
-

¶ 1 AD—A066 911 lIT RESEARCH INST CHICAGO ILL F/S 9/2
L5I/MICROPROCESSOR RELIABILITY PREDICTION MODEL DEVELOPMENT. (U)
MAR 79 H C R I C KERS F3O602—77— C—0223

UNCLASSIFIED RADC TR Y9—97 NL

• I

I I



_ _ _ _ _ _ _ _ _ _ _ _ _ _  

__ 

~~~

I ~~
EL
~ k!~~~—

Rfr~DC~ 79.911 
_____

~~~ 
1c~~1~s9ort ~~~~~~~~~ 

I

LS1/NlCROPW)CES~* RELIABILITY PREDICTION MODEL DE~ELOPNENT

!V1~I/Rettóbi1tty Analysi s ‘Center

H ,C. Rtckers

I k

[~APPIIOVID Pot PUSUC UIIASL OI$TI~~fl1ON UNuMfl~~j

r
II -~~~~~~~I~ ( D D C

~~~~~ 

ROMI AIR DEVRLOP~~ 4T CINIIR
sr Por~ I~*t.ms Command

~rIff1ss Air Parc. las., Now York 13441

~~~~~79 u5 21 017



- :

~
~ ;c~~~~~~~~4 -

Th~s repo ham been reviewed by th. RADC tnforüttan Off ice (01) sad is
releas bj e to the Iaticlj~~. Technical Information Ser9ic. (ITIS) . At NTIS it
Vt b~ó releeernbls to -the general public, including fór~4gn nations.

~~~~~~ ..79....97 ~~~_been rmvieved and i• approu’ed for publication.

I, - . 
_ _ _

~~~~~~~~~~~~~~~~ 7
’94i~i?~’

PETER F. MAI4NO V

Proj ect Euginier

APPROVED:

Chiefs Relisbility & Co~~atibi1ity Division 
V

FOR ~Øg ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
V ~~~ P RUSS

Acting Chief , Plans Office

: ;~~
If your address baa changed or if you wish to be removed f roe the RAI~~ mailing V

list, or if the address ee ii no longer employed by your organizetion,~~ lease
notify RADC (R3IM) , Griff in. API $! 13441. This will assi*t us in maintaining
a current mailing list. 

V

D~ not return this copy. Reta in or destroy .
;~
‘ ‘4

FFV~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V V

~-~~~~~~~—-- ~ ~~~~~ 
— ~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



V — VW ~~~ _~ .V~~~~~
V r. ~~ V*_ ~VV ~ — — ~VV_~_ V_~, V~V~~ f _ V — 

~~~~~ ~~~ ~~~~~~ ‘~~~~ :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_ _ _ _

III— T
V V V

VP 

~~~~~~~~~~

. 4. _

M~SSJON 
_ _

Rome Atr Development Center V~• 
-~~

Q~~~ p tam and *xecu4~ 4e4ewtch, deveLopment, teo.t and Vse2ec.ted aequi6 LtLoi, pwg.tam6 L* 44fpp o.tt o~ Cosmand, Cont ’toL
CoimuwiLea.t~on~ and In. te. Wgence (C’!) LvLtLu. Teah*ij ~aL
and .ng Lnte.ah,g ~upp on.t wt.thi.n ateao o~ .teclu,Lc.aL eof lip etestce
Lo pto vLded .to ESP Pkogt~m OU4te6 ( P 04) and o~tk,jt ESV
etu~e*t&. The pitA.ncipaL teithn’ .~ mLu~on an.ta~ ate V V

coMwzJ,Lca Uôn4, eLec.ttoisagne.Uc guJdane.e and cont ’iot, &~~~~-veLUance o~ g~~~~u(. and wo~p a~e obj ee26, 4nte.tUgeiiee da~~ V

a; cot4e.tLon and handUng , Ln~oumtLon 6y6 ttm teciutoZogy,
~~~~~~~~~ p topaga.tL on, hoPJ .d 4 ta.tt 4c Lenaeo, m4e.kOs*we

• 
eZec~ttoii~c itet~a&L~tq, maLnto~nabJ ~ty and

- .

•~~ N’

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

, . :~~~~~

IC -
- -

H 
_ _

~~ 
~4V~~~~

Ni_ •1~ I ‘ -‘ -‘-
— —..L ~~~~~~~~~~~~~~~~~~~ ~~~~~ V 

‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ J
V~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ 

- 
~~ ‘ ~~~~~ ~~~. V -~ V~~~~~ V - — ~~~~ V V1,,~~~



_ _ _ _  
V - 

V ______________________•V VV

U T.A~VSTPTRT ~
SECURITY CLASS IFICATION OF THIS PAGE (Wh.n D.C. EnI.r.d)

REPORT DOCUMENTAT ION PAG E BEFORE COMPLETING FORM
~~~~~~ ~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ 

t..710N No. S. RECIPIENT S CATALOG NUMBER

I t~~~~~ ~ ..kIIIl.I 5. TYPE OF REPORT & PERIOD COVERED

to ~~~ /~~ CROPROCESSOR RELIABILITY PREDICTION MODEL 7 Final Technical Report
D!VEThPMENT~ 

— 
~~ / March 1979

L •- PERFORMING ORG. REPORT NUMBER
V 

October 1977 — November 1978
7. A THOR(.) S. CONTRACT OR GRANT NUMBER(a)

~~~~~~
H
~~~~~

icker
~~L 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 9. PERFORMING ORGAN IZATION NAME AND ADDRESS 10. PROGRA M ELEMENT . PROJEC T , TASK
AREA S UNIT NUMB ERS

IITRI/Reliabi].ity Analysis Center
Griff iss AFB NY 13441 f l,  ~.Z~~2F ~ ‘-i /

(,~~~~~~~ ~~~~~1O5 ~~
‘ 

.

II. CONTROL L ING OFFICE NAME AND ADDRESS “ ~~~~~~~~ ~~~~~~~
V Rome Air Development Center (RBRN) ( 

~~ 
!4ar~~ .—J~979 (

• Griffiss AFB NY 13441 ,
‘—~~~ ~~

_____________________________________________________ 98 
V

14. MONITORING AGENCY NAME S ADORESS(II dlIlar.nt Item ConirolIln~ 011Cc.) 5V SECUR ITY CLASS. (of thia r.port)

Same (7 Y i~ex~ ~, /  UNCLASSIFIED

‘—L— / f 15.. DECLASSIF ICAT ION/DOWN GRAO I NG

N/A SCHEDULE

15. DISTRIBUTION STATEMENT (of t hIa R.port)

V Approved for public release; distribution unlimited
* 

a

I

V 17. DISTRIB UTION STATEMENT (of th. ab.t,a.~t .nt.r.d in VVV ,

Same Final technical rept 5 Oct 77-Nov 78,

15. SUPPLEMENTARY NOTES
RADC Project Engineer:
Peter F. Nanno (RVBR }f) 

_____ 
‘~~~~~. -I

t ¶9 KEY WORDS (Conlfnu. on rev.,.. aid. II n.c...ary and Só.ntlly by block numb.r)
- reliability read only memory

prediction programmable read only memory
modeling large scale integration (LSI)

i -  microprocessor random logic LSI
random access memory

20. A • ST RACT (Continua on -av~,a• aid. if n.c.aa.ry and gd.,Isifr by block numb.r) 
V

“V ~> This report presents updated reliability prediction models for LSI, micro—

* 

- ‘  processor and memory devices for inclusion in MIL—HDBK—217B, ~
IReliabil ity

I Prediction of Electronic Equipment.~ 
V

The models proposed in this study possess all those qualities common to

V 
practical reliability assessment techniques. The expressions are relatively V

simple and allow for consideration of evolving fabrication techniques , or
emerging technologies, through the modif ication of temperature dependency and ~~

- -
~~~~

~~~ 
FORtS i i-,, f LI

W I J A N  ~ UNCLASSIFIED ‘9
SECURI TY CLASSIF ICATION OF THIS PAGE (Wh•n Data £nta rad)

‘ - -

~~~

-V— — —— —-

~~~~~~~

- V

~~

-
-

~~~~~~

h.L. . 
—

~~~~~ ~~~~~~~~~~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~ - - -



_ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _  

-~~
_--—

~~~~ 
V 

~~~~~~~~~~~ _ .~~~~~~~~~~~~~~~~~~~~~~~~
V
~~~~~~~~ o WV  -

UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE(IThan Data Ent.r.d) V

~mssociated temperature 
factors. The factors exhibit the appr~~,riate discrimina—

V tions against the device design and usage attributes which contribute to known
failure mechanisms. Additionally, each of the models demonstrate reasonable

accuracy over the total range of parameters considered in these techniques. 
V

C

‘1

I

a

V I

I

V 
UNCLASSIFIED

• 
•
~~~ SECURITY CLASSIFICATION OF THIS PAGE(WII.n Data Ent~,.d)

‘
~~ 
,t.• - .~~~-~~~~ - ~ ~••~‘d. ~~~~ ~~~~~~~ ~~~, - • — _ _ _ _ _ _ _ _ _ _ _ _ _ _



PREFACE

This final report was prepared byj:IT Research Inst itute,_Chicago , Ii.• for the Rome Air Development Center, Griff iss APB, New York, under Contract
F30602—77—C—0223. The RADC technical monitor for this program was Mr. Peter
F. Mannc. (RBRM). This report covers the work performed from October 1977 to

“ November 1.978.

The principal investigator for this project was Mr. H. C. Rickers with
valuable assistance provided by Mr. T. E. Turner, Mr. D. B. Nicholls, Mr. S. J.( Flint, Mrs. C. A. Proctor, Mr. S. Kus and Dr. F. C. Bock. Data collection ef—

• forts for this program were coordinated by Mr. M. R. Klein, assisted by Mr.
I. L. Krulac.

0 V

V , JSTIfIURI U............... -.— 

_____ ~~ V V V V V V V • V

$l$ThIlflSu/ff*LJ*flY ISIS

u t  Lull. saVe

L hi
: V ~~~~

H1~ V V

C 
- _______ _________________________________ - -

I ~~ 
- 

~~~~~~ 
.
~~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— —
~ 

--—-
~ -—~~~~~~~~~~~~~~

- 
.



-~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘~~•~~~~ ‘. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •_ — ‘~~~ ‘ ‘

H •
—

~~~~~~~~~~~~~~~

TABLE OF CONTENTS

Page

SECTION 1: INTRODUCTION 1

~

• 1t ~ 1.1 Purpose 1
1.2 Background 1

SECTION 2: DATA COLLECTION
2.1 Literature Review 3
2.2 Data Survey 3

SECTION 3: DATA ANALYSIS AND STATISTICAL MODELING TECHNIQUES 7
3.1 Data Analysis 7
3.2 Statistical Modeling Techniques 8
3.3 General Modeling Procedure 10

SECTION 4: PREDICTION MODEL DEVELOPMENT 13 V

V 

4.1 General Modeling Concepts 13 V
~~V V 4.2 Temperature Factors 19

4.3 Device Complexity Factors 23
4.4 Quality Factors 26 p

4.5 Package Factors 27
4.6 Application Environment Factors 29

V 4.7 Software/Firmware and Application Considerations 29

I -SECTION 5: PROPOSED MEMORY AND LSI MODELS 33

V SECTION 6: EVALUATION OF PROPOSED MODELS 57

SECTION 7: CON CLUSI0N~ AND RECOMMENDATIONS 73

APPEND IX 1: PROPOSED MODEL SAMPLE CALCULATIONS 75

• APPENDIX 2: PROPOSED SSI/MSI DIGITAL AND LINEAR MODELS

APPENDIX 3: COMPLEXITY VALUE TABLES FOR MIL—M-38510 DEVICE TYPES 87 ~ •:

BIBLIOGRAPHY 97

I

L 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

14



V

:J: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —

~~~~~~~~~~~~~~~ ~~~~~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-
~~~~

•
V
~~t 

I 
I

LIST OF FIGURES
- 

Page

Figure 1: Prediction Model Approach Methodology 12

Figure 2: LSI Microcircuit Reliability Considerations 18

V V Figure 3: Bipolar RAN and Shif t Register Observed Failure
I Rates vs. NIL—HDBK—217B Predicted Failure Rates 62 

V

Figure 4: Bipolar RAM and Shif t Register Observed Failure
V Rates vs. Proposed Model Predicted Failure Rates 63 

V

• Figure 5: MOS Dynamic RAN and Shift Register Observed Failure
Rates vs. MIL—HDBK—217B Predicted Failure Rates 64 

V

Figure 6: MOS Dynamic RAN and Shif t Register Observed Failure V
Rates vs. Proposed Model Predicted Failure Rates 65

Figure 7: MOS Static RAN and Shif t Register Observed Failure
Rates vs. MLL—HDBK—217B Predicted Failure Rates 66 V

Figure 8: MOS Static RAN and Shift Register Observed Failure
Rates vs. Proposed Model Predicted Failure Rates 67

Figure 9: ROM and PROM Observed Failure Rates vs. MIL—HDBK—2l73

• 
4. Predicted Failure Rates 68

Figure 10: ROM and PROM Observed Failure Rates vs. Proposed Model
Predicted Failure Rates 69

Figure 11: Random Logic LSI Device Observed Failure Rates vs.
MIL—HDBK—2l7B Predicted Failure Rates 70

Figure 12: Random Logic LSI Device Observed Failure Rates vs.
Proposed Model Predicted Failures Rates 71

_ _ _ _ _ _ _  

_ _ _  

vii 

_ _ _ _  __  

I

_ _ _ _ _ _ _ _  

I
1 ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V , VV— V V. . ’.V _•VV

~~~
_ V V V V 

~~~~~.m ~~~~~~~~~~~~~ ~~~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V ___



—-~~~~~V ~~ V~~~~~~~~ . •~~~~~~ .~~~ •‘. . . ‘
~~~~~~ T ‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ——~~~~~
-_ ~~~~~~~~~~~~~~~ 

-

V LIST OF TABLES

Page

Table 1: Summary of Operating Data by Device Type 5

Table 2: Normalized Distributions of Experienced Technology—
Related )

~-. functions for Bipolar Devices in Hermetic
Packages no

Table 3: Normalized Distributions of Experienced Technology— V

Related Malfunctions for Bipolar Devices in Nonhermetic
Packages 20

.Table 4: Normalized Distributions of Experienced Technology— V

Related Malfunctions for MOS Devices in Hermetic
Packages 21

Table 5: Normalized Distributions of Experienced Technology—
Related Malfunctions for NOS Devices in Nonhermetic
Packages V 21.

Table 6: Normalized Distributions of Experienced Package—Related
Malfunctions for Various Package Categories 28

Table 7: Bipolar RAM and Shift Register Data 59

Table 8: MOS Dynamic RAN and Shift Register Data 59

Table 9: MOS Static RAN and Shif t Register Data 60

Table 10: RON and PROM Data -60

• Table 11: Random Logic LSI Data 61

V

