contamination 

in or un the passivation layers. 
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TABLE D12 - RESULTS OF THE LEAK TESTS AND BAKES OF THE 26 PARTS 
 NOT ANALVZCD IN DETAIL :  

LEAK TEST RESULTS 
(P^PASSED. FLAILED) 

S/N FINE GROSS     RESULTS OF UNPOWERED BAKES 

A133 P P       WORSE 
B135 P F       RECOVERED 
B105 P P 
B121 P F 
C104 P P 
C113 P P 

A225 P P       RECOVERED 
A183 P P       WORSE 
B9i P P       RECOVERED 

B94 F P       NC CHANGE 
B142 P P       RECOVERED 

B154 P P       RECOVERED 

C75 P P       NO CHANGE 

B201 P P       NO CHANGE 

B121 P P       RECOVERED 

B141 P P       NO CHANGE 

B101 P F       RECOVERED 

B153 P P       WORSE 
B103 P F       RECOVERED 

B114 P P       {RECOVERED AWAITING ANALYSIS) 
B122 P P 
B151 P F 
C85 P P 

B46 P P       (BAKED AND RECOVERED AFTER STEP STRESS) 
B34 P P 
C35 P r 
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7.0 4017 DECADE COUNTER/DIVIDER - MANUFACTURER D 

7.1 Iss FAILURES 

One hundred seventy-nine (179) parts (72 Lot A, 59 Lot B, and 48 Lot C) 

failed Iss [14] (inputs low) and/or Iss [15] (inputs high) during step- 

stress and accelerated life. Of these, twenty-eight (28) parts had first 

failed Iss, V0H2, or V0L2, at +125
0C or -550C only, were left on test, 

and eventually failed !„ at 250C. Therefore, for purposes of statistical 

analysis and failure categorization these parts were considered as 250C Iss 

failures at the time of the 250C failure. 

Because the two specified Iss tests do not give sufficient information 

about the part to troubleshoot or even categorize these failures, the Iss 

leakage of each part was examined on a curve tracer while applying all combina- 

tions of inputs and while manually stepping through a counting sequence. The 

results of these tests, shown in Table D13, disclosed that there were 15 types 

of failures (the table lists only 166 parts because 9 Lot C step-stress 

failures had been baked and had recovered and because 4 life test failures had 

recovered while awaiting analysis). These patterns were not always clear cut 

since many of the parts displayed varying amounts of leakage during the 

majority of combinations of input conditions and counts. Such parts were 

listed according to the pattern which showed the greatest amount of constant 

leakage. Because of the complexity of the device, it was evident that all 15 

failure types could not be fully investigated within the scope of this program. 

Consequently only the first six types of failure, representing 83% of the 

total Iss failures, were investigated in detail. 

The 4017 consists of five master/slave flip-flops (F/FO through F/F4) 

connected as a Johnson counter through transmission gates. It also contains a 

gating circuit between F/Fl and F/F2, a carry-out inverter, and ten output NOR 

gates. The type 6 failures showed excessive current only when outputs "0" and 

"1" were high, which indicated that the problem was located at the "0" and "1" 
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TAPU Pt3 - RESULTS OF CURVE TRACER 
TROUBLESHOOTING OF THE Iss FAILURES 

FAILURE 
TYPE FAILURE PAITLP.N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

ss GREATEST WITH 0, 1, 2, 3. 4 HIGH (C0UT 

ss GREATEST WITH 7, 8, 9. 0, 1 HIGH 

ss GREATEST WITH 9, 0, 1, 2. 3 HIGH 

ss GREATEST WITH 6, 7, 8, 9, 0 HIGH 

ss GREATEST WITH 8, 9, 0, 1, 2 HIGH 

ss GREATEST WITH 0 AND 1 HIGH 

ss GREATEST WITH S, 6, 7, 8, 9 HIGH (C0UT 

ss GREATEST WITH 1, 2. 3, 4. 5 HIGH 

ss GREATEST WITH 1 HIGH 

SS 

SS 

SS 

HIGH) 

LOW) 

GREATEST WITH RESET HIGH 

GREATEST WITH CLOCK HIGH 

GREATEST WITH ALL COMBINATIONS Of INPUTS 

OUTPUTS 3 AND 7 DON'T SWITCH 

COUNT STOPS AT 4 

RANDOM PATTERNS 

OUANTI TY OF PARTS 
Lot A Lot ß Lot C 

0 5 39 

37 13 0 

5 1 0 

2 15 0 

4 5 0 

12 11 0 

3 0 0 

0 1 0 

1 0 0 

1 0 0 

1 1 0 

0 1 0 

0 1 0 

1 0 0 

2 4 0 
69 58 39 
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output pins or in their NOR gates. The other five types of failure occurred 

only during a specific counting sequence. The possible locations of the 

leakage were determined from the diagnostic diagram shown in Figure 044. The 

diagram contains the states of the outputs of the master and the slave sections 

of each flip-flop, the output of the Cgy-j- Inverter, and the output of the 

gating circuit during the counting sequence. By comparing the pattern of 

Iss during counting to the pattern of logic states in the diagram, the 

suspect stages could be pin-pointed. The type 1 failures showed the greatest 

leakage when "0" through "4" were high, specifically during transitions listed 

In Figure D44 beneath the diagnostic diagram. The pattern Indicated that the 

leakage was located in the C0UT inverter or the slave of F/F4. The type 

2 failures displayed the most leakage when "7" through "1" were high as 

shown in Figure D44, indicating that the leakage was located in the gating 

circuit or the slave of F/Fl. Likewise, the types 3, 4 and 5 failures 

were indicative of leakage in the slave of F/F3, the slave of F/FO, and the 

slave of F/F2, respectively. 

7.1.1 Type 1 Failures - Every Lot C part that failed during lot acceptance 

(39 parts) and five Lot B parts exhibited excessive Iss due to leakage in 

the C0L,-r inverter or the slave of F/F4. The leakage was very high, ranging 

into the tens of milliamperes. All of the Lot C parts had exhibited VQH1 

and VQU- parametric failures at pin 12 (CQM-T) due to the high leakage and 

this indicated that the leakage was located in the C0Uj stage rather than 

the F/F4 slave. Also, all of the Lot C parts exhibited V0H1 and V«..« 

parametric failures at pin 11 ("9") and many of the parts also exhibited 

excessive leakage during count "9", which indicated that the Lot C parts also 

contained leakage in the pin 11 output NOR gate. 
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CLOCK: 

OUTPUT STATE OF EACH STAGE (H'HIGH. L'lOW) 

TnjifirLTLmumrL 
01?34567890 

STAGE 

F/FO - MASTER 
- SLAVE 

F/Fl - MASTER 
- SLAVE 

F/F2 •• MASTER 
- SLAVE 

F/F3 - MASTER 
- SLAVE 

F/F4 - MASTER 
- SLAVE 

C0UT INVtRTER 

GATING CIRCUIT 

H L 
H H 
H H H 
H H H H 
H H H H H 
H H H H H H 
H H H H H H H 
HHHHHHHHL 
HHHHHHHHHL 
HHHHHHHHHH 
HHHHHHHHHH 

HHHHHHHHHHL 
LHHHHHHHHHH 
LLHHHHHHHHH 
LLLHHHHHHHH 
LLLLHHHHHHH 
L L L L L H H H H H H 
LLLLLLHHHHH 
L L L L L L L H H H H 
L L L L L L L L H H H 
LLLLLLLLLHH 
L L L L L L L L L H H 

HHHHLLLLLLLLLLHHHHHHHH 

FAILURE TYPE 

TYPE 1 
TYPE 2 

FAILURE (TYPE 3 
SYMPTOMS jTYPE 4 

TYPE 5 

X X X X X X X X X X 
X X X X 
X X X X X X X 
X X 
X X X X X X 

X X 
XXXXXXXX 

X X X X 
X X X X X X X X X X 

X X X X X X 

X=ISS GRKAUST DURING THISE TRANSITIONS 

HGURE D44.i$s DIAGNQSUC DIAGRAM FOR THE MANL'FAfTÜRER D 4017 
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Analysis of these parts established that the high leakaye was due to 

excessive Ioss in N-channel transistor N17 of the CQUJ inverter (all 

parts) and N-channel transistor N20 of the "9" NOR gate (most of the parts). 

IDSS of N17 and N20 were channeled, as illustrated in Figures D45 and D46, 

and the drain to source leakaye could be pinched off by applyiny a neyative 

voltage from gate to source. In each case, the leakages were bake recoverable. 

These findings indicated that the high IDSS was due to inversion of the 

channel region caused by the accumulation of a net positive charge at the gate 

oxide/silicon interface. During life test, the gate, drain, and source-body 

of N20 were low and the gate and source-body of N17 were low. Since there was 

no applied field across the gate oxides of N20 or N17, the charge accumulation 

could not have resulted from conventional cation drift through the gate oxide. 

An identical n-channel transistor failure mode in a Manufacturer D CMOü device 

has been observed and investigated duriny a previous high temperature accelera- 

ted life test conducted for RADC oy this laboratory UJ. In this instance, 

the instability was attributed to moisture that had accumulated in the packaye 

due to outgassing of the epoxy die attach material used by Manufacturer Ü. 

Since the Manufacturer D 4017 also uses epoxy die attach, it is suspected that 

these failures may also have been caused by outyassimj. 

7.1.2 Type 2 Failures - Thirty-seven (37j Lot A parts and thirteen (13) Lot b 

parts showed greatest leakage duriny counts "7" through "1" indicatiny that 

the leakage was located in the F/F2 input gating circuit or the slave of F/Fi. 

Analysis of these parts established that the leakaye was due to excessive 

^USS ^n P"c^anne1 transistor P2b of the gating circuit. P2t> exhibited a 

channeled reverse characteristic, as illustrated in Figure 047, nominal 

threshold voltage, and tiie drain-source leakage could not be pinched off with 

positive gate-source voltage. These finoinys indicated that P2b contained a 

degraded drain junction. The deyradation was bake reversible indicating d 

Llj U. M. Johnson, "Voltage Stress Lffects on hicroclrcuit Accelerated Litt 

Test Failure Rates", NASA Contract NAS«-31177, July iy7o. 
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lDSS 

VD_S    S/N C82  (120 HRS/250oC) 

FIGURE 045 -  IDSS CHARACTERISTIC OF N17 OF_THE_ 
"C0UT INVERTER. ~ "  " 

l 

'DSS 

FIGURE  046  - 

VD_S    S/N C82  (120 HRS/250,C) 

IDSS CHARACTERISTIC OF N20 OF  THE 

"9"  OUTPUT  STAGE. 
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lDSS 

'D-S 
S/N A193 (1000 HRS/2250C) 

FIGURE D47 - IDSS CHARACTERISTIC OF P26. 

1* 
l 

40X S/N A212 (500 HRS/2250C) 

FIGURE D4B - EXAMPLE OF THE CONDITION OF 
THE DIE AFTER PARTIAL GLASS;. 
I VAT ION ETCH. 
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surface related mechanism. During life test, the drain junction of P26 was 

reverse biased {P26 was "off"), thus the degradation was probably caused by 

mobile ions in the passivation which separated in the fringing field of the 

reverse biased junction. 