~~~~~~

1

F ~ 

~~~~~~ ~~



r ________ — ~V~V_~~~~$V_7V ..,a_ — —‘ . a —  —

_ _  
~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ - - • • •  V

V ~~~~~~~~~ -- ‘ 
V

~VALUATION

The objective of this effort  was to evaluate and update the monolithic
failure rate prediction models in MIL—HDBK—217B, “Reliability Prediction of
Electronic Equipment.” Major emphasis was placed on microprocessors and
complex memory devices.

As a result of this program, models were developed which retained the
same general form and theory of the existing models. The base failure rate
still consists of a temperature dependent device failure rate contribution
and a mechanical device failure rate contribution. The modifying factors ,
such as for temperature and environment , only apply to their appropriate
portion . The following are some of the major changes or additions:

a. A voltage derating stress factor has been added .

b. The contribution to the failure rate for package related defects
is now based on package type as well as the number of pins. The package

V complexity failure rate (C3) is added to the mechanical device failure rate
contribution (C2). Flat pack factors may be applied to carrier packages for
which unique C3 values have not yet been determined.

C. The temperature acceleration factor is a function of the impact
of temperature on the failure rate for particular technology and values are
presented for 11 technologies over a range of temperatures.

• d. A ROM and PROM programming technique factor has been added to
account for small differences observed in the available data depending on
how the devices were programmed.

e. A method for estimating junction temperatures has been included.
V Typical temperatures for the various environments along with some typical

values of junction—to—case thermal resistances are provided. Again, flat
pack factors may be used for carrier packages.

The learning factor , which is present in the existing MIL—HDBK-2l7C model,
is not treated in this report since the data analyzed was predominantly on
mature devices and did not permit quantitative evaluation. Thio factor will
have to be assessed prior to inclusion of the new model in MIL—HDBK—2l7C.

The quality factor for plastic encaps~jlated devices is now 35 which, atr first glance, appears to be considerably more tolerant than in the existing
models. However, the effect of plastic encapsulation is now also reflected

V in the base failure rate by the temperature acceleration factor and the
junction—to—cage thermal resistance. The data in this study was limited in
both the scope of applications reflected and the operating duration, although
a large number of device hours of data was available. The majority of the
plastic data came from either limited—duration, ground benign applications
with carefully controlled environments or from accelerated tests at higher V

• temperatures where the effects of moisture were masked or reduced. Therefore, V

it was impossible to assess failure rate versus time for moisture related

• 
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Section 1

INTRODUCTION

1.1 Purpose

‘
V The purpose of this study was to develop the failure rate prediction

methodology which can be employed in the reliability assessment of complex and
new technology microcircuits with ~he najor emphasis placed upon memories,
microprocessors and their support devices. The study involved an evaluation
of the current failure rate prediction models as presented in MIL—HDBK—2l7B,
the identification of those factors most closely correlated with complex
microcircuit reliability, and the development of new prediction models which V

afford reasonably accurate estimates of device reliability .

1.2 Background V

The failure rate and mean time between failure (MTBF) prediction capa-
bilities are essential In the development and maintenance of reliable elec—

V tronic equipments. Predictions performed during the design phase yield early
estimates of the anticipated equipment reliability which provide a quanti-
tative basis for performing design trade—off analyses, reliability growth
monitoring, and life cycle cost studies. Current microcircuit reliability
prediction techniques, such as those presented in MIL—HDBK—217B, afford reason—
ably accurate predictions for a variety of device technologies over the
low—and—medium—complexity range. However, the rapid evolution of microcircuit
technologies has introduced complex device configurations which are beyond the
intended scope of present methods. The extensive use of these complex and new
technology devices in both military and commercial electronic systems, com-
bined with the importance of an early estimate of expected reliability, has
created an urgent need for a relatively simple but accurate method of pre—

V dicting their reliability.

Several prediction models addressing complex devices have been proposed
in the past several years. Most of these methods are based on transfer tech—
niques which attempt to extend the model variables and factors for simple
devices to complex device models. Other models have been based on the physical V

attributes and characteristics of the circuit elements and require detailed
knowledge of the device design parameters. However, none of these proposed
models addresses the entire spectrum of technologies or device configurations,
or adequately reflects the introduction of new processes , device configura—
tions or technology evolution.

The complex microcircuit failure rate prediction methodology should
afford the optimal consideration of those qualities common to practical reli—
ability assessment techniques including :

a relatively uncomplicated approach which is easy o use and does not
require intimate knowledge of device characteristics beyond readily
available information;
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the appropriate discrimination against device design and usage attrib—
utes which contribute to known failure mechanisms;

a dynamic, flexible expression, which, through simple modification, V

allows for the evaluation of newly emerging technology devices; 
, V

reasonable accuracy over the total range of all parameters considered
in the technique.

This report describes the approach , results and conclusions of the study
and includes the propoded complex microcircuit reliability prediction models
to update Sections 2. 1.3 and 2. 1.4 of MIL—HDBK—2 17B. ~‘ 
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Section 2

DATA COLLECTION

V The validity of failure ra te prediction models can only be assessed
TV through a comparison of predictions and actual reliability experiences. Like—

V wise , the modification of current prediction models or the developmen t of new
prediction techniques should be based upon reliability data. These types of
modeling activities require extensive reliability data resources since models
derived from limited data will reflect the characteristics of only that infor-
mation.

V 
Since the lIT Research Institute/Reliability Analysis Center (RAC)

re~ularly pursues the collectior of microcircuit device reliability data as V

V V part of its normal data solicitation activities, substantial data resources
had already been accumulated for LSI devices prior to the beginning of this
study. The requirement for vast quantities of reliability data for model
development necessitated the initiation of a data collection effort to supple—

V 

ment the existing information. This data collection effort included a litera-
ture search for published information in journals, technical reports, hand—

• books , etc., and a survey of commercial , industrial and government organiza—
tions for complex microcircuit reliability data.

V 2.1 Literature Review

A comprehensive literature review was performed to identify all published
information which is relevant to the reliability of complex microcircuits.
Literature sources searched in addition to the RAC automated library informa—

• tion retrieval system include the National Technical Information Service (NTIS),
the Defense Documentation Center (DDC) , and the Government Industry Data Ex-
change Program (GIDEP).

The emphasis in the literature review was directed toward the identifica—
tion of references dealing specifically with complex microcircuit reliability V

characteristics and prediction. Reliability prediction references were exam—
m ed to determine the deficiencies of current prediction methods and to evalu—
ate the merit of proposed prediction model revisions. Other reports were ex—
tremely useful in providing supplemental information, particularly in the
areas of component cOnstruction, testing, and failure mode and mechanisms.

2.2 Data Survey V

An extensive reliability data collection effort was required to provide
the additional data resources for the model development activities. Numerous
potential data sources were identif ied by the results of a RAC Microprocessor

V Reliability Survey which was conducted in the winter of 1977. The survey pre—
sented a series of questions designed to determine the extent to which micro—

• processors and complex microcircuits were being employed in new equipment
designs and the experiences which had been accumulated with these devices.
The survey forms were sent to over 3,000 coiiunercial, industrial and government

• 3
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V organizations. Over 225 of the survey respondents indicated that they were
utilizing complex microcircuits in equipment designs. Each of these organiza-
tions was contacted to acquire its complex microcircuit reliability experiences.
Discussions with individuals within these organizations resulted in references
to other potential data sources. A letter was also circulated by Mr. D.F.
Barber , Chief , Reliability Branch , Reliability and Compatibility Division,
Rome Air Development Center, to a group of large—volume complex microcircuit
users, indicating the importance of this program and requesting their partici—

• pation. Additional requests were forwarded to all complex microcircuit manu-
facturers to obtain device construction and test information. In total, slight-
ly over 300 organizations were contacted in the data collection effort .

Approximately 20% of the organizations contacted during the data collec-
tion effort submitted information to RAC. A primary concern of the majority
of contributors was the proprietary nature of the information and the desire
to remain anonymous . For this reason , none of the data contributors in this V

study will be identified.

The types of information collected include life test, accelerated life
test, screening, burn—in, reliability demonstration, f ield experience, device
characterization and device malfunction data. These data encompass all LSI
microcircuits including RAMs, ROMs, PROMs , EPROMs, shift registers, random
logic LSI, microprocessors and their peripherals.

The collected data and related documentation were reviewed for complete—
V ness and detail. Only the data presenting adequate descriptions of the major

concerns including device constructional features, screening procedure em-
ployed, application stresses and test or operating conditions were considered
in this study.

While the scope of this study was limited to the development of predic—
• tion models for LSI Digital and Memory devices , to avoid any discrepancies

V which might possibly have resulted from the differences in prediction model
formats of the existing SSI/MSI Digital, Linear device equations and the new-
ly proposed equations , RAC extended the proposed model formats to consider
all microcircuit devices. The appropriate model parameters for SSI/MSI Digi-
tal and Linear devices were developed utilizing the existing data resources
in the RVAC automated data file system. The proposed models for these device

V families and evaluations of these proposed models are presented in Appendix 2.
V V 1 ~ •

A summary of the operational part hours employed in this study is pre— V

sented by device type, technology, package type. and data source in Table 1.
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TABLE 1: SUMMARY OF OPERATIONA L DATA BY DEVICE TYP E
( In  Millions of Device Hours )

T V 

VENDOR USER V

Device Technology 
V _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

Type Plastic Hermetic Plastic Hermetic

Bipolar 13 51 97 1678 V

V RAM and Shift 
_ _ _ _ _ _ _ _ _ _Register

V 

~~~ MOS 17 66 238 3287

Bipolar 8 39 , 889 205
ROM and PROM 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

MOS 2 • 21 241 44
I

Bipolar  1 3 324 82
Digi ta l MSI/LSI 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _(< 50 Gates )
MOS 2 7 663 11f3

Bipolar  -- -- 3813 316
Digi ta l  MSI 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _

(12-50 Gates ) , 
V

MOS -- -- 277 13

Bipolar  -- -- 6464 554
Digita l SSI
(1- 12 Gates) •

MOS -- -- 321 22

Linear 22 71 972 10277
_ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _

V 
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Section 3

V DATA ANALYSIS AND STATISTICAL MODELING TECHNIQUES

The development of a viable prediction methodology for complex nticrocir—
‘

V 
cuits involves identifying and quantifying all significant reliability para—
meters and factors from an in—depth evaluation and analysis of accumulated

V reliability experience data and information. This section outlines the ap—
proaches, conventions, and assumptions utilized in the data analysis and the
techniques employed in the prediction model development.

V ~~ V 
3.1 Data Analysis

All, data items received during the data collection efforts were reviewed
for completeness of detail and examined for any inherent biases. Any data

V 
submittal which displayed obvious biases was not considered in this study.
Those reports lacking sufficient detail were not considered until the neces-
sary additional information was acquired.

A prerequisite to the data summarization was the identification of all of
V the parameters and factors which would influence component reliability. The

RAC automated reliability data system is presently organized according toa
set of detailed descr iptors which characterize both device attributes and test
or operating conditions. These descriptors formed the basis for potential
data summarization parameters. Additional factors were identified to comple-
ment the existing set through a review of periodic literature dealing with
complex microcircuit reliability and alternative reliability prediction tech—
niques. The descriptor complement which was selected allowed for the maximum
number of variables to be quantified so that the analysis procedures can iden—
tify those which are truly significant.

Each of the data submittals was summar ized by recording the appropriate
value of each of the descriptor parameters. These summarized data records
were then entered into a computer file for subsequent analysis.

Failure Rate Calculation. The dependent variable in each of the data
records is the device failure rate which is the parameter calculated in reli—

V ability predictions. Failure rates are typically expressed as the number of
V failures per unit time (usually per 106 hours) or as percentage fa ilures per

unit time (usually l0~ hours). The failure rate, expressed in failures/l06
hours , is calculated by dividing the total number of failures by the total
millions of device hours. This single factor, referred to as the point esti—
mate failure rate, does not completely characterize the reliability of a V

given device population.

V In this study, point estimate and the 60% Chi—square confidence interval
failure rates were calculated for each of the data records. The Chi—square

V 
• statistic is used to identify a confidence interval around the point estimate V

failure rate. The 60% confidence interval is comprised of the lower—20% con—
fidence and upper—80% confidence level points. A 60% confidence interval is

V tha t range of values around the estimate tha t would , with a 60% probability,
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include the actual mean of an inf inite sample of the device tested . These
failure values are calculated as follows :

2
Lower—20% confidence point — 

X (c~ — 1, 2r)
2T

Point estimate

2
Upper—80% confideice point = 

X (c&, 2r + 2)
2T

where: a

V 
r is the number of degrees of freedom equal to the number of fa ilures

T is the total number of device hours (in millions of hours)

x2 (oi) is the Chi—square value for the particular confidence level based
on the number of degrees of freedom (determined from CM—square
Tables).

V The use of the 60% conf idence interval and point estimate failure rates
provides a convenient method for weighting the various data records during
model development analysis. The significance of the data record increases as
the confidence interval points approach the point estimate value. In the
model development analysis these points would appear as three records with
identical parameter values exhibiting similar failure rates, as opposed to
three records with identical parameter values exhibiting divergent failure
rates . Only the upper—80% confidence level failure rate was calculated for
those data records with zero failures .

3.2 Statistical Modeling, Techniques

In order to identify and evaluate the relationships between the 4arious
V reliability considera tions which are def ined by the data, various statistical

analysis techniques were employed. The techniqueè which were applicable to ‘

V

• the derivation of the reliability prediction model are briefly reviewed in the 
V V !

following paragraphs.

Stepwise Multiple Linear Regression Analysis. The stepwise multiple
V 

linear regression analysis routine assumes a preliminary model of the form:

Y1= b  + b X  + b X  + ...b X 
V

o 11 2 2  i i

where Y’is the resultant dependent variable; X1, X2...Xj are the independent 
V

variables which are thought to influence the value of Y’; and b1, b2...bi are
the coefficients which will be found by the regression.

8
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I To perform a regression , a number of data points, each consisting of a VV known Y and its correspond ing X variables , are required. A proper regression
also requires that the X variables be nearly independent and that there are
many more data points than X variables.