7.1.3 Type 3.4 and 5 Failures - Eleven (11) Lot A parts and twenty-one (21) 

lot B parts exhibited Iss patterns that, in terms of greatest leakage, 

indicated that the leakage was located in the slave section of F/FO, F/F2, or 

F/F3» However, the patterns in these parts were almost always ambiguous due 

to overlapping of patterns, and due to the presence of other leakages within 

the part. For example, S/N221 exhibited the pattern shown in Table D14 in the 

"initial test" column. Iss was a constant (30 yA) during counts "6" through 

"0", indicative of leakage in the slave of F/FO. Iss also was appreciable 

and was fluctuating during counts "1" through "5", indicating that there were 

several other leakage sices within the circuit. Also, the Iss values 

drifted with time and applied bias of room temperature. The second and third 

columns (1st retest and 2nd retest) of Table D14 shows the values of Iss of 

S/N B221 after two one-minute intervals of applied bias. Because the patterns 

were ambiguous and because they were not repeatable, it was not possible to 

externally pin-point the leaky transistors or to establish the component 

values of the leakages with any certainty. Die level probing of representative 

samples of these type failures to isolate the leakages was unsuccessful. The 

glassivation layer on these parts would etch unevenly, as illustrated in 

Figure D48, and as a result the glassivation on the interior of the die was 

removed before the glass on the periphery of the die. The transistors of 

interest were located close to the periphery, but before they could be com- 

pletely exposed for probing the interior transistors were undercut and severely 

degraded making quantitative and qualitative investigation of ]<.<- impossible. 

It was suspected that the uneven etching was caused by uneven distribution of 

phosphorous in the glassivation, but it is not known whether the glassivation 

problem had contributed to the failure of these devices. Because of the 

difficulties encountered, this group of failures was not investigated further. 
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TABLE D14 - Icc VALUES OBTAINED DURING 

k 
L 

CURVE TRACER TESTS OF S/N B221 

COUNT CLOCK STATE Iss (mi croamperes) 

INITIAL TEST 1st RETEST 2nd RETEST 

0 H 30 _ «, 

L 30 - - 

1 H 20 200 250 
L 8 150 200 

2 H 18 160 210 
L 5 110 150 

3 H 18 150 180 
L 5 100 130 

4 H 18 130 150 
L 4 80 100 

5 H 15 50 70 
L 2 10 20 

6 H 30 160 180 
L 30 130 140 

7 H 30 200 220 
L 30 180 200 

8 H 30 240 250 
L 30 200 230 

9 H 30 250 280 
L 30 230 260 

0 H 30 300 300 
L 30 300 340 
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All remaining parts were baked and recovered, thus these failures could be at 

least categorized as surface related failures. 

7.1.4 Type 6 Failures - Twelve (12) Lot A and eleven (11) Lot B parts exhi- 

bited excessive Iss whenever "0" and "1" were high. Also, most of these 

parts exhibited VQ. and V0H high failures and timing errors associated 

with these two outputs and other outputs as well. The failures were traced to 

high resistance shorts between adjacent pins. Each part contained a resistive 

short (ranging from 2K ohms to 100K ohms) between pin 3 ("0") and pin 2 ("1"). 

Some parts also contained a short between pins 12 (C0l.T) and 13 (Inhibit) or 

pins 11 ("9") and 12 or pins 16 (VDD) and 1("5"). 

The shorts were caused by a trail of conductive dendritic growth bridging 

between the internal deposited package lead frames as illustrated in Figures 

D49 through D51. The growth was located on the surface of the ceramic and 

usually emanated from an obvious residue on the edge of the frame. The growth 

always occurred between a pin that had been positively biased and a pin that 

had been grounded during life test indicative of electrolytic reaction. SEM 

x-ray analysis of a failure site, Figure D52, disclosed that the growth was 

composed of nickel (from the lead frame), as shown in Figure D53, and that the 

residue contained phosphor^ is and chlorine as shown In Figure D54. These 

findings indicated that a chemical residue had been left in the package 

during manufacturing and this, combined with the applied bias (and possible 

moisture from oucgassing of the die attach epoxy), caused an electrolytic 

reaction to occur that resulted in migration of nickel across the surface of 

the ceramic. 

7.1.5 Type 7 Through 15 Failures (Not Analyzed in Detail) - These 17 parts 

were baked and 1,^ of all but one part recovered. Fine and gross leak tests 

of the parts disclosed no loss of hermeticity in any part. These 17 bake 

recoverable parts, along with the 4 life test failures that had recovered 

while awaiting analysis, are listed together as surface-related failures on 

the analysis summaries. 
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U(-H)           13(   ) 

t 
7 

12(0 

(B) 

11 (-) 

15(4) 
(A) 10(  ) 

16(4-) ^>':""     , 9(-) 

l(-) '^S ■ ■■ "         ':•-'.   : ■■ 8(~) 

2(-) 
/(A) : 

,.  :•?*!■.. . - .';:
r< 

:        7(-) 

,_ 
3(+)       4(-^ 5(-) 6{-) 

19X S/N A72  (500 HRS/250oC) 

FIGURE D49 -  INTERIOR OF THE PACKAGE SHOWING DENDRITE 
GROWTH TA)  BEtWEE'NJ>INS_2 ANDJ_AND 
BETWEEN PINS 12 AND 13, THE RESIDUE _0N_ 
PINS 3 AND 1_2  LB)A AND THE BIAS ON EACH 
PIN DURING LIFE TESt.    1+ =  +15 VÖLTS^ 
- - GROUND). 
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BOX S/N A72 (500 HRS/250oC) 

FIGURE D50 - CLOSE-UP OF THE GROWTH BETWEEN PINS 12 
AND 13. 

256X S/N A72 (500 HRS/250oC; 

FIGURE D51 - CLOSE-UP OF THE GROWTH BETWEEN PINS 2 
AND 3. 
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80X S/N Al 12 (500 HRS/250oC) 

FIGURE D52 - CLOSE-UP OF THE GROUTH AND RESIDUE IN. THE 
  'PART'EXAMINED USING SEM X-RAY ANALYSIS. 

SHOWING THE AREAS SCANNED (ENCIRCLED). 

FIGURE D53 - X-RAY SPECTRUM OF THE DENDRITE 
GROWTH (AREA "A" OF FIGURE D52). 
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FIGURE D54 - X-RAY SPECTRUM OF THE RESIDUE 
(AREA "B" OF FIGURE D52). 

o 
CM 

VIH (2 VOLTS/DIV.) S/N A273 (260oC STEP) 

FIGURE D55 - EXAMPLE OF PIN 13 1^ I-V CHAkAC: 
TERIST1C. 
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7.2   IIH [1] FAILURES - DAMAGED INPUT DIODE 

Eight (8) Lot A parts and fourteen (14) Lot B parts failed due to 

excessive I... [1] current at pin 13, the clock inhibit, during step-stress 

and accelerated life. The failed values ranged from 17 nA to 13 uA. The 

leakage was always exponential, as illustrated In Figure 055, and was not bake 

recoverable, which was indicative of a bulk-related mechanism. The leakage 

was traced to a degraded input protection diode, 06, between pin 13 and 

Vss. In instances where the leakage was in the nanoampere range, the 

diode contained no discernible damage or defect as illustrated in Figure 056. 

In instances where the leakage was in the microampere range, the diode con- 

tained visibly burned or swollen metallization at the cathode ohmic contact as 

illustrated in Figure D57. The damage indicated that the degradation was 

caused by excessive current through 06. During life test, pin 13 and Vss 

were connected to ground, thus no current should have flowed through 06 at 

elevated temperature. However, the other two inputs, pins 14 and 15, were 

connected to V^ (+15 volts) during life test and in no instance did a pin 

14 or a pin 15 sustain any damage. This suggested that the damage was 

related to life test conditions and not the result of an external overstress 

that occurred during handling or testing of the parts. A possible explana- 

tion was that the external connection between the V,-,- lead and ground opened 

at elevated termperature. With Vss open, the entire device current would flow 

to ground via D6 and pin 13. Experiments disclosed that the device current 

under these conditions (open Vss and elevated temperature) was excessive (due 

to a latch-up effect) and of sufficient magnitude to damage 06. Continuity 

checks of the life test chassis disclosed open \L- solder joints associated 

with the parts that had failed I,.. [1], thus confirming the suspected cause of 

failure. 
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490X S/N AZ73 (260oC STEP) 

FIGURE D56 - DIODE D6 (ARROW) AFTER SILICON ETCH. 

256 X 

FIGURE D57 

I 

S/N B162 (250 HRS/225'C) 

EXAMPLE OF DAMAGED D6 CATHODE 0HI-1IC CONTACT 
(ARRÖWi. 
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7.3   IIL C4] FAILURES - CHANNELED INPUT DIODE 

One Lot A and one Lot B part failed due to excessive I., [4] current 

(22 nA and 47 nA, respectively) at pin 13 during 2250C life. The leakage was 

channeled and bake recoverable Indicative of a surface Instability mechanism. 

During life test, pin 13 was grounded, which reverse biased the Input diodes 

to VDD, 04 and D5. Therefore, the degradation was attributed to ionic 

contamination in the passivation which separated in the fringing field of the 

reverse biased junction and inverted the underlying silicon. 
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8.0 4017 DECADE COUNTER/DIVIDER - MANUFACTURER A 

8.1 Iss, IIH, OR V0H2 FAILURES - PIN-PIN SHORTS (Pb PRECIPITATION) 

During accelerated life, thirteen (13) Lot A and ten (10) Lot B parts 

failed I — , IIH, I,. , or VQH2 due to high resistance (kilohn to 

megohm), sometimes intermittent, shorts between adjacent package leads. A 

complete summary of the location of the short in each part and the resultant 

parametric failures is presented in Table D15. Eleven parts contained a short 

between pin 13 (clock enable) and pin 14 (clock). The pins 13-14 shorts 

resulted in !,„ [1] and !,„ [2] failures, ranging from 33 nA to 1 mA, 

since one pin is connected to VDD and the other to Vss during measurement 

of I,M. Two parts contained a short between pin 12 (CQ-JJ) and pin 13. 

The pins 12-13 shorts resulted in I,. [4] failures, 14 and 39 nA, since pin 

13 is connected to Vss and pin 12 is high during measurement of 1.. [4]. 

Ten parts contained a short between pin 9 (count "8") and pin 8 (Vss). The 

pins 9-8 shorts resulted in V0H„ failures at pin 9, ranging from 14.977 to 

14.642 volts, because the short loaded the output dunnn measurenent of 

V„H?. The shorts resulted in Iss [14] (all inputs lew) failures, ranging 

from 25 to 469 nA, because pin 9 may be high during measurement of Iss [14] 

(low). The shorts were traced to lateral trails of conductive dendrite 

growth in the glass seal, bridging between adjacent package pins as illustrated 

in Figure D58. The growth was identical to that which occurred in the Manufac- 

turer A 4001 package and was attributed to Pb reduction and precipitation as 

described in Section 3.3. The Manufacturer A 4017 package is identical to the 

4001 package, therefore, the 4017 failures were likewise attributed to Pb 

dendrite growth. 