The regression technique first computes a correlation matrix comparing
all the X variables to one another as well as to the observed Y. This matrix
serves ~o identify any nonindependent X variables (except those which are a

• ~ V function of two or more other X variables) and also computes the relative
V correlation of the Y variable to each of the X variables.

The analysis orders the X variables according to their relative correla-
tion with the Y variable. Considering the first X variable and the Y variable,4 , b~ and b1 are computed such that the sum of the squares of (Y—Y’) will be a
minimum. The second X variable is then considered in the computation of

V 
b1 and b2 such that the sum of the squares of (Y—Y’) will again be minimum.

-~~~ If the improvement in the estimate afforded by the inclusion of this
V 

second variable is significant with respect to a given confidence level, the
• variable is accepted as part of the model and the regression continues by con-

sidering a third variable.

If considering the second variable does not result in a significant im-
provement, the model remains:

Y = b  + b XV 

• 0 11
V Whenever a new var iable is included in the f itted model, all previously

included variables are retested for significance , given that the new variable
is in the model. 4

The regression continues until all of the significant X variables have V

been identif ied and their corresponding b coefficients have been calculated.

Several measures of the “goodness of fit” of the model to the observed
da ta are generally available for a regression model . A review of the more V

important of these measures is presented below.

R2 — Multiple Correlation Coefficient. This is probably the single most

t useful “goodness of fit” measure. The R2 value is the ratio of the sum of the
squares of the variance explained by the regression to the sum of the squares
of the variance in the observed data. An RZ value of 100% is the ideal re— •

sult.

H1f _  

V

I 

Draper and H. Smith, Applied Regression Analysis (John Wiley & Sons, Inc.,
1966.)
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Critical F. The critical F is the value from the F table corresponding V
V to the degrees of freedom of the model and the difference between the number

of data points and the number of b coefficients. This number may be used to
test the significance of each variable as it is considered for addition to or
deletion from the model. The calculated F value for a regression is the quo—
tient of the mean square due to residual variation. If the calculated F value
is greater than the critical F value at the given significance level, it can
be said that the last variable does not equal zero with a conf idence of 1 — a ,
where a is the level of significance.

Estimated Standard Error of bi. The estimated standard error of each bi
is the square root of the estimate variance. This value may be used to estab— V

lish confidence intervals around the respective b
i
’s.

Standard Error of Estimate(~~ The standard error of estimate is the V

square root of the residual mean square (the estimate of the variance about
V the regression). A small S value indicates a good fit , providing there are

few repeats and many degrees of freedom for the error remaining.

Residuals. A residual is the difference between the observed and calcu—
lated Y values for each data point (Yj—Y?). The residual may be plotted vs.
one of the variables in order to evaluate patterns or trends. This may lead V

to the identification of new variables or transformations of current variables.

Fisher “F” Test. The complexities associated with the characteristics
of microcircuits make it impractical to consider every possible variable when 

V

attempt ing to model the reliability of a device. As a result, the variables
to be included are constrained to those which will have the most significant
impact upon the reliability . The F—test technique can be employed to deter-
mine if any significant variables have been neglected . This may be accom-
plished by segregating the data resources into groups with the same set of

V 

significant variables. Applying the F—test to each of these groups will deter-
mine if there is suff icient statistical evidence to conclude that a data point,
or a set of data points, come from a pcpulation with a mean which is not the
same as the rest of the data. While a few outliers may be expected , an addi—

V tional variable should be sought if a large percentage of any group is found
to be divergent.

Curve Fit Analysis Technique. A series of curve fit programs are avail— V

able for establishing the mathematical relationship between dependent and in-
dependent variable pairs in a given data set. These techniques provide a V 

V

least squares curve fit of the data points to various types of expressions,
including linear, exponential , power , and hyperbolic functions. The output of
these programs express the dependent variable (Y) in terms of the independent 4
variable (X) and two coefficients (A,B). In addition to the values of the c~—eff icients A and B, the output provides an index of determination for each V

function which represents the “goodness—of—fit” of the expression to the data
V points.

3.3 General Modeling Procedure

The approach utilized in the development of the model format combined the
relationships , as suggested by the data analyses and the literature, with the 4

10
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statistical analysis techniques and data resources. The basic methodology em—
ployed in the model development is illustrated in a simplified form in Figure V

V 1. The techniques represented in Figure 1 can be briefly explained as follows:

Identify Possible Variables. As previously indicated , the variables con—
sidered in the analysis were identified during the data collection activities
based upon the parameters suggested by the RAC data system and the literature.

V 

Data Quality Control and Confidence Evaluation. The data quality control
was established in the data collection activities. Only unbiased data which

‘V - identified all variables of concern in this study program were considered.
The confidence for each data point was evaluated using Chi—square techniques.
These confidence intervals were employed as figure of merit when evaluating
each data point’s impact during the subsequent statistical analyses.

• Correlation Analysis. To perform a proper regression analysis, all of
the selected variables must have a low interdependence. The regression pro—

• gram employed in this study offered a correlation coefficient matrix as a pre—
liminary option in the regression. This matrix indicated the degree to which
each variable was related to the others. Those variable pairs which exhibited
high correlation coefficients were reviewed to either combine the variables
or eliminate one of the variables from the regression. The coefficients of
each variable with the failure rate variable suggested which parameters had
the greatest impact upon reliability .

Stepwise Multiple Regression Analysis. This technique has been described 
V

in Section 3.2. The objective is to compute the coefficients of the assumed
form of the model in a least squares fit to the data employing only those van —
ables which are significant to a given confidence level. The limitation of
the technicue is the presumption of the model form. The regression does not V

suggest the optimal form of the model but rather computes the coefficients for
the standard additiv V form. Multiplicative or other model forms can only be
achieved by transforming variables in the regression.

“Good Fit” Tests. The “goodness—of—fit” techniques including residual V

V 
• analysis, standard error, R2 and F—test were employed to determine if the

models were realistic with respect to the data. These tests identified the
V need for additional variables and suggested which of the variables should be

transformed to result in better model f i t  to the data.

Model Validation. The validation process consisted of tests at extreme
and nominal parameter values. Predictions were made using the models for
values of the parameters which are beyond the ranges found in the data.

V 
‘ While there were not any data for comparison with the predictions, they were

V used to reveal any combination of values for which the prediction “blew up”
or predicted a failure rate which was theoretically inconsistent or intuitively
wrong . Predictions were also made for a set of data, not employed in the
model development , to determine if the models accurately reflected the reli—
ability of data other than that used to develop model parameters.

V 11
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Section 4

PREDICTION MODEL DEVELOPMENT

In formulating the proposed technical approach , it was essential to iden—
V tify those critical factors associated with complex microcircuits which would

ultimately impact the reliability of these devices. The variables which were
given consideration include:

• Device Technology
Fabrication Techniques
Fabrication Process Maturity
Failure Mode Experience

• Device Complexity
Elements Employed in the Implementation of LSI Circuit Functions

V Electrical Functions Performed by Various Elements

Package Conf iguration and Complexity

Effec tiveness of Screening Techniques

Operating Temperature and Environment

Sof tware/Firmware Attributes

Application Considerations and Requirements

The development of a prediction model(s) requires the evaluation of the
V 

contributions resulting from each of these fac tors and the integration of
their collective effects into a manageable expression that can be applied by V

• reliability engineers without intimate knowledge of material properties, de—

I vice physics or process techniques. Several possible modeling approaches were
- reviewed and considered , each of which had definite merit but were also sub—

ject to limiting constraints. The approach pursued in this study endeavored
to utilize the available reliability experiences, established reliability con—

WV ventions, and the information presented in the literature censoring conflicting
~l. or discrepant information. This section outlines the analysis performed in

V 

the determination of the various prediction model factors. V

4.1 General Modeling Concepts

Historically, reliability prediction models have varied in complexity V

from a single point estimate failure rate value for an entire component family

~
- to elaborate expressions reflecting the contributions of the various physical

I • 
and operational attributes of each component.

$

One of the earliest prediction techniques for microelectronic devices,
presented in MIL—HD BK—2 l7A , prescribed a single average failure rate value for

V the generic category of all monolithic integrated circuits . This single
V 
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failure rate value approach , while extremely simple , did not offer any sensi-
tivity to the factors which influence component reliability. However, it
should be realized that this model represented the results of the first V

serious effort to characterize the reliability of an emerging technology at a
time when actual reliability experiences were extremely limited .

The microcircuit reliability prediction model evolved into a more elabo-
rate expression in the RL~DC Reliability Notebook, Volume II, which was pub-
lished in 1967. The failure rate model presented in this notebook consisted
of a temperature—dependent base failure rate and a series of multiplicative

V modif ying factors. These factors reflected the effects of component complex—
ity, package configuration, application environment and component quality.
The modifying factors which were included in this model, as well as the values

• which these factors assumed, were determined empirically from an analysis of
V 

V 
the existing reliability information.

V The base failure rate in this model was derived from an extension of the
Arrhenius Model which had been used in conjunction with discrete semiconductor

• component reliability models. This base failure rate was intended to repre—
sent the most optimistic failure rate that the highest quality grade micro—

V circuits might achieve under zero stress conditions. This base failure rate
was then multiplied by the various adjustment factors related to part type,

V complexity, manufacturing method , quality grade, application stress and
V environment to arrive at a failure rate which was representative of a specific

service.

The values which the adjustment factors assumed for various cases were
derived from the analysis of reliability experiences. Since analyses of mal-
functions experienced in microcircuit devices revealed that the majority of
failures at that time were related to oxide step or contact cut problems, the
complexity factor in this model was based upon the number of oxide steps and
contact cuts in the device.

Reliability experiences also indicated a relationship between the amount
V of control and reliability emphasis applied during device production and the

ultimate component reliability . This relationship is reflected in the quality
factor which modifies the base failure rate according to the level of reli—
ability screening. In a similar fashion, the relationships and dependence
upon package configuration and operating environment are reflected in the
appropriate adjustment factors. V

:4 V

The application of this modeling technique was limited to double or
triple diffused silicon planar devices. It is based upon the assumptions •
that: (1) all infant mortality defects have been eliminated ; (2) only conven—
tional manufacturing processes and techniques have been employed ; and (3) de— V

vices are operated within the prescribed operating limits. 
I ~

This modeling approach, while more sensitive to critical reliability
factors than previous techniques and certainly appropriate at the time, was 51
still limited in terms of valid applications. The data employed in the den —
vation of the model parameters was extremely limited and reflected the prob—

V lems associated with immature vintages of select technologies. The predictions
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generated using this model were only considered valid for small—scale complex-
ity with an end—of—life requirement not exceeding 20,000 hours. The ultimate
limitation of this technique was that it did r’ot incorporate any capability

V to extend the parameters to include devices of increased complexity or devices
• manufactured using new technologies.

• A revision of MIL—HDBK—2l7A was developed to provide more accurate reli-
ability prediction models for parts included in the “A” version and to extend
the coverage to newer parts. This revision was first presented as a proposed

V MIL—HDBK—2l7B dated July 1973. The prediction technique presented in this
revision employed an “additive model concept” consisting of two failure rate
components ; one due to time degradation causes which are accelerated by
temperature and electrical bias , and a second due to mechanical and environ—
mental causes.

V The format of this proposed model reflected the reliability experiences
which had been observed since the previous modeling attempts. This model
attempted to demonstrate the influence of the various physical constituents of
the devices which were identified as being critical to component reliability.

V 
The total failure rate in this technique is actually comprised of the

failure rate contributions of each of the device constituents. The failure
rate contributions were determined according to the physical characteristics
of the constituents such as: nietallization area, diff usion area , chip area ,
crossover area, gate oxide area, number of interconnect~~ interconnect mate—
rial, bond type, number of bonds , etc. Actual values for the model parameters
for these various factors were determined using physics—of—failure techniques
scaled by field data.

V The failure rate contribution factors for the device constitutents are
modif ied by the appropriate quality, temperature and environmental fac tors to
determine the temperature and mechanical failure rates and ultimately the

V total device failure rate.

V 
This proposed technique differed from all previOus methods in that it

presented individual models for various categories of device technology
V 

•
~~~ (Bipolar, I .f0S), device complexity (SSI/MSI , LSI) , and a device function (Lin— 3

V ear , Digital). This format allowed for the consideration of the parameters
which were critical in each of these categories. 

_

~ c
V

*
Unfortunately this elaborate technique suffered from two major deficien—

cies : first , using the model required extensive familiarity with the fabrica— V 4

j  

ti(,n of the device , such as device materials and geometries, which is often
V :V difficult to ascertain , and , second , it is assumed that the temperature depen—

dency exhibited in all categories (for all failure mechanisms) were identical. V 
V

The assumption of identical temperature dependency implies that the failure
V mode distributions exhibited in each technology are similar. Analysis of the

failure mode distributions for the various technologies indicates that the
validity of this assumption is somewhat questionable.

Alterna te approaches designed to simplify application and remedy the
V shor tcomings of the proposed 2l7B technique without compromising the accuracy

15
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of the predictions were considered in the development of the accepted version
of MIL—HDBK—217B dated September 1974, which remains as the government autho-
rized methodology covering this class of devices.

The accepted 2l7B technique presents a series of models for Bipolar and
MOS microcircuit devices for four major classes: Digital (SSI/MSI), Linear,

V Digital (LSI), and Memories. Each of these classifications adopted the
V “additive model concept” as suggested in the 1973 proposed version. However,

the number of modifying factors was significantly reduced.

All of the factors included in the proposed 217B version which were
derived from the physical characteristics of the devices have been combined

V into a pair of comple~dty factors for the 2173 handbook. The values for the
small— and medium—scale complexity factors were determined from the mathemat-
ical relationships established from the analysis of empirical data. The large—
scale complexity factors were established from the extrapqlation of small— and

V 
medium—scale device relationships.

V Two sets of temperature acceleration factors are included in the 2l7B pre-
diction technique to reflect the variations in experienced failure mode distri-
butions and associated temperature dependencies for the different technologies.
The accepted 2173 prediction technique also incrudes a learning factor which

V is intended to account for the impact of an immatUre technology and design, or
process changes upon the ultimate component reliability.

The MIL—HDBK—2l7B prediction model affords reasonably accurate reli-
ability predictions for a variety of device technologies, over a substantial
complexity range, requiring only minimal familiarity with component attributes.

V However, the rapid evolution of microcircuit technologies has introduced a
V breed of devices which are beyond the intended scope of the 2l7B prediction

model. Unfortunately, a simple extension of previous reliability knowledge
and methods is not always practical for these devices, nor does it always
yield predictions which are representative of actual device reliability.

I-

The modeling approach pursued in this study combined the statistical
analysis of reliability data with the relationships suggested in the litera-
ture and previous reliability modeling techniques, while attempting to afford
the optimal consideration of those qualities common to practical reliability • 

V

assessment techniques including:

reasonable accuracy
• 

V 
V . uncomplicated approach

• . dynamic, flexible expression
appropriate discrimination against unreliable conditions. 

V

V 
Since complex microcircuits, especially microprocessors ~~td their support

V chips, are frequently configured essentially as a computer system , it is
V necessary to incorporate the reliability characteristics which result from the

V system—related considerations into the overall reliability assessment of the
devices . V 

V

• 
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An appreciation for the critical parameters involved in the reliability V

assessment of complex microprocessor type systems can be derived from the
consideration of the types of failures which would be exhibited by such a
configuration. These failures can be grossly categorized as being attribut—

V able to hardware/device , software/firmware or application considerations.
Similarly , the failure rate of a complex microcircuit can be expressed as a
f unction of the failure rates for these individual system parameters:

V 
A~, = F( A , A , X~ )

V 

• 

where:

• A 1, is the complex device failure rate

is the failure rate for software/firmware attributes V

A
D 

is the hardware/device failure rate

is the failure rate for application considerations.

The failure rate contributions of each of these categories will be influ—
enced by the disposition of a series of factors which are illustrated in

V Figure 2. In order to develop mathematical expressions which accurately
characterize the reliability of LSI microcircuits, it is necessary to investi-
gate how the variations of the individual factors actually influence device
reliability.

V The major portion of the complex microcircuit failure rate is related to
V 

the hardware considerations or to the inherent device reliability. The device
failure rate, as suggested by previous models, is a function of the device
characteristics and operational stresses. The device failure rate model form
assumed at the onset of this study was similar to that of the existing NIL—
HDBK—217B models:

A A + Ap T N
where:

is the device failure rate

AT is the temperature dependent device failure rate contribution

A
M is the mechanical device failure rate contributiom,

This model form is based upon accepted theoretical concepts and has demon—
strated reasonable accuracy in small— and medium—scale integrated circuit reli—

$ ability predictions. The factors which constitute the thermal and mechanical 
V

V failure ra tes, as well as the appropriate weighting of their relative contri— 
V

butiona to the total failure rate, were determined by the analyses of the
extensive reliability data resources accumulated during this study. The types
of analyses and their results are the subject of Sections 4.2 through 4.6.
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V Figure 2: LSI Microcircuit Reliability Considerations . 4

V ii
~

V 

18 

-

V

- - .—--~~~~~~~~~~~~~ V~~
7

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



— -V-- ~~~~~ ~M _ ~~V:~~~~.__ V V_  - —-- V - ~~~~~~~~~~~~~

V The modeling of the application and software/firmware attributes presents
a problem since many of these considerations cannot easily be expressed in V

terms of numerical values. In addition, the definitions of many of the fac—
tors involved are not universally accepted and thus introduce variations in
interpretation and usage. While these software/firmware and application con-
siderations do not apply to all complex devices, their impact on certain de-
vices and device conf igurations suggests their inclusion in the reliability
models for these components. The types of analyses and the results of these
analyses are presented in Section 4.7.

4.2 Temperature Factors

A microcircuit’s physical characteristics and fundamental principles of
V a operation are defined by the device technology. The basic design and fabri—

cation techniques employed in the implementation of differen t technologies
result in a dramatic variation in the physical geometries, constituent mate—

V rials and electrical characteristics of the fundmental device elements.
Since the failures experienced in microcircuits can be directly related to the
physical characteristics and limitations of the materials and techniques em—

V ployed in the implementation of those devices, it is the device technology
which inevitably has a major influence on microcircuit reliability.

The malfunction experiences within the different types of microcircuits
are invaluable in defining the constituent failure mode distributions char-
acteristic of each of the various device technologies. The failure mechanisms

V associated with each of the failure modes , as well as the stresses which acti-
vate these mechanisms, have been identif ied in the litera ture dealing with
microcircuit physics—of—failure.

The data collection efforts in this study have provided an extensive V
amount of device malfunction data. The malfunction information was summarized 

V

by segregating the experienced defects into two categories: technology—related
and package—related. These classifications are based upon the assumption that

V the experienced package—related defects for a given package configuration will V

be independent of the technology of the device contained within. However, an
analysis of the technology—related defects revealed that experienced failure
mode distributions for a given technology varied according to the packge con—
figuration. Accordingly, the technology—related defects were summarized for
each technology into hermetic and nonhermetic package categories. The re—
sulting defect distributions are presented in Table 2 for Bipolar technologies
in hermetic packages; Table 3 for Bipolar technologies in nonhermetic packages;
Table 4 for MOS technologies in he~.-metic packages ; and Table 5 for MOS tech—
nologies in nonhermetic packages. The percentage values in each column in

~~~~ these figures represent the normalized distribution of defects within that V

• column. V

4 .
V The technology—related defect categories presented in Tables 2 through 5

can be grossly classif ied as being attributable to thermal or mechanical
stresses. Temperature is generally considered to be the primary activating •

I
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stress since it has the most pronounced effect upon a substantial number of
V failure mechanisms experienced in microcircuit devices.

Several models have been developed to characterize failure mechanism

V 
temperature dependence and to provide an approximation of the relationship be-
tween stress (electrical and thermal), time, and failure rate. These models
are typically intended to characterize individual failure mechanisms. How-
ever , failures in any given microcircuit population are seldom attributable
to any single failure mechanism. This condition introduces difficulty in at-
tempting to apply the established mathematical relationships in the modeling
of microcircuit failure rate temperature dependence . - V

The approach pursued in this study involved the empirical determination
of failure rate temperature dependence using actual reliability experiences
at various t emperature levels.

V To facilitate the determination of failure rate temperature dependence
for the various technologies, the reliability data for the technology—package
categories, as presented in Tables 2 through 5, were combined according to the
similarity in the defect distributions for the categories. For example, the V

defect distributions for plastic encapsulated TTL and hermetically packaged
STTL (in Tables 2 and 3) are extremely similar. Therefore , the reliability
data for these two technology—package categories (along with other categories)
were merged together to form a more significant data resource for the determi-
nation of a temperature factor.

These resulting data sets were employed in the temperature factor determi-
nation. Initially, groups of entries with similar parameters and different
temperature stresses were identified in each data set. These points served as
the basis for an initial estimate of the impact of temperature variation on de-
vice failure rate. Preliminary temperature factor values were calculated V

using curve—fitting techniques on the various reliability data for the differ-
ent technology—package categories. These initial calculations provided gross
estimates of the temperature factors for each data entry to be employed in
the subsequent analyses to determine other model parameter values.

The temperature factor analysis, like the analyses of all of the factors,
V involved an iterative process. The initial temperature factor values were re-

calculated after values had been determined for all other model parameters.
The new values were utilized to recalculate values for other model parameters,
and so on. The process was stopped when the highest index of determination
had been achieved. The resulting temperature factor values for the various V

technology—package categories are presented in Tables 2.1.5—3 through 2.1.5—12
of the proposed model in Se:tion 5.

V An analysis of the CMOS technology data revealed that a second stress
variable, other than temperature, had a significant influence upon device fail— V

ure rate. A review of the literature confirmed this observation and suggested
the use of a model which combines both temperature and voltage as life acceler—
ating stresses. An analysis of the CMOS reliability data, supported by the V

findings reported in the literature , resulted in the introduction of a voltage
V stress derating factor which is employed as a direct multiplier of the
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temperature factor. 
V

The value of this parameter is set equal to 1.0 for any technology except
f or CMOS devices where the maximum recommended operating supply voltage is

V greater than 12 volts. The expressions for this facfor reflect the reliability
improvement which can be realized by derating the supply voltage for CMOS de—

V 
vices .

The approaches pursued in modeling failure rate temperature dependence
in this study offer many benefits, including model flexibility. The tempera—
ture factors for various technology—package categorie~ can be easily modified
to accommodate the changing characteristics of evolving technologies. Emerg—
ing technologies may also be assigned slightly pessimistic temperature depen—
dency values, initially,  and realistic values when the technology becomes es-
tablished.

V V 4.3 Device Complexity Factors

The need for a reliability prediction technique specifically dedicated to
V - complex microcircuits indicates that device complexity should be a primary

consideration in the reliability model development. All previous modeling
approaches (except 217A) have employed some type of device complexity factors.
These factors have been based upon assorted device attributes including the V

physical characteristics of the device fabrication, number of oxide steps and
V contact cuts, number of active components, or device density.

The reliability consequences resulting from increased component densities
have already been established and documented in the literature and in many
study programs. For devices implemented using a given fabrication technique,

V 
any increase in chip density is accompanied by a reduction in the circuit
element geometries. The smaller geometries place a greater emphasis on the
tolerances required during the fabr ication processes and also reduce the

• effectiveness of visual inspection techniques as a method of detecting surface
defects and imperfections. The reduced width and spacing of metallization
runs increase the susceptibility to bridging shorts and/or open metallization
conditions. Smaller junction geometries also increase the criticality of
fabrication processes and lower the characteristic breakdown voltages. In
general , increased component density diminishes component reliability.

The fabrication techniques employed in the implementation of various de—
vice technologies inevitably become the limiting constraints of the achievable
component densities and, therefore, device complexities. Some of the major
discrepancies for complex devices in previous pred iction models resulted from
the derivation of complexity factors based upon current• fabrication techniques.
The predicted failure rates for the complex devices were extremely high be—
cause their implementation was “pushing the limits of the technology.”

New technologies and fabrication techniques are constantly emerging
offer ing greater component density capabilities without the degree of reli— V

ability decrement as invisioned with prior technologies . Techniques such as
V the self—aligning silicon gate process (introduced in NI4OS devices) increased

achievable densities , improved device performance , and enhanced device reli—
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ability. The adaptation of this process to other MOS technologies produced V

similar benefits. The introduction of dual—level metallization, polysilicon
intraconnection system, and many other innovative designs fur ther increased
the achievable device densities , pushing the technology limitations further
outward.

The key to the derivation of realistic complexity factors for reliability V

prediction models is the determination of an indicator which accurately
characterizes the device complexity . The bit complexity for memory devices V

would appear to be an obvious indicator of the complexity of these devices.
However , a closer examination revealed subtleties associated with memory
device complexity which merited consideration.

The monolithic memory devices can be grossly classif ied as either Random
Access Memories (RAMs) or Read—Only Memories (ROMs). The ROM family consists
of devices whose memory patterns are fixed and are not altered during normal

V operation. The RAM devices’ memory patterns, on the other hand, are typically
altered during normal operation. Obviously , the vastly different operational V

modes indicate that the circuitry required for the implementation of RAMs and
ROMs varies dramatically . Additional complexity—sensitive attributes were
identified within the RAM and ROM families.

The primary distinction in both the RAN and ROM families was based upon
the technology——Bipolar or MOS. Similar devices implemented in Bipolar or MOS
technologies require different numbers of functional elements and silicon real

V estate. An additional distinction was made in the MOS RAM family for static
and dynamic operatonal modes . The memory matrix element for a static MOS
RAM typically employs six to eight transistors and operates on a type of
“flip—flop ” principle. The dynamic memory cell typically employs four tran-
sistors and relies on parasitic capacitances to retain memory information.
While the dynamic cells require periodic refresh to retain information, they
offer lower power dissipation, lower element stresses, and require less

V silicon real estate than their static counterparts.

It is fairly obvious from an examination of the functional and circuit
differences that a single set of complexity factors would not adequately
characterize all of these memory configurations. Therefore, separate complex—
ity f actor sets were developed for Biplar RAMs , MOS static RAMs, MOS dynamic
RAMs, Bipolar ROMs and MOS ROMs. The complexity factors utilized the device
bit complexity as the complexity index. V

The existing MIL—HDBK—2l7B prediction models employ two complexity V

factors , C1 and C2, to reflect the impact of device complexity. The C1 fac tor V

represents the contribution of complexity to the temperature—dependent portion
of the device failure rate. The C~ factor represents the complexity contri— 

V 
V

V bution to the mechanical portion or the failure rate. This convention is 
V

valid since the technology—related defects , previously discussed , are mani—
V fested by both thermal and mechanical stresses.

~ V .~~V

The complexity values, C1 and C2, were derived in a fashion similar to
the temperature factor values. To begin the analysis an initial assumption of
C
1 

— 2C
2 was made. The iterative process provided values of C

1 and C2 for V •
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varfous device complexities. A curve—fitting technique was employed to deter— V
mine the forms of the C1 and C2 expressions. The newly calculated values were

• then subjected to additional modification in subsequent analyses until a
reasonable index of determination was achieved. The coefficients for C1 and
C2 derived from the regression analyses were incorporated into the complexity

V value expressions. These coefficients provide the appropriate weighting of
the thermal and mechanical contributions to the technology failure rate.

V 

The analysis of the ROM family da ta suggested that an additional factor
V was required to reflect the failures which were unique to the Programmable

Read—Only Memories (PRONs). These devices are basically ROMs which are pro—
- grammed by the device user. The PROM devices exhibit the same technology—

related defects as their ROM counterpar ts, but also exhibit defec ts associated
specifically with the PROM programming techniques.

Inf ormation was acquired from ROM and PROM manufacturers to compare the
V 

• 
complexities associated with these devices. The data received indicated that
the complexity differences between ROMs and PROMs were negligible for both
bipolar and MOS devices. The only appreciable difference was the method in
which the program was implemented.

V A review of the literature suggested two possible types of failures asso-
ciated with the PROM programming techniques; the loss of a programmed bit, and

V an undesired programming of a bit~. An analysis of available PROM reliability
data did not reveal any instances of a nonprogrammed bit location becoming
programmed. Therefore, to simplify the model this failure mode was ignored.

V The bit loss failure mode includes fusible link growback, the recovery of
shorted junctions, and charge leakage. Some of these types of failures have
been observed in the experiences with PROM devices. The probability of
occurrence for this type of fa ilure is based upon the number of programmed V

elements, the type of programmed element, temperature, and device quality. V

An attempt to model the PROM programming technique based upon these factors V

would require an extensive reliability data base and would result in an
- extremely complicated mathematical expression.

To provide a simple estimate of the PROM programming technique failure
~~ rate contribution, an additional factor was developed for ROM and PROM de—

V 
•~ vices. The values for this factor were derived from programming element

V failure experiences and are based on the assumption of 50% of the device bits 
V

being programmed. The values for the various programming techniques and the
equations for determining these va~.ues are presented in Table 2.1.5—22 in 

V

Section 5.