8.2 V0H2 FAILURES - CATION DRIFT 

Seven (7) Lot A parts and one (1) Lot B part failed VÜH2 at pin 1 (3 

parts), pin 3 (1 part), pin 6 (3 parts), or pin 7 (1 part) during accelerated 
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TABLE D15 - SUMMARY OF FAILURES DUE TO PIN-PIN SHORTS 

L 

TIME OF 
LOT/TEMP S/N 

A233 

FAILURE 

250 

FAILE 

IIH [1] A» 

D PARAMETERS         LOCATION OF SHORT 

A-225',C D IIH [2]           PIN 13 TO PIN 14 

A221 500 
A213 4000 

A223 4000 

B-250<,C 834 3000 

i-ZZh'C B234 1000 

B204 2000 ♦ 
3244 2000 iH m 
B211 4000 hnW 
mi 

▼ B232 v f 

B-ZbO'C 

B-2250C 

B124 

B241 

3000 

2000 

lIL [4]                    PIN 13 TO PIN 12 

A-250oC A33 2000 V0H2;PIN 9) AND Iss [14]       PIN 9 TO PIN 8 

A71 3000 
I 

V0H2(PIN 9)                       | 

A91 
A92 
A122 ' P 

A-??50C A203 2000 ( i 

A231 V0H2(PIN 9) and Iss [14] (INPUTS LOW) 

B-PWC B131 3000 V0H2(PIN 9)    ^                                          i > 

A-ZWC A4 3 1000 Iss [14] and I,- [15]          PIN 9 TO PIN 8 

A93 20 00 ■ss [14] i 
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40X S/N A203 (2000 HRS/2250C) 

FIGURE D58 - CROSS-SECTION OF THE PACKAGE SHOWING THE 
DENORITE GRO'.JTH (ARROW) BETWEEN PJNS 8 
AND 9. 

DRAIN 

VGS -  OV) S/N A141 (500 HRS/250oC) 'DRAIN-SOURCE 

FIGURE 059 - EXAMPLE OF A CHANNELED I 
DSS CHAR- 

ACTERISTIC OF rj19 OF  PIN  1 

D35 
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life. The failed values ranged from 14.987 to 14.120 volts. The low V0H2 

was traced to loading of the output caused by excessive leakage (7 uA to 2.3 

mA) in the n-channel output transistor, N19, that is off during the VQH2 

test. N19 displayed a channeled Ioss characteristic, as illustrated in 

Figure D59, and the leakage was bake recoverable, indicative of a surface 

related mechanism. In most instances, the drain-source leakage could be 

pinched off by the application of negative gate-source voltage. This indicated 

that the leakage was due to inversion of the channel caused by the accumula- 

tion of a net positive charge at the gate oxide/silicon interface. During 

life test the pins 1, 6, and 7 N19 transistors were "on" ("5". "7", and "3" 

were low), thus the charge accunuilation in these transistors was probably 

caused by cation drift through the gate oxides. The pin 3 N19 transistor 

was "off" during life test ("0" was high), thus the failure ot this transistor 

was probably caused by charge separation in the fringing field of the reverse 

biased drain junction. 

8.3 MISCELLANEOUS Iss FAILURES - SURFACE INSTABILITY 

Twelve (12) Lot A, one (1) Lot B, and one (1) Lot C parts failed Iss 

[14] and/or [15] during step-stress or life test due to surface related 

mechanisms. The results of curve tracer troubleshooting of these 14 parts. In 

the manner described in Section 8,1.0, is presented in Table 016. The step- 

stress failure had been baked and had recovered, and 4 parts had recovered 

while awaiting analysis. The other 9 parts exhibited 8 different types of 

failures; consequently, these 9 random failures were not analyzed in detail. 

All 9 parts were baked and every part recovered. Fine and gross leak tests of 

these parts disclosed no loss of hermeticity and microscopic examination of 

their interiors revealed no discrepancy. Thus, these 14 failures were classi- 

fied as surface related and the exact failure mode, mechanism and cause was 

not established. 
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TABLE D16 - RESULTS OF CURVE TRACER TROUBLESHOOTING OF 
JHUss FAII.VRK 

FAILURE PATTERN 

Iss GREATEST WITH 7, 8, 9, 0. OR 1 HIGH 

2, 3, 4, 5. OR 6 HIGH 

5, 6, 7, 8. 9, OR 0 HIGH 

0. 1, 2, 3, 4. 6, 7, 8. OR 9 HIGH 

9, 0, 1, OR 2 HIGH* 

ANY OUTPUT HIGH 

RESET HIGH 

RESET LOW 

Iss RECOVERED WHILE AWAITING ANALYSIS 

Iss RECOVERED AFTER BAKING 

QUANTITY OF PARTS 
LOT A LÖTB 

Bot 
LÖTC 

STEP-STRSSS   2508C ' 225SC IZS'C 25Ö#C 

0 0 0 1 0 0 

0 0 0 0 0 1 

0 1 0 0 0 0 

0 0 0 0 i 0 

0 1 0 0 0 0 

0 1 1 0 0 0 

0 0 1 0 0 0 

0 1 0 0 0 > 

0 1 3 0 0 0 

1 0 0 0 0 0 

1 5 5 1 1 I 

•COUNT 8 IS STUCK HIGH DURING THESE COUNTS. 

r 
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9.0 4008 FOUR BIT FULL ADDER - MANUFACTURER D 

9.1 Iss FAILURES 

One hundred-fourteen (114) parts (58 Lot A, 54 Lot B, and 2 Lot C) failed 

due to excessive Iss during accelerated life and lot acceptance. Each part 

failed from 2 to 28 of the specified 28 I-- tests, and there were no distinct 

patterns by which to categorize the failures. The 28 Iss tests were of no 

use in troubleshooting the parts to isolate the leakage to a specific transis- 

tor(s) within the part. This was because the 4008 contains nine inputs and 
q 

therefore a total of 512 (2 ) combinations of inputs conditions would be 

necessary to completely isolate any leakage in the part. The specified IoS 

tests represent only a random selection of 28 of these combinations. Examina- 

tion of all 28 Iss values (both failed and unfailed) of each part revealed 

that all 28 values were either failed or high in 91% (104/114) of the parts. 