V 

The derivation of complexity factors f or random logic LSI devices was
• somewhat more difficult. There is no unique, readily identif iable indicator

of device complexity for this family of devices. Analyses were performed to
determine the correlation between device complexity and various device attrib-
utes. The only reasonable correlation to device complexity was exhibited by V
a gate count estimator. The gate count estimators for the various devices

a • were determined from the logic diagrams for the circuit functions. Where the

• logic diagrams were unavailable, transistor counts were employed with several
conversion conventions to determine an approximate device gate count .
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Random logic device functions were also partitioned into smaller complex-
ity functions for which gate counts would be determined. The gate count for
the entire device was then calculated by summing the approximations for the
smaller function components. The derivation of C1 and C2 factors was per-
formed in the same manner as the memory devices with a distinction between
the Bipolar and MOS random logic devices.

To simplify the predictions for microprocessor devices, the manufacturers
were contacted to determine gate count approximations. These values are
listed, for many of the currently available microprocessors, in Table
2.1.5—26 in Section 5. Accompanying the microprocessor gate counts in Table
2.1.5—26 are a series of conventions for approximating the gate complexities
for other random logic devices.

V 4.4 ~~ality Factors

All previous modeling techniques have assumed that the devices have been
implemented utilizing a mature technology and that all infant mortality
failures have been eliminated. In practice, infant mortality fai1i~ires are
minimized by subjecting the devices to some form of 100%—screening beyond the
manufacturer’s normal quality control practices. The device quality , in all

V previous modeling techniques, has been based upon the device procurement
V quality grade or the screening program to which the devices had been sub-

jected.

V In this study the same device quality grades are utilized . An initial 
a

analysis in this program employed the values directly from MIL—HDBK—2l7B for
each of the quality factors. The values for each of the factors were modi—
fled according to the coefficients of the regression analyses. The resulting
quality factors , presented in Tables 2.1.5—1 in Section 5, are extremely

V similar to higher—quality grades of the existing model. For the proposed
quality factors a comparison of Class S to Class C would indicate an improve—
ment factor of 16 to 1. The same comparison in the existing model would re-
sult in a 16 to 1 improvement.

The obvious discrepancy between the existing and proposed model quality a
fac tors is the value for Class D , cotnmerical, off— the—shelf devices. The
existing model presents two quality factors for this grade; a factor of 150
for hermetic devices , and a factor of 300 for nonhermetic devices. The
proposed model distinguishes between hermetic and nonhermetic reliability in
the temperature and package factors in addition to different quality factors.
The proposed quality factors of 17.5 for hermetic and 35 for nonhermetic
commercial devices are significantly lower than those presented in the present c
models.

V This dramatic difference in quality fac tors between the existing and
proposed models for commercial devices may be explained by considering the
nature of the data used in deriving these factors in this study. The commer—

- Vt - cial device da ta employed in this study reflect the impact of recent advances V

and improvements in both technology and package fabrication. This is espe—
cially true for nonhermetic devices, where new plastics have resulted in im— i
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proved device quality. In addition, most of the commercial device data is V

from applications in non—hostile environments such as Ground, Fixed and
Ground, Benign where the environmental and temperature stresses are minimal.

4.5 Package Factors

Integrated circuit packages are responsible for providing both protec-
tion from hostile environments and electrical connections for the device chip.

V The two primary reliability concerns related to device packages are the
package hermeticity and interconnect wire integrity. The materials used in
the fabrication of the various integrated circuit package types ultimately
influence the package reliability characteristics. Consideration of the
various package configuration attributes is essential in the derivation of
prediction model package factors.

The package attributes which are considered to impact reliability in-
clude: package material, seal material and perimeter, number of intercon-
nects, interconnect material, type of wirebonds and number of package leads.

V Due to the interdependencies among the package attributes, many of these
variables can be combined and simplified .

For all practical purposes, the number of interconnects can be assumed V

to equal the number of package leads in LSI packages. The package material, V

seal material, and even the lead “frame” material and lead egress will be
extremely interdependent. For example, a ceramic dual—in—line package
typically employs a sandwich structure consisting of a kovar alloy lead frame,
between an alumina base and lid, sealed with some type of solder glass with the a

lead egress through the glass seal. A ceramic/metal dual—in—line package
typically employs a different set of constituents. These include: an alumina

1’ base, a thin—film conductor system with brazed leads, a kovar lid , and a
solder seal to establish hermeticity. This grouping of package attributes

V according to typical package configuration interdependencies forms the most
logical definition of microcircuit package classifications to be used in V

failure mode distribution analyses.

Based upon an analysis of integrated circuit package construction, f ive
• L~- major package categories were developed . These categories include: Hermetic

DIPs with solder or weld seals; Hermetic DIPs with glass seals; Nonhermetic
DIPs; Flatpacks; and Metal Cans. The package failure mode information col—
lected in this study is summarized for these package categories in Table 6.

The failure modes experienced in each package category, as well as their V

frequency of occurrence, will depend upon the physical characteristics of the
‘
•:~~ 

package and the types of stresses experienced . The package failure modes are 
V

almost exclusively manifested by mechanical stresses. Therefore, the package
complexity factors were developed as a contributor to the mechanical portion
of the device failur e rate.

The initial assumption was made that the package failure rate accounted
for 40% of the total device failure rate. The number of functional pins (pins
having electrical connections) was used as the index of package complexity. V

V 
V . The relationships between package complexity and device failure rate were

developed for each of the five package categories. These expressions, along

V 
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V with the package complexity values, are presented in Table 2.1.5—23 in See—
V tion 5.

4.6 4pplication Environment Factors

The primary activating stresses for integrated circuit failure modes are
thermal or mechanical in nature. The thermal stress failure rate dependency
is reflected in the prediction model temperature factor. Since the mechanical
stres8es are derived from environmental conditions, the mechanical failure
rate dependency is reflected in the prediction model application environment
factor.

V The proposed models have adapted the environment categories, as presented
in the existing MIL—HDBK—217B, with the additional distinction between the
fighter and transport airborne environments. In the initial analyses the

V existing MIL—}1DBK—2l7B application environment factors were utilized. However,
subsequent modeling activities resulted in the modification of the parameter
values. The application environment factors for the proposed models, which
are presented in Table 2.1.5—2 in Section 5, are fairly similar to the exis-
ting values with the exception of the Ground, Benign, and Space, Flight values.

Since the available Space , Flight application environment data were ex—
V tremely limited, the value for these two factors was derived based excusively

upon Ground, Benign data. The data in the Ground , Benign category was largely
commerical grade or class B—2 grade devices employed in computer systems. It
is possible that a commercial Ground, Benign environment is more hostile or
severe than a military Ground , Benign environment. Unfortunately, the data

V analyzed in this category were inconclusive in distinguishing between military
and commercial Ground , Benign environments.

Application environment factors for categories where insufficient data
were available were calculated using ratios based upon the existing NIL—
HDBK—2l7B values.

4.7 Software/Firmware and Application Considerations

Since many complex microcircuits , especially microprocessors and their
support devices, are frequently configured as a computer system, it is neces— V

sary to incorporate the reliability characteristics which result from system—
related considerations into the overall reliability assessment of the devices.
The literature review and the results of the RAC Microprocessor Reliability
Survey (both previously discussed in Section 2.0) were employed as the sources

~ for the identification of potential application and software/firmware reli-
ability factors. These parameters, which are illustrated in Figure 2, are
presented again for emphasis :

Software/Firmware Attributes

V V 

- . Sof tware Maturity V

Instruction Set Complexity
Memory Volatility

V . Error Detecting Capabilities
System Redundancy
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Application Considerations

Intended Function
V — dedicated

— general purpose
Timing Considerations
Interface Requirements
User’s Experience.

The survey results indicated that these factors constitute a significant V

percentage of the problems encountered with complex microcircuits during the
system design and development phases. However, the frequency of these prob—
lems occurring in actual field usage was dramatically less than initially
experienced. While the hardware reliability characteristics are considered
to closely approximate the actual experienced device reliability , for most

V 
complex microcircuits, it is worthwhile to determine how some of these para-
meters influence the overall reliability of a particular group of complex de-
vices, namely microprocessors.

One of the more obvious microprocessor reliability concerns is the soft-
ware reliability. There are a large number of models which deal with the
determination of software reliability. In an extremely simplified form , sof t—
ware reliability can be related to its complexity and maturity. Software
maturity reflects the consequences of a learning process. As the software is
used repeatedly, the “bugs” or the inherent defects are identified and
corrected. Obviously, as the software complexity increases, the time required
for debugging increases.

With microprocessor devices the software complexity can be related to the
size of the device’s instruction set. The software maturity is a function of

V the extent to which the software has been used. Microprocessor software which
is “pirated” from existing computer systems will be more mature , and therefore

V more reliable, than similar software developed solely for that microprocessor .

From this discussion it would appear that a software reliability factor
could readily be developed , for each microprocessor device, based upon instruc-
tion set maturity and complexity. Unfortunately , deriving such a software •

~ 

V

V reliability factor would be extremely difficult. First, the software maturity
is a rather abstract variable which could not easily be translated into a
numerical value for a mathematical expression. Secondly, the software reli— -‘

V 

ability would also be application dependent . That is, various applications
may utilize different portions of the entire instruction set. (This dedicated
vs. general—purpose function factor will be discussed in detail in later para—
graphs.) As a result, the software reliability must be determined for micro-
processors on an individual basis according to the intended application.

The other software/firmware attributes , including memory volatility ,
V error detection capabilities, and system redundancy , are all factors which

must be given consideration during system reliability determinations. These
• parameters can only be evaluated when considering the interaction of many

components &‘-‘il cannot therefore be adequately addressed within a device reli—
ability model.
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Microprocessor timing considerations should be addressed at two levels. V
V 

The timing sequences are critical to the proper transfer of data throughout
the microprocessor system. Even slight timing deviations in the system could
create diacrepan .~ies which could be diff icult  to detect. These problems must

V be considered at the system level through the use of parity checks and fault
detection schemes.

The timing considerations can also be addressed at the component level
(through its influence on the device power dissipation). Increasing clock
frequency increases device power dissipation, resulting in increased junction
temperatures and decreased reliability.

Interfacing logic is an important aspect of microprocessor systems. A
microprocessor possesses its own internal characteristics which cannot be
modified by the device user. External devices, such as I/O devices , program
storage units, transducers, etc., each have their own characteristics. To

V enable the processor to control and process data associated with external de-
vices, it is necessary to properly code and synchronize the system elements.
This is primarily achieved through the use of hardware, such as latches, de-
coders, encoders, or converters, which tramslate the signals from one system
element into usable signals for a second system element. Once the basic

~ physical and electrical compatibility has been achieved between the system
elements , a second level of integration may be achieved through software
implementation.

The microprocessor manufacturers have recognized that interface logic is
essential in the implementation of a microprocessor system. Accordingly ,
these manufacturers offer  “part families” consisting of the most frequently V

used microprocessor peripherals. Reliability concerns resulting from inter—
facing considerations must also be considered at the system level since these
aspects cannot be adequately reflected in device reliability predictions.

The application consideration which is thought to have the most dramatic
impact upon device reliability is the intended function. Intuitively , a de—
vice performing a dedicated function would be more reliable than the same de—
vice in a general—purpose application. The underlying basis for this assump—
tion, as well as the essence for all software/firmware and application reli— V
ability considerations , is device TESTABILITY. 

V 
V

It is generally accepted that as the number of functional elements re~
4 . quired to implement a circuit increases, the time and the sophistication of

the techniques to completely test the device increase dramatically~ Considering
all of the possible functional permutations for a single microprocessor , it

V 
would be totally impractical to completely test each device. ~V V

V

Complex devices employed in dedicated function applications, where only a
small percentage of the devices’ total capabilities are being utilized , can be
tested more thoroughly than devices intended for general purpose applications.

• 
V 

The comprehensive device testing would increase the probability of failure de—
tection during early life , thus improving useful—lifetime reliability of the
device population.

31.

V 

~~ 

~~~~~~~~~~ ~ V_ V V ~ ~~~~~~~~~~~~~~~ 
V 

V~~V V *  ~ V V V V V V V V V • 

V 

V V V V V



~~~~~~~~~~~~~~~i~~~iTi

An effort was made in this study to derive a mathematical expression re—
V lating the intended application complexity to reliability. Unfortunately , sev-

eral obstacles were encountered in this activity. First, the definitions of
dedicated and general—purpose applications have never been universally ac-
cepted, introducing many problems in interpreting user data inputs. Secondly,
most reliability data currently available on microprocessor devices do not

V indicate the sof tware employed nor the details of the application or functions
performed. However, it is recommended that this type of information be re-
corded and caref ully scrutinized , in future efforts, to determine the rela—

V tionship between functional application and complex device reliability .

, 1
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V Section 5 : V

PROPOSED MEMORY AND LSI MODELS V

This section presents the proposed reliability prediction models and
V supporting information for memory and random logic LSI monolithic micro—

V 
• circuits. These recommended revisions to the existing MIL—HDBK—217B models

V V are the result of the analyses performed on the extensive data base compiled
V during this study. The format and paragraph numbering scheme presented

in this section was selected to be consistent with MIL—HDBK—2l7B.