This meant that most of the parts either contained a leaky p-well junction or 

contained multiple leaky transistors (or both). To determine if the parts 

could possibly contain a single common failure mode, five parts failing all 28 

Iss tests were selected and their p-well junctions were evaluated. The 

Manufacturer D 4008 contains three p-well diffusions. The diffusions were 

isolated, probed, and measured in each part. Two of the parts each contained 

one degraded p-well that accounted for the Iss failures displayed by each 

part. The reverse I-V characteristic of the p-wells was channeled, as 

illustrated in Figure D60, and was bake recoverable indicative of a surface 

related mechanism. The other three parts contained no p-well leakage and this 

indicated that the excessive Iss was due to multiple leaky circuit transis- 

tors. There was no way to determine externally which of the five parts 

contained a leaky p-well and which did not. Consequently, the failure cate- 

gorization and failure modes of these parts could only be established by die 

level probing of every part. This would be impractical in the case of parts 

with multiple leaky transistors since the Manufacturer D 4008 contains 168 

transistors and external 'cests could not establish which transistors were 

leaky. Therefore, the regaining parts were not analyzed in detail. All parts 

f 
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S/N Ä112  (64 HRS/2250C) 

FIGURE D60 - EXAMPLE OF THE REVERSE  I-V 
CHARACTERISTICS OF A DEGRADED 
P-WELL JUNCTION. 

< 
C 
O o 

VIH - 2  VOLTS/DIV 

FIGURE D61 - I IH 

S/N B33 (200l'C STEP) 

I-V CHARACTERISTIC OF 

I 

PIN 7 (L/H TRACE) AND 
PIN 15 (R/H TRACE). 
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were baked ana Iss in each part recovered, therefore all 114 Iss failures 

were classified as surface instability failures. 

9.2 IIH1 FAILURES - DAMAGED INPUT DIODE 

Duriny the tests 17 parts (7 Lot A, 9 Lot B, and 1 Lot C) failed due to 

excessive I^, ( all inputs together ) that was not bake reversible. 

Troubleshooting disclosed that each part contained one to three degraded 

inputs. One part contained a degraded pin 5, six a degraded pin 6, seventeen 

a degraded pin 7, and four a degraded pin 15. The leakage was always exponen- 

tial, as illustrated in Figure D61, and ranged from 15 to 5500 nanoamperes. 

The leakage was traced to a degraded input-to-Vsc. protection diode. Each 

input of the Manufacturer D 4008 device contains two input-to-VS(. diodes, 

one on either side of the input series resistor. In each instance, only the 

diode connected directly to the input pin (D18, 1)2!, D24 or D3) was degraded. 

Examinations of the diodes disclosed no bulk damage, as illustrated in Figure 

1)62. During life test, pins 5, 6, 7, 15, and Vss were connected to ground, 

consequently no bias was applied across the diodes which had degraded and no 

current should have flowed through the diodes at elevated temperature. The 

absence of obvious damage and the fact that the diodes which had failed had 

had zero applied bias suggested that the degradation might have been due to 

static discharge during handling or electrical transients during testing. 

However, the other five inputs of the device, pins 1, 2, 3, 4 and 9 were 

connected to V.^ (+15 volts) during life test and no instance of this type of 

degradation occurred at one of these inputs. This indicated that the deyra- 

dat.ion was related to the life test conditions and not the result of an 

external overstress. A possible explanation was that the external connection 

between the Vss lead and ground hao opened at elevated temperature. With 

Vss open, the entire device current would flow to ground by forward biasing 

the input diodes of the grounded inputs. Experiments showed that the uevice 

current at elevated temperature was excessive with Vs^ open (due to a 

latch-up effect) and of sufficient magnitude to degrade the input dioues not 

protected by the series resistor (those connected directly to the input). 

•f- 
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490X S/N 8114 (250 HRS/2250C) 

FIGURE D62 - P-N JUNCTION (ARROW) OF THE DtGRADED 
PIN 7-TO-VSS INPUT DIODE 
(DELINEATED BY SILICON ETCH). 
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Continuity checks of the life test chassis disclosed instances of open Vss 

solder joints associated with the parts that contained a degraded pin 5, 6, 7 

or 15 input, which substantiated the hypothesis. 

9.3 IIH10R IIL1 FAILURE - CHANNELED INPUT DIODE 

During accelerated life and lot acceptance, 11 parts (4 lot A, 4 Lot B, 

and 3 Lot C) failed due to excessive K,,, (all inputs together) and 2 parts 

(1 Lot B and 1 Lot C) failed due to excessive I.,, (all inputs together) 

that were bake reversible. Troubleshooting established that each part failing 

Iju, contained one degraded input. One part contained a degraded pin 1, 

three contained a degraded pin 2, two contained a degraded pin 3, two contained 

a degraded pin 4, and one contained a degraded pin 9 (two parts had recovered 

while awaiting analysis). Of the parts failing ITLI. one contained a 

degraded pin 6, the other a degraded pin 7. The leakage was always channeled 

and ranged from 10 to 370 nanoamperes.  The leakage was traced to channeled 

input protection diodes between the input and Vss in the I,., failures and 

between the input and V™ In the 1,, failures. During life, pins 1, 2, 3, 

4 and 9 were connected to VDD which reverse biased the input-to-V^ 

diodes. Pins 5 and 6 were grounded which reverse biased the input-to-VDD 

diodes. Therefore the reversible degradation was attributed to charge separa- 

tion In the fringing field of the reverse biased junctions caused by the 

presence of ionic contamination in or on the passivation layers. 
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10.Ü 4008 FOUR BIT FULL ADDER - MANUFACATURER C 

10.1 Iss FAILURES - SURFACE INSTABILITY 

During accelerated life and lot acceptance, thirty-five (35) parts (26 

Lot A, 8 Lot B, and 1 Lot C) failed due to excessive Iss. Each part failed 

3 to 28 of the 28 specified Iss parametric tests. The 28 specified tests 

were of no use in troubleshooting or cateyoriziny these failures, Out the 

pattern of failure in each part did indicate that it would be possible to 

troubleshoot these failures to some extent if an appropriate method were 

developed. 

The 4008 contains four full adder stages (F.A. 1 through F.A. 4) and a 

high speed parallel carry-out circuit. By evaluating the leakage of each part 

on a curve tracer using the sequence shown in Table 017, the leakage could be 

isolated to a particular stage of the device and then narrowed down to a few 

suspect transistors when the device contained a single leaky transistor or 

contained one transistor with leakage appreciably greater than the leakage of 

any other transistor. Tests 1 through 2G were used to oeteniiine if the 

leakdye was located in one of the full adders. If the leakage was located in 

a full adder the suspect trdnsistor(s) could be determined oy evaluating the 

pattern of leakaje using the diagnostic matrix shown in Figure 003. The 

explanation of the üiagnostic matrix is similar to that for the 4Ü13 matrix 

discussed In section b.l. If a failure, originally detected in a full adder, 

did not match a pattern shown in the matrix or If no leakage were Detected in 

any full adder the high speed parallel carry circuit was investiyated. Tests 

27 through 4U were performed to determine the location of leakage in trie hiyh 

speed parallel carry circuit. 

The results of curve tracer üiagnostic tests of the 3b parts are shown in 

Table L)18. Seven parts had recovered while awaiting analysis and two parts 

contained multiple random leakages, all of similar value, which coulu not be 

deciptiered. The other 2b  parts exhibited ten types of failure indicating a 

variety of possible problems. To completely categorize these failures iiiost of 
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TABLE D17 INPUT LOGIC STATES FOR THE !„ DIAGNOSTIC TESTS 

INPUT LOGIC STATES 

^ !i ^3 h ^ !2 *! !i ^IN 

ST NO. POSSIBLE LEAKY TRANSISTORS OR STAGES 

1 0 0 0 0 0 0 0 0 0 
2 0 0 0 0 0 0 0 0 1 
3 0 0 0 0 0 0 0 0 
4 0 0 0 0 0 0 0 1 F, A. #1 
5 0 0 0 0 0 0 1 0 
6 0 0 0 0 0 0 1 1 
7 0 0 0 0 0 0 1 0 
8 0 0 0 0 0 0 1 1 
9 0 0 0 0 0 1 0 0 0 

10 0 0 0 0 0 1 1 0 
11 0 0 0 0 1 0 0 0 
12 0 0 0 0 1 0 1 0 F. A, #2 
13 0 0 0 0 1 1 0 0 
14 0 0 0 0 1 1 1 0 
15 0 0 0 1 0 0 0 0 0 
16 0 0 0 1 1 1 0 0 0 
17 0 0 0 0 0 0 0 0 
18 0 0 0 1 1 0 0 0 F. A. #3 
19 0 0 1 0 0 0 0 0 
20 0 0 1 1 1 0 0 0 
21 0 1 0 0 0 0 0 0 
22 0 1 1 0 0 0 0 0 
23 0 0 0 0 0 0 0 
24 0 1 0 0 0 0 0 F. A. 14 
25 1 0 0 0 0 0 0 
26 1 1 0 0 0 0 0 
27 0 0 1 0 1 1 0 N20 N?UN22+N?3+N24+N26+N27+N28 
28 0 0 1 0 1 0 0 N18 ^19tN?0+N?l+N?^N23+P24+P25+P26+P27 
29 0 0 1 1 1 1 1 fiZi, ►N26+N20+N?1«N??+N?3+P18»(P17+P19) 
30 0 0 1 1 0 0 0 N24 ►N26tN27.N29tP18+P20 
31 0 1 0 0 0 0 0 N24 tN30«N26+P18 
32 0 1 1 1 0 0 0 N24 ^3C«;W6tN29«N27)+P2C+P18 
33 1 0 0 0 0 0 0 N25 >P18 
34 0 0 1 0 0 0 0 F70 P25(n0iP?9*P28+N18 
35 0 0 0 0 1 0 0 P21 tP25iP,,0+P2CHP27«P2S»N18 
36 0 0 1 0 1 0 0 P?2 P25-»m»(r70tP?8) + N18 
37 0 0 0 1 0 1 0 0 P23 >f7bir2.'..(P30a'29<F?8)+N18 
38 0 0 0 0 0 1 0 1 P?i ^•rsciNmNis 
39 1 0 0 0 0 0 0 1 P?S ►p 501 P?O »P2 /»pre i i'.::«i';i tNi2+Ni7 
40 0 0 1 1 1 1 I 1 P21 P;SiP?3iN17vNl8 
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FIGURE D63.  Iss DIAGNOSTIC MATRIX FOR A FULL ADDER 
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TABLE D18 - RESULTS OF THE CURVE TRACER DIAGNOSTIC TESTS 

QUANl riTY OF PARTS 

POSSIBLE LEAKY TRANSISTORS LOCATION OF LEAKY TRANSISTORS LOT A LOT B LOT C 

N6, N7, N9. P8, OR P15 A. 
A. 
A. 