11
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V 2.1.3 Monolithic Bipolar and MOS Random Logic LSI and Microprocessor Devices
V (equal to or greater than 100 gates)

= r
Q~
Ci

v~1t~ + (C2 + C
3

)v
E}

where: V

is the device failure rate in F/b 6 
Hours V V~~

fl
Q 
is the quality factor, Table 2.1.5—1 ~ V V

V IT
T 
is the temperature acceleration factor, based on technology (Table
2.1.5—3) and is found in Tables 2.1.5-4 thru 2.1.5—12 

V
V VV

V V

V 
is the voltage derating stress fac tor , Table 2.1.5—13

is the application environment factor, Table 2.1.5—2/

C
1 

and C2 are device complexity failure rates based,,upon gate count and
are found in Tables 2.1.5—17 and 2.1.5—18 (See ,Tables 2.1.5—24 thru
2.1.5—26 for gate count determination guideli~ es)-

I 
/

V C
3 
is the package complexity failure rate, Ta~k�’le 2.1.5—23

- 
V/

‘

I
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2.1.4 Monolithic MOS And Bipolar Memories

2.1.4.1 Random Access Memories (RAMs)

xp = 1IQ {C1
1TTITV + (C2 + C3) 1T

E}
V where:

V is the device failure rate in Ff10
6 Hours

is the quality factor, Table 2.1.5—1

it is the temperature acceleration factor , based on technology
T (Table 2.1.5.3), and is found in Tables 2,1.5—4 thru 

V

2.1.5—12 V

V 

~ 
is the voltage derating stress factor, Table 2.1.5—13

is the application environment factor, Table 2.1.5—2 
V

C1 and C2 are the device complexity failure rates based upon bit
count and are found in Tables 2.1.5—19 and 2.1.5—20

C
3 

is the package complexity failure rate, Table 2.1.5—23

2.1.4.2 Read—Only Memories (ROMs) And Programmable Read—Only Meomories
(PROMs)

= ¶
Q ~~l

t
TitV

itpT + (C
2 + C

3) itE}
where: V

A is the device failure rate in Ff106 
Hours ‘ V

1T
Q 

is the quality factor, Table 2.1.5—1

IT
T 

is the temperature acceleration factor, based on technology
(Table 2.1.5—3), and is found in Tables 2.1.5—4 thru V

2.1.5—12
is the voltage derating stress factor, Table 2.1.5—13

~pT is the ROM and PROM programming technique factor, Table V

2.1.5—22

is the application environment factor, Table 2.1.5—2

V C1 and C
2 are the device complexity failure rates based upon bitcount and are found in Table 2.1.5—21 -

V

C3 is the package complexity failure rate, Table 2.1.5—23 ji

H
V 

36 4
V r f

I 
~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _________ ____



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ V -

2.1.5 Figures and Tables For the Monolithic Model Parameters

This section presents the tables and figures for quantifying the
V parameters of the failure rate models in Sections 2.1.1 through 2.1.4 for the

various monolithic microelectronic device types. The tables are presented
first, and then the figures.

TABLE 2. l.5-l. QUALITY FACTORS

Qual ity Level Descr ipt ion ir~

Procured in full accordance with PIIL-M-38510, Class 0 5
S requirements .

B Procured In full accordance wi th MIL-M-38510, Class 1 0V 

B requi rements.

Procured to screening requirements of MIL-STD-883,
Method 5004 , Class B, and in accordance with the

V electrical requirements of MIL-M-38510 slash sheet
B—i or vendor or contractor electrical parameters . The 3.0

V device must be qualified to requirements of MIL-STD-
883, Method 5005, Class B. No wa i vers are all owed .

V Proc u red to vendor ’s equivalent of screening re-

B-2 quirements of MIL-STD-883, Method 5004, Class B, and 6 5
V in accordance with vendor ’s elec tr i cal parameters.

Vendor waives certain requirements of MIL-STD-883,
Method 5004, ClassV B.

t
c Procured in full accordance with MIL-M-38510, Class 8 0‘.VV C requirementS . V

Procured to screening requirements of MIL-STD-883,
Method 5004, Class C and in accordance wi th the
electrica l requirements of MIL-M-385l0 slash sheet V

C-i or vendor or contractor electrical specification. 13.0 V

The device must be qualified to requirements of MIL- V

STD-883, Method 5005, Class C. No waivers are
allowed . V~~~ V~1

_____________ _________________________________________________ _______ V

V V~ Commercial (or non-mi ] standard ) part , hermeti cal ly
-

V D sealed , with no screening beyond the manufacturer ’s 17.5
regular quality assurance practices .

V Commercial (or non-mi] standard ) part , packaged or
D-l sealed with organic materials (e.g., epoxy , 35.0

s i licone or phenol ic).

4 V 
V VI

‘~~~1~~~~~~~~~
- 
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TABLE 2.1.5-2. 11E’ APPLICATION ENVIRONMENT FACTORS 
V V

- Environment ‘TE

Ground , Benign 1.0
V 

S Space , Flight 1.0
V GF Groun d, Fixed 2.5

A 11 Air borne , Inhabited , Transport 3.5

GM Groun d , Mobile 4.0

V 

V 
N 5 Nava l , Sheltered 4.0

Au1 Airborne , Uninhabi ted , Transport 4.0

V I Nu Naval , Unsheltered 5.0
V A lE A irborne , Inhabited , Fighter 7.0

AUF A irborne , Uninhabited , Fighter 8.0

Missi le , Launch 10.0

V I -
~~~~

MV

_ __ 
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TABLE 2.1.5-3. TECHNOLOGY TEMPERATURE FACTOR TABLES

V 

Technology Package Type 11
1 

Table Number 
V

TTL* Hermetic 2.1.5-4
Nonhermetic 2.1.5-5

V ~ V j ______________________________________ ________________________________________ V

V 

- 
~V 

V Hermetic 2.1.5—5LTTL 
Nonhermetic 2.1.5-6

SIlL Hermetic 2.1.5-5
Nonhermetic 2.1.5-6

LSTTL Hermetic 2.1.5-6
Nonhermetic 2.1.5-7

V 

ECL Hermetic 2.1.5-4
Nonhermetic 2.1.5-5

V 

Hermetic 2.1.5-8
Nonhermetic 2.1.5—li

PMOS Hermetic 2.1.5-6
Nonhermetic 2.1.5-10

V NMOS Hermetic 2.1.5-7

________________  

Nonhermetic 2.1.5-li V V ~~

t 
MNOS Hermetic 2.1.5-8

Nonhermetic 2.1.5-11

CMOS Hermetic 2 1 5-9
Nonhermetic 2.1.5-12

V 
~~ 

_______________________ _____________________ _______________________

LINEAR Hermetic 2.1.5-9 V~~~~
9

V Nonhermetic 2.1.5-12

*TTL Includes all III families not otherwise mentioned.

r V
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JUNCTION TEMPERATURE ESTIMATE

the worst case junction temperature in °C, shall be estimated by the V

V fol~.owing expressions :

V 
Tj= T c +O jc P

~~x L

where:

V 
Tc is the case temperature in

T
A 

is the ambient temperature in

is the system (or board) temperature rise above the ambient
V in °C

V is the junction—to—case thermal resistance for a device
soldered into a printed circuit board (°C/wa tt)

is the device maximum power dissipation (watts) from the
appropriate specification. If a value for is not avail-
able, use a value contained in a specif ication for the
closest equivalent device.

When specif ic values for cannot be obtained, the following approxi—
mations shall be employed : V

Junction—to—Case Thermal Resistance (°C/Watt)

I
Number of Package Pins

Package Type 
<22 pins >22 pins

V Hermetic DIPs
1 30 25

Nonhermetic DIPs 125 100
V Hermetic Flatpacks~ 30 25

- Hermetic Cans~ 30 ——
•

V ~For packag.. with epoxy or glass die attach use 125°C/Watt.

V 4 . ,
40
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V 
ENVIRONMENTAL TYPICAL TEMPERATURE S

When specific values for environmental temperatures cannot be obtained,
the following approximations shall he employed :

V 

Typical- Temperature (°C)

Environment
V Ambient, TA Rise Above TA, TR Case, Tc

- 

V G
B 30 10 40

S
F 30 20 50

G
F 50 15 65

V ~~ GFS1 70 20 90

AlT 55 20 75

G
M 55 15 70

G~~1 70 20 90

V Ns 60 15 75 
=

V 
V 

A.~ 70 35 105 V t

Nu 75 20 95

I AIF 55 20 75

A. 70 35 105uF V~

55 15 70

1Applications with solar radiation
It

= 

41
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TABLE 2.1.5—4. VS . JUNCTION TEMPERATURE

T~~(
°C) ‘Ti T

3
(°C) 1111 

— 
T~(°C) T~(°C) ‘Ti

V 25 0.10 51 0.35 77 1.0 103 2.5
27 0.11 53 0.38 79 1.1 105 2.7
29 0.12 55 0.42 81 1.2 110 3.2

V 31 0.14 57 0.45 83 1.3 115 3.7V 

33 0.15 59 0.49 85 1.4 120 4.3
35 0.17 61 0.54 87 1.5 125 5.0
37 0.18 63 0.58 89 1.6 135 6.6
39 0.20 65 0.63 91 1.7 145 8.7
41 0.22 67 0.68 93 1.8 150 9.9

V 43 0.24 69 0.74 95 1.9 155 11 .
45 0.27 71 0.80 97 2.1 165 14.
47 0.29 73 0.87 99 2.2 175 18. V

49 0.32 75 0.93 101 2.4 ~~~V~~~~ tI

TABLE 2.1.5~5. VS. JUNCTION TEMPERATURE

T~(°C) ‘Ti T~(°C) T~(°c) ‘~T1 T3(°C) ‘Ti
V 25 0.10 51 0.41 77 1.4 103 3.8

27 0.11 53 0.45 79 1.5 105 4.1
29 0.13 55 0.50 81 1.6 110 4.9
31 0.14 57 0.55 83 1.7 115 5.8
33 0.16 59 0.60 85 1.9 120 6.9
35 0.18 61 0.66 87 2.0 125 8.1
37 0.20 63 0.72 89 2.2 135 V h S

V 39 0.22 65 0.79 91 2.4 145 15.
41 0.24 67 0.87 93 2.6 150 18.
43 0.27 69 0.95 95 2.8 155 20.
45 0.30 71 1.0 97 3.0 165 27.
47 0.33 73 1.1 99 3.3 175 35.
49 0.37 75 1.2 101 3.5

L ~ V
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TABLE 2.1.5-6. ‘1 VS. JUNCTION TEMPERATURE 
V

T3 (°C) T~(°C) T~(°C) 
~~ 

T~(°C) ‘Ti

25 0.10 51 0.48 77 1.8 103 5.6
- 27 0.11 53 0.53 79 2.0 105 6.1

29 0.13 55 0.59 81 2.2 110 7.5
31 0.15 57 0.66 83 2.4 115 9.1

35 0.19 61 0.81 87 2.9 125 13.
. 37 0.21 63 0.90 89 3.1 135 19.

V 

~ 33 0.17 59 0.73 85 2.6 120 11.

39 0.24 65 1.0 91 3.4 145 27.
V 

- 41 0.27 67 1.1 93 3.7 150 31.
43 0.30 69 1.2 95 4.0 155 37.
45 0.34 71 1.4 97 4.4 165 50.
47 0.38 73 1.5 99 4.8 175 67.

K 
49 0.43 75 1.6 101 5.2

V TABLE 2.1.5-7. ir.~. VS. JUNCTION TEMPERATURE
V 

T~(°C) ‘Ti T~(°C) ‘Ti T~(°c) ~~ T~(°C) ‘Ti

25 0.10 51 0.56 77 2.4 103 8.4
27 0.12 ‘53 0.63 79 2.7 105 9.2

~ 
. 29 0.13 55 0.71 81~ 3.0 110 12. V

- 31 0.15 57 0.80 -83 3.3 115 14.
1 33 0.18 59 0.89 85 ‘ 3.6 120 18. V

35 0.20 61 1.0 87 4.0 125 22.
37 0.23 63 1.1 89 4.4 135 32.
39 0.26 65 1.3 91 4.8 145 46.

~~ 41 0.30 67 1.4 93 5.3 150 56.
43 0.34 69 1.6 95 5.8 155 66.
45 0.38 71 1.8 97 6.4 165 93.
47 0.44 73 1.9 99 7.0 175 129.
49 0. 49 75 2.2 101 7.7

a
Vi

V V
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:
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V TABLE 2.1.5-8. ?r.r VS. JUNCTION TEMPERATU RE V

V V 

T~(°C) ‘TI 

- 

T~ ( C )  T~(°c) T~(°C)

25 0.10 51 0.65 77 3.2 103 13.27 0.12 53 0.74 79 3.6 105 14.29 0.14 55 0.85 81 4.0 110 18.V 

31 0.16 57 0.96 83 4.5 115 22.V 33 0.18 59 1.1 85 5.0 120 28.35 0.21 61 1.2 87 5.6 125 35.37 0.25 63 1.4 89 6.2 135 54.V 39 0.29 65 1.6 91 6.9 145 81.
V V 41 0.33 67 1.8 93 7.6 150 99.43 0.38 69 2.0 95 8.5 155 120.45 0.43 71 2.3 97 9.4 165 173.- 47 0.50 73 2.5 99 10. 175 247.49 0.57 75 2.9 1Q1 11.

TABLE 2.1.5-9. II
I 

VS. JUNCTION TEMPERATURE

0 0 0T~( C) T~ C) 
~~~~~~~ 

T,~( C) 
~~ 

C)

25 0.10 51 0.76 77 4.3 103 19.27 0.12 53 0.88 79 4.8 105 21 . V

29 0.14 55 1.0 81 5.5 110 - 27 •31 0.17 57 1.2 83 ~
V
~~ V V 6.1 115 35~ V V

V 33 0.19 59 1.3 85 6.9 120 45,. V

V 35 0.23 61 1.5 87 7.8 125 57.37 0.27 63 1.7 89 8.7 135 91.39 0.31 65 2.0 91 9.8 145 142.41 0.36 67 23 93 11. 150 175.43 0.42 69 2.6 95 12. 155 216.45 0.49 71 2.9 97 14. 165 323. 
V
V ;~~

47 0.57 73 3.3 99 15. 175 473.49 0.61 75 3.8 101 17.

: 1  

V

I

Vj
V V$J

V V 11V I
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TABLE 2.1.5-10, ‘T VS. JUNCTION TEMPERATURE

o o 0 0T~ ( C) 
~~ 

T~ ( C) IJ ( C) T~ ( C) ‘ri

25 0.10 51 0.89 77 5.7 103 28
27 0.12 53 1.0 79 6.5 105 32
29 0.14 55 1.2 81 7.4 110 42
31 0.17 57 1.4 83 8.4 115 55
33 0.20 59 1.6 85 9.6 120 72
35 0.24 61 1.9 87 11. 125 93
37 0.29 63 2.2 89 12. 135 154 V

39 0.34 65 2.5 .- 91 14. 145 248
V 41 0.40 67 2.9 93 16. 150 311 V

V 43 0.47 69 3.3 95 18. 155 390
V 45 0.55 71 3.8 97 20. 165 600

V 

47 0.65 73 4.4 99 23. 175 908
49 0.76 75 5.0 101 25.

TABLE 2.1.5-11. ‘T vs~ JUNCTION TEMPERATURE

0 0 0i~( C) ‘Ti TJ( 
V~~~~~ 

‘Ti T~( C) ‘Ti TJ~ 
C) 

~ii

¶ - 25 0.10 51 1.2 77 10 103 63
27 0.12 53 1.5 79 12 105 72
29 0.15 55 1.7 81 14 110 100 V

31 0.19 57 2.0 83 16 115 136
V 33 0.23 59 2.4 85 18 120 184 V

V~ 35 0.28 61 2.9 87 21 125 248
37 0.33 63 3.4 89 25 135 439 V

39 0.40 65 4.0 91 28 145 756
41 0.49 67 4.7 93 32 150 982
43 0.59 69 5.5 95 37 155 1269

I 

45 0.71 71 6.4 97 43 165 2081
47 0.85 73 7.5 99 49 175 3337

- 49 1.0 75 8.7 101 57
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TABLE 2.1.5-12. VS. JUNCTION TEMPERATURE 
V

VV 
V

T~(°C) ‘Ti T
3(
°C) T3(°C) ‘Ti T~(°C) ‘Ti

25 0.10 51 1.7 77 V 18. 103 142.
27 0.13 53 2.0 79 22. 105 165.
29 0.16 55 2.5 81 25. 110 236.
31 0.20 57 3.0 83 30. 115 335.

V 33 0.25 59 3.6 85 35. 120 
V 472.

V 35 0.31 61 4.4 87 42. 125 659.
37 0.39 63 5.2 89 49. 135 1252.
39 0.48 65 6.3 91 57. 145 2308.

V 41 0.60 67 7.5 93 67. 150 3099.
43 0.73 69 9.0 95 78. 155 4134.
45 0.90 71 11 . 97 91. 165 7210.
47 1.1 73 13. 99 106. 175 12 ,267.
49 1.4 75 15 . 101 123.

V 

~~ V

E

I
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TABLE 2.1.5-13. -ir
1~, VOLTAGE DERATING STRESS FACTOR

Technology ‘V

CMOS, VDD = 5 volts 1.0

CMOS, 12 volts < ~~ < 15.5 volts Equation 1 (below)

CMOS , 18 volts < V~~ < 20 volts EquatIon 2 (below)

All technologies other than CMOS 1.0 V

V DD is the maximum recommended operating supply voltage

Equation 1: For maximum recommended operating supply voltage between
V 12 and 15.5 VOl ts.

V 

nv = 0.h10 eX

V 

V where:
0.168 Vs (T~ + 273)

X 298

V 
EquatIon 2: For max imum recommended opera ti ng supply vol tage between

• 18 and 20 volts .

h1V= 0.O 68 eX
V where:

V 

- 0.135 Vs (T~ -‘ 273)
298

V Vs Is the operating supply voltage in actual application 1 ,
is the device worst case junction temperature (0C)

V e is the natural l ogarithm base, 2.71828
I

~~

V

V
V

~~~~

I  
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TABLE 2.1.5-17. Ci AND C2, CIRCUIT COMPLEXITY FAILURE RATES FOR BIPOLAR
RANDOM LOGIC LSI DEVICES IN FAILURES PER 106 HOURS

No. No. No. 
V

V Gates C1 C2 Gates C1 C2 Gates C1 C2
V 100 0.015 0.0012 850 0.045 0.0021 3400 0.091 0.0031

150 0.019 0.0013 900 0.046 0.0021 3600 0.093 0.0031
200 0.022 0.0014 950 0.048 0.0022 3800 0.096 0.0032
250 0.024 0.0015 1000 0.049 0.0022 4000 0.098 0.0032

V 300 0.027 0.0016 1200 0.053 0.0023 4250 0.101 0.0033
V 350 0.029 0.0016 1400 0.058 0.0024 4500 0.104 0.0033

400 0.031 0.0017 1600 0.062 0.0025 4750 0.107 0.0034
450 0.033 0.0018 1800 0.066 0.0026 5000 0.110 0.0034
500 0.034 0.0018 2000 0.069 0.0027 5500 0.116 0.0035

V 550 0.036 0.0019 2200 0.073 0.0027 6000 0.121 0.0036
V 600 0.038 0.0019 2400 0.076 0.0028 6500 0.126 0.0037

650 0.039 0.0019 2600 0.079 0.0029 7000 0.131 0.0038
700 0.041 0.0020 2800 0.082 0.0029 7500 0.135 0.0039
750 0.042 0.0020 3000 0.085 0.0030
800 0.044 0.0021 3200 0.088 0.0030

V Tabulated values are determined by the following equations :

C1 = 1.48 x l0~ (NG)°~
506

C2 
= 3.20 x lO~ (NG)°~

279

where NG is the number of gates .

.1
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TABLE 2.1.5—18. Ci AND C~, CIRCUIT COMPLEXITY FAILURE RATES FOR MOS RANDOMLOGIC LS!OEVICES IN FAILURES PER 106 HOURS

No. 
V 

No.
V Gates C1 C2 Gates C1 C2 Gates C1 C2

a 100 0.011 0.0007 850 0.026 0.0012 3400 0.045 0.0016
V 150 0.013 0.0008 900 0.027 0.0012 3600 0.046 0.0016

200 0.015 0.0008 950 0.027 0.0012 3800 0.047 0.0016
250 0.016 0.0009 1000 0.028 0.0012 4000 0.048 0.0016
300 0.017 0.0009 1200 0.030 0.0013 4250 0.049 0.0017

V 350 0.018 0.0009 1400 0.032 0.0013 4500 0.051 0.0017
400 0.019 0.0010 1600 0.033 0.0013 4750 0.052 0.0017
450 0.020 0.00 10 1800 0.035 0.001 4 5000 0.053 0.0017
500 0.021 0.0010 2000 0.037 0.0014 5500 0.055 0.0018
550 0.022 0.0010 2200 0.038 0.0014 6000 0.057 0.0018
600 0.023 0.0011 2400 0.039 0.0015 6500 0.059 0.0018

V 650 0.023 0.0011 2600 0.041 0.0015 7000 0.060 0.0019
700 0.024 0.0011 2800 0.042 0.0015 7500 0.062 0.0019

V 750 0.025 0.0011 3000 0.043 0.0015
V 800 0.025 0.0011 3200 0.044 0.0016

V Tabulated values are determined by the following equations :

C1 
= 1.75 x io~~ (NG)°~

40°
V 

C2 
= 2.52 x 10 (N G)°~

226

where NG is the number of gates.

Note: This table appl ies to both static and dynamic operation devices.

V 

4
II V
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TABLE 2.1.5-19. C1 AND C,, CIRCUIT COMPLEXITY FAILURE RATES FOR BIPOLAR
RAMs IN )

~A I-LURES PER 10
6 HOURS

Bit Complexity C1 C2

V 16 0.011 0.0002

32 0.01 6 0.0003
— . 

64 0 .024 0.0004 . 
V

128 0.036 0.0006

256 0.054 0.0009

320 0.061 0.0010

512 0.080 0.0013

576 0.086 0.0014

1024 0.119 0.001 9

2048 0.178 0.0027

2560 0.202 0.0031

4096 0.265 0.0040

8192 0.395 0.0059

9216 0.423 0.0063

16,384 0 589 0 0086 / ~Tabulated values are determined by the fol l owing equations :

C 1 = 2.2 x 10~~ (B) °~
576

C2 4.0 x 10~~ (B)°554

where B is the number of bits (< 16,384)

50
I
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TABLE 2.1.5—20. C1 AND C2, CIRCUIT COMPLEXITY FAILURE RATES FOR MOS RAMS
If~ FAILURE PER lOb HOURS

V _______________________

Dynamic Static

Bit Complexity C1 C2 C1 C2 —

16 0.003 0.00015 0.004 0.00022 V

V 
32 0.004 0.00023 0.006 0.00033

64 0.006 0.00034 0.009 0.0005 
V

V 
~~ 

128 0.010 0.0005 0.01 4 0.0008

256 0.015 0.0008 0.022 0.0012

320 0.017 0.0009 0.026 0.0013

512 0.022 0.0012 0.035 0.0018

1024 Q.O34 0.001 7 0.055 0.0027
I

2048 0.052 0.0026 0.087 0.0042

2560 0.060 0.0030 0.101 0.0048

4096 0.080 0.0039 0.137 0.0063
V 

8192 0.122 0.0058 0.216 0.0097

9216 
— 

0.131 0.0063 0.233 0.0104

16,384 0.186 0.0088 0.339 0.015 
—

32,768 0.284 0.013 0.533 0.022 
V

— 

65,536 0.434 0.020 0.838 0.034

Tabulated values are determined by the following equations:

Dynamic RAMs C1 = 5.0 x 10~
4 (B) 0

~
610 C2 = 3.0 x lO~

5(B)0 585

Static RAMS C1 = 6.0 x l0 4 (B) 0 653 C2 = 4.0 x l0 5(B)0~
609

where B Is the number of bits (<65 ,536)

51
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TABLE 2.1.5-21. C1 AND C2 DEVICE COMPLEXITY FAILURE RATES FOR ROMs
AND PROMs IN FAILURES PER 106 HOURS

Bipolar MOS

V 

Bit Complexity C1 C2 C
1 

C2

16 0.0026 0.00013 0.0039 0.00020 —

32 0.0034 0.00017 0.0052 0.00026 
—

64 0.0044 0.00022 0.0070 0.00035 
—

128 0.0058 0.00028 0.0094 0.00046 
—

256 0.0076 0.00037 0.013 0.00060

320 0.0083 0.0004 0.014 0.00066

512 0.010 0.0005 0.017 0.0008

1024 0.01 3 0.0006 0.023 0.0010

2048 0.017 0.0008 0.031 0.0014

2560 0.018 0.0009 0.034 0.0015

4096 0.022 0.0010 0.041 0.001 8

8192 0.029 0.0014 0.055 0.0024

9216 0.030 0.001 4 0.058 0.0025

16,384 0.038 0.0018 0.074 0.0032

32 ,768 0.050 0.0023 0.100 0.0042 41
65 ,536 0.065 0.0030 0.134 0.0055 V V ~~~~

Tabulated values are determined from the following equations : j

4 Bipolar C1 = 8.8 x lO 4(B) 0~
388 C2 = 4.5 x 10 5 (B) 0.378

MOS C 1 = 1.2 x lO 3 (B) °~
425 C2 = 6.6 x l0 5(B)°399

where B Is  the number of bits (< 65,536)

52
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TABLE 2.1.5-22. RON AND PROM PROGRAMMING TECHNIQUE FACTORS

Dev ice
V 

Type Technology Programming Technique ‘PT
Bipolar Metal Mask 1.0

ROM
- MOS Metal Mask 1.0 -

V 

NiCr or T IW Links Equation 1 (below)

PROM Bipolar Polysilicon Links 1.0

Shorted Junction (AIM) 1.0

MOS UV and Electrically Erasa ble Equat ion 2 (below)

Equation 1: For Bipolar PROMs uti li zing NiCr or TIW Links :
= 0.985 + 9.5 x lO (B)

where B is the number of bIts .

Equation 2: For MOS PROMs , both V UV and Electrically Erasable: V

‘PT = 0.950 + 7.5 x 10 5(B)

where B Is the number of bits .
V 
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TABLE 2.1.5-23. C3, PACKAGE COMPLEXITY FAILURE RATES IN FAILURES PER 106 V

HOURS

_________  

Package Type V

Number Of Hermetic DIPs Hermeti c DIPS
Functional with Solder or with Nonhermetic Hermetic Hermeti c

Pins Weld Seal Glass Seal DIPS Flatpacks Cans

3 -- -- -- -- 0.0003

V 4 -- -- -- 0.0004 0.0005
V 6 0.0019 0.0013 0.0018 0.0008 0.0011 

V

V 8 0.0026 0.0021 0.0026 0.0013 0.0020
10 0.0034 0.0029 0.0034 0.0020 0.0031
12 0.0041 0.0038 0.0043 0.0028 0.0044
14 0.0048 0.0048 0.0051 0.0037 0.0060 1

16 0.0056 0.0059 0.0061 0.0047 0.0079 V

V 

18 0.0064 0.0071 0.0070 0.0058 --
V 

22 0.008 0.010 0.009 0.008 --

24 0.009 0.011 0.010 0.010 --

28 0.010 0.014 0.012 -- --

36 0.013 0.020 0.016 -- --

40 0.015 0.024 0.019 -- -- V

64 0.025 0.048 0.033 -- --

The tabulated values are determined by the followi ng equations : V

HermetIc DIPS wi th solder or weld seals C3 
= 2.8 x lO _4

(N~)LOB -

Hermetic DIPS wi th glass seals C3 
= 9.0 x lO 5 (N~) 1

~
51

NonhermetIc DIPS C3 = 2.0 x l0 (Np) 
V

Hermetic Flatpacks C3 = 3.0 x 1O 5 (N~)182

V Hermetic Cans C3 = 3.0 x iO 5 (N~) 2
~
°1 

V~~~ V

where:

V N~ is the number of functional package Pins.

54
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TABLE 2.1.5-26: GATE COUNT FOR MICROPROCESSOR INTEGRATED CIRCUITS

Commercial M385l0/ Number Complexity Factors
Type XXXXX Technology Of Gates Cl C2

1802A 47001 CMOS 1375 0.032 0.0013
V - 29O1A 44001 LSTTL 537 0.036 0.0018

V 3850 N/A NMOS 3530 0.046 0.0016
V 3851 N/A NMOS 1623 0.034 0.0013

V 6800 40001 NMOS 1300 0.031 0.0013
V 

8080A 42001 NMOS 1100 0.029 0.0012

- - 
8085 N/A NMOS 2067 0.037 0.0014
9900 46001 IlL 3100 0.086 0.0030

10800 N/A ECL 350 0.029 0.0016
Z-80 N/A NMOS 2833 0.042 0.0015

General Guidel ines for Random Logic LSI Gate Count Determination

IV 1. Using vendors logic diagram, count the number of logic gates. For VV 

devices employing flip-flops use the following estimates:

T-Type and D-Type - 6 gates
RS-Type and JK-Type - 8 gates

- 2. Where logic diagram is unavailable use device transistor count to
determine gate counts using the following approximations:

Bipolar: No. Transistors +2.5
CMOS: No. Transistors + 3.75
Other MOS: No. Transistors ÷ 3.0

I ‘-
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Section 6

EVALUATION OF PROPOSED MODELS

Prior to the preliminary model development activities several sets of V
field experience data entries were segregated from the complex microcircuit
reliability data resources. These data entries were not employed during the
1aodel development , as they were intended to be used in the model validation
activities to demonstrate that the proposed models are accurate for data
points other than those employed in the model development. The data points
were selected to represent a majority of the possible model parameter condi—
tions.

V 
The data entries are presented, along with observed and predicted failure

L rate values, by the following categories:

Table 7. BIpolar RAN and Shift Register Data

Table 8. MOS Dynamic RAM and Shift Register Data

Table 9. MOS Static RAM and Shift Register Data

Table 10. RON and PROM Data

Table 11. Raindom Logic LSI Data.

The data entries in each of the Tables present a summary of the model
f parameter conditions, the total number of device hours and failures, and the

60% Chi—square confidence interval and point estimate failure rates, and
predicted failure rate values calculated using MIL—HDBK—217B (including Notice V
II, dated 17 March 1978) and the proposed models .

In addition to the tabulated data, the correlation between the observed
failure rates and the predicted failures calculated using MIL—NDBK—217B and V

I - the proposed models are presented graphically for each of the data sets in
V figures 3 through 12.

In each of the observed vs. MIL—HDBK—217B predicted failure rate graphs,
the data points are almost exclusively situated in the predicted—greater—than—
observed failure rate regions. This condition indicated that the failure rate
predictions calculated using MIL—HDBK—217B are generally pessimistic with 

V

respect to actual experiences. It should be noted that the MIL—HDBK—217B pre—
dictions were calculated using the modified complexity factor values as pre—
sented in Notice II. Predictions calculated employing the complexity factors -

~~~~

presented in Notice I resulted in even more pessimistic values. :~
The graphs presenting the proposed model predicted vs. observed failure 

V

V:1

rates illustrate extremely good correlation in each case. The test entries in -
V

each of the data sets are positioned directly on or very close to the pre—
dicted—equal—to—observed failure rate lines, demonstrating extremely good V

model accuracy. ~
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V Section 7

CONCLUSION S AND RECO~~iENDATIONS

1 A comparison of the failure rate predictions calculated using MIL—}WBK—
217B, Notice II, and actual observed failure rates for LSI random logic and
memory devices did not indicate a reasonable correlation between these values.