1 
2 
3 

1 
1 
1 

0 
0 
0 

0 
0 
0 

N14 A. 
A. 

2 
3 

0 
1 

1 
0 

0 
0 

Pll A. 1 0 1 0 

P9. P19 or Nil A. 1 5 0 0 

N3. N4, or P7 A. 4 2 0 0 

Nl or P3 A. 1 1 0 0 

P14 A. 2 1 0 0 

N20. N21, N22. or N23 PARALLEL CARRY 4 1 0 

N24 and/or N27 PARALLEL CARRY 3 1 0 

N17 PARALLEL CARRY 1 0 0 

P-WELL JUNCTION - 0 0 1 

MULTIPLE RANDOM - 2 0 0 

RECOVERED - J 
26 

4 

8 

0 

1 

t" 
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the parts would have to be individually probed and analyzed which was impracti- 

cal. Consequently only representative examples were analyzed in detail. All 

other parts were baked and recovered. Analysis of the representative samples 

disclosed that the most common cause of the high Is_ was excessive IDSS in 

an n-channel transistor that was "off during life test. Five of eight parts 

investigated contained this failure mode. For example, S/N A234 failed 14 of 

the 28 specified I— parametric tests (about 80 uA each) after 1000 hours at 

250oC. Curve tracer tests disclosed a leakage of 36 yA (partial recovery had 

ocurred) and external troubleshooting indicated that the leakage was caused by 

a leaky P9, P10, or Nil in F.A. 1. Die level probing of these transistors 

established that all of the leakage was confined to NU, the n-channel output 

transistor of F.A. 1. IDSS of Nil was channeled, as shown in Figure D64, 

and recovered when the part was baked. During life test NU was off (the 

output of F.A. 1 was high) which reverse biased the drain junction of NU. 

Therefore, the degradation was probably due to charge separation in the 

fringing field of the reverse biased junctions caused by ionic rontaminaton in 

or on the passivation. Of the other three parts investigated, one contained 

excessive 1^,- in an n-channel transistor that had been "on" during life 

test, one containd a degraded p-well junction, and one recovered upon delidding, 

10.2 Iss OR IIL1 FAILURES - PIN-HEADER SHORTS (Pb Precipitation) 

During accelerated life, 8 Lot A and 7 Lot B parts failed Iss, VQMO. 

IJU,, or I,, , due to high resistance shorts (kilohm to megohm) between 

pins or between a pin and the header (V<-r). A complete summary of the 

location of the short in each part and the resultant parametric failure is 

presented in Table D19. The shorts were traced to trails of Pb dendrite 

growth in the glass seal bridging between adjacent package leads or between a 

package lead and the header. This is the same mechanism that occurred in the 

Manufacturer A 4001 and 4017 and the Manufacturer C 4013 packages. 

10.3 IIH1 OR IIL1 FAILURE - CHANNELED INPUT DIODE 

Du ring 1250C life, one Lot A part failed I,. , (38 nA) and one Lot B 

part failed IjH. (29 nA) traced to a degraded input diode. The Lot A part 

contained a degraded pin 5 input-to-VDD diode (D3) and the Lot B part 
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^.;^.v.-*-.c..f-'>v^-';rt j^^-^-^ji;. 

FIGURE D64 -  1 DSS 

DRAIN-SOURCE 
I-V CHARACTERISTIC OF Nil. 

S/N A234 (1000 HRS/250oC) 

D 

VR = 2 VOLTS/DIV S/N A294  (4000 HRS/!250C) 

FjGURE D65 - REVERSE  I-V CHARACTERISTIC OF THE 
Pirj 5 ^PüT-T0-VDD DIODE  (D3). 
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TABLE D19 - SUMMARY OF FAILURE DUE TO PIN-HEADER SHORTS 

TIME OF 
CELL S/N FAILURE 

A-250oC     A163 500 HRS 

A-225,C A71 

A73 

A141 

20 00 

A81 ' ' 

A63 4000 
i 

A83 

A142 i ' 

B-ZWC  B211    250 

B-2250C  B103    4000 

FAILED 
PARAMLTER(S) 

'ILI 

LOCATION OF SHORT 

'ILI 

'III 

'ILI 

PIN 5 TO HEADER 

PIN 15 TO HEADER 

PIN 15 

PIN 5 

PIN 5 

PIN 15 

PIN 5 

PIN 6   1 

PIN 15 TO HEADER 

PIN 15 TO HEADER 

B-250'C B171 4000 'SS * 'iHl 

B151 iss. ijH1. » v0H2 

B-225CC Bb3 1000 
'SS * 'iHl 

B93 2000 'sS 5 V0H2 

B34 4000 'SS' VÜH<;* 'iHl * 'iLl 

PIN 7 TO HEADER 

PINS 13 S 15 TO PIN 14 

PIN 7 TO HEADER 

PiNS 13 S 15 10 PIN 14 
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contained a degraded pin 9 1nput-to-Vss diode (D18). in each Instance the 

leakage was channeled, as Illustrated In Figure 065, and bake recoverable. 

During life testing, pin 5 was grounded which reverse biased 03, and pin 9 was 

connected to V0D which reverse biased 018. Therefore, the degradation was 

attributed to charge separation in the fringing field of the reverse biased 

junction caused by ionic contamination in or on the passivation layers. 
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MAi^UFACTURER CODFS 

Manufacturer      Code 

Motorola A 

Solid State Scientific    B 

National C 

RCA D 
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