V An analysis of the 2l7B models revealed that the degree of correlation was
attributable to the generic consolidation of model parameters, which ulti-
mately reduced model sensitivity to several critical reliability factors. It

V p was found that the model accuracy could be greatly improved, without sub—
stantially increasing model complexity, by dividing each of the generic para-
meters into a set of more detailed parameters, thereby more adequately re-
flecting the variation of the reliability sensitive attributes within each

V parameter.

The major model revisions included:
V 

. Development of complexity factors for :

— Bipolar RAMs and Shif t Registers

— MOS Dynamic RAMs and Shif t Registers

V — MOS Static RAMs and Shift Registers

- Bipolar ROMs and PROMs

- 

— MOS ROMs and PROMs

V 
— Bipolar Random Logic LSI V

- 
— MOS Random Logic LSI. 

V

V V V

Development of temperature factors for each device technology, in
both hermetic and nonhermetic packages. V

V V 
. Introduction of an additive package failure rate factor based upon

V 

package type and number of functional package pins.

Introduction of a voltage derating stress factor for CMOS devices V

with maximum recommended opera ting supply voltage greater than 12
volts.

V ., V
~1

Introduction of a RON and PROM programming technique factor to re—
fleet the influence of the programming mechanism employed in these

V devices.

-4V_ a  I - - -— V~~ V ~~~~~~~~~~ — -- V _ V_ -~~~~~
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Modification of device quality factors.

V 
. Modification of application environment factors.

V 
The models proposed in this study possess all those qualities common to

V practical reliability assessment techniques. The expressions are relatively
V simple and allow for consideration of evolving fabrication techniques, or 

V 
V V

emerging technologies, through the modification of the temperature factors.
The factors exhibit the appropriate discriminations against the device design
and usage attribute8 which contribute to known failure mechanisms. Addition— 

- 

V

ally, each of the models, as illustrated in Section 6, demonstrates reasonable
accuracy over the total range of parameters considered in these techniques. 

-
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APPENDIX 1 
V

PROPOSED MODEL SAMPLE CALCULATIONS

EX AMPLE ONE

Description: An 8192 bit N—channel MOS UV—EPROM in a Ground, Fixed appli-
cation, junction temperature of 55°C, procured to vendor
equivalent B—2 quality level, in a ceramic/metal DIP , 24
pin.

From Section 2.1.4.2:

~ 
itQ ~

ClnTnVitpT + (C
2 
+ C

3
)it
E~

Table 2.1.5—1 Quality Level B—2; = 6.5

Table 2.1.5—2 Ground, Fixed Environment; = 2.5

Table 2.1.5—3 NMOS, Hermetic Package; corresponding to IT
TTable 2.1.5—7; 

~T 
0.71

V Table 2.1.5—13 it = 1.0
V

Table 2.1.5—21 8192 bits; C
1 

= 0.055, C2 = 0.0024

V Table 2 .1 .5—22 from equation 2 7TPT = 1.56

Table 2.1.5—23 24 pin Hermetic DIP solder seal; C3 = 0.009
V 

~~ 
A~, = 6.5 {(O.055)O.7 1(l.O) (l.56) + (0.0024 + O.0O9)2.5 }

A = 6.5 0.061 + O.029}

A = 0.59/10
6 
hours. 

V .

p

EXAMPLE TWO .::~
Description Device type M38510/01801 is being used in an airborne in—

habited , transpor t environment at 55°C ambient temperature. 
V

•~~~~ V 
The device is procured as quality level B—2 and has been
in continuous production. The device Is in a hermetic
C—DIP package.

The type number shows that the device is included in 
V

MIL—M—38510, descr ibed in slash sheet 18, type 01. The
device Is fabricated using TTL digital bipolar technology .
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Table 2.1.5—25 shows a 100 g3te complexity for this device.
V Since the device complexity is equal to 100 gates, the V V

V random logic LSI digital model in Section 2.1.3 applies. V

V The failure rate equation is:

A = itQ ~
Cl

it
T
wV 

+ (C
2 + C3

)itE~ 
j V

Table 2.1.5—1 Quality Level B—2; 6.5 
-

Table 2.1.5—2 Airborne, Inhabited, Transport Environment, = 4.0

Table 2.1.5—3 TTh, Hermetic Package; corresponding to it
T 
Table 2.1.54 - 

V

V T
A
=55°C 

V

T
C

T
A

+ T R
55 + 2O 75°C

5 = T~ + ~~~ ~~inax 
= ~s + 30(0.77) = 98°C 

V

from Table 2.1.5—4; = 2.2 i
Table 2.1.5—13 = 1.0

Table 2.1.5—17 100 gate complexity; C1 
0.015, C2 

= 0.0012

Table 2.1.5—23 16 pin hermetic DIP, glass seal; C
3 

= 0.0059 
V

A = 6.5 ~ (O.Ol5)2.2(1.O) + (0.0012 + O.0059)4.O}

A = 6.5 0.033 + 0.028 -

p 0

A = 0.40/106 hrs .
p .4

-

V •VI V

V -~~~~

V 
VV~~~~

— - 
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2.1.1 Monol Ithic Bi polar and MOS Digital SSI/MSI Devices
(less than 100 gates).

- = itQ {ci~~~v + (C
2 

+ c3)~E}

V where :

- 
is the device failure rate in F/106 Hours
is the quality factor, Table 2.1.5-1

V i s the temperature accelera tion factor , based on technology
(Table 2.1.5— 3) and is found in Tables 2.1.5.4 thru
2.1.5-12 -~ V

V is the voltage derating stress factor , Table 2.1.5—13 -!
1T

E 
Is the application environment factor , Tabl e 2.1 .5-2

V C1 & C~, are the circuit complexity failure rates based uponV 

gath count and are found in Tabl es 2.1 .5-14 and 2.1 .5-15. 
V

V (See Tables 2.1 ,5-24 and 2.1.5-25 for gate count determination)

- C3 is the package complexity failure rate, Table 2.1 .5-23.

V 4 .
~ V

V.:V
V~~

UI

I 

— —  

~~~~~~~~~~~ 

V —VV_
1 (~~~~~~~~~~~~

:V
VV ~ V _ V _ V~V5aV :~~ ~~~~~~~~~~~~~~~~~~~~~~ 

V 
~~~~~~~~~~~~~ V~ V 
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V~~~~

2.1.2 MOflOi (thi~ Bipolar and MOS Linear Devices 
V

= it
Q 

+ (C2 +

where :

is the device failure rate in Ff106 Hours
1T
Q 

is the quality factor, Table 2.1.5-1
is the temperature acceleration factor, based on technology
(Table 2.1.5-3) and is found in Tables 2.1.5.4 thru
2.1.5-12

V is the vol tage derating stress factor , Table 2.1.5-13
is the application environment factor, Table 2.1.5—2

V C1 & C are circuit complexity failure rates based upon transistor
V 

cou~t and are found in Table 2.1.5-16
C3 is the package complexity failure rate, Table 2.1 .5-23.
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TABLE 2.1.5-14. C1 AND C2, CIRCUIT COMPLEXITY FAILURE RATES FOR B IPOLAR
SSI/MSI DEVICES IN FAILURES PER 106 HOURS

No. No. No.
Gates C1 C2 Gates C1 C2 Gates C~ C2

1 0.0007 0.0002 22 0.0056 0.0007 44 0.0089 0.0009
2 0.0012 0.0003 24 0.0060 0 .0007 46 0.0091 0.0009

L 4 0.0019 0.0004 26 0.0063 0.0007 48 0.0094 0.0009
6 0.0024 0.0004 28 0.0066 0.0007 50 0.0097 0.0009
8 0.0029 0.0005 30 0.0069 0.0008 55 0.0103 0.0009
10 0.0034 0.0005 32 0.0072 0.0008 60 0.0109 0.0010
12 0.0038 0.0005 34 0.0075 0.0008 65 0.0115 0.0010
14 0.0042 0.0006 36 0.0078 0.0008 70 0.012 0.0010
16 0.0046 0.0006 38 0.0081 0.0008 80 0.01 3 0.001 1
18 0.0050 0.0006 40 0.0083 0.0008 90 0.014 0.0011
20 0.0053 0.0007 42 0.0086 0.0009 99 0.01 5 0.0012

Tabulated values are derived from the following equations :

C1 
= 7.48 x 1O~~ (NG)°~

654

C2 = 2.19 x l0~~ (NG)°~
364

where NG is the number of gates .
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TABLE 2.1.5-15. Ci AND C2, CIRCUIT COMPLEXITY FAILURE RATES FOR MOS
SSI/MSI DEVICES IN FAILURES PER 106 HOURS

No. No. No.ates C1 C2 Gates C1 C2 Gates C1

1 0.0022 0.0003 22 0.0065 0.0005 44 0.0084 0.0006
2 0.0028 0.0004 24 0.0067 0.0005 46 0.0085 0.0006
4 0.0036 0.0004 26 0.0069 0.0006 48 0.0086 0.0006

V 6 0.0041 0.0004 28 0.0071 0.0006 50 0.0088 0.0006
8 0.0046 0.0005 30 0.0073 0.0006 55 0.0091 0.0006

10 0.0049 0.0005 32 0.0075 0.0006 60 0.0094 0.0006
V 12 0.0053 0.0005 34 0.0076 0.0006 65 0.0096 0.0007 V

14 0.0057 0.0005 36 0.0078 0.0006 70 0.010 0.0007
16 0.0058 0.0005 38 0.0080 0.0006 80 0.010 0.0007
18 0.0061 0.0005 40 0.0081 0.0006 90 0.011 0.0007
20 0.0063 0.0005 42 0.0082 0.0006 99 0.011 0.0007

Tabulated values are derived from the following equations :

V C1 
= 2.17 x 10~~ (N

G)
O 357

C2 
= 3.11 x 10~~ (NG )°

~~
78

V where N G is the number of gates .

V V 
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V
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TABLE 2.1.5-16. Cl AND C2, CIRCUIT COMPLEXITY FAILURE RATES FOR LINEAR
DEVICE S IN FAILURES PER 106 HOURS

No . No. No .
Tr ans. C 1 C2 Trans . C1 C2 Trans . C1
4 0.0046 0.0017 64 0.040 0.0074 148 0.077 0.0116
8 0.0079 0.0024 68 0.042 0.0076 156 0.081 0.0119

V 
- 12 0.011 0.0030 72 0.044 0.0079 164 0.084 0.0122

16 0.014 0.0035 76 0.046 0.0081 172 0.087 0.0126
20 0.016 0.0040 80 0.048 0.0083 180 0.090 0.0129
24 0.019 0.0044 84 0.050 0.0086 188 0.093 0.0132

V 
28 0.021 0.0048 88 0.052 0.0088 196 0.096 0.0135

- 32 0.023 0.0051 92 0.053 0.0090 204 0.099 0.0138
36 0.026 0.0054 96 0.055 0.0092 220 0.105 0.0143
40 0.028 0.0058 100 0.057 0.0094 236 0.111 0.0149

- 44 0.030 0.0061 108 0.061 0.0098 252 0.117 0.01 54
V 48 0.032 0.0063 116 0.064 0.0102 268 0.123 0.01 59

52 0.034 0.0066 124 0.067 0.01 05 284 0.129 0.01 64
V 56 0.036 0.0069 132 0.071 0.0109 300 0.134 0.0169
V 60 0.038 0.0072 140 0.074 0.0113

p
The tabulated values are derived from the following equations:

C1 
= 1.57 x l0~~ (N1)°~

780

I 

C
2 

= 8.00 x 10~~ (N
1)
°’535

where NT is the number of transistors .
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TABLE 2.1.5—24. GATE, BIT & TRANSISTOR COUNT FOR CO~~fERCIAL
V TYPE INTEGRATED CIRCUITS AND CROSS-REFERENCE TO MIL-M-385] .0 TYPE

Cominercia]. M38510/ No. Commercial M385] .O/ No.
Type ~O0OCX Trans . Type XJ000C Gates

LINEAR C)L)S

V 710 10301 9 4021A 05704 55
1 71]. 10302 18 4022A 05604 39

V 

723 10201 20 4023A 05003 3
741 10101 23 4024A 05605 81

0 747 10102 46 V 4025A 05204 3
V DTL No. 4027A 05102 30

V ___________________________ Gates 4030& 05303 4
4031A 05705 263

- 930 03001 2 4041A 05505 12
932 03101 2 4049A 05503 6
933 03105 2 N?.OS RAM No.

V 935 03002 6 
_________________________ 

BITS
- 936 03003 6

940 03002 6 4050 23501 4096
944 03102 2 C!V~DS No.
945 03301 8 ___________________________ Gates

V 

946 03004 4 a

948 03302 8 4050A 05504 V 6 
V

950 03303 8 TTL
951 03201 6
957 03103 4 5400 00104 4
958 03104 4 5401 00107 4
962 03005 3 5402 0040]. 4

C CMDS 5403 00109 4
5404 00105 6

V 

4000A 05201 3 5405 00108 6 V

400))~ 05202 4 5406 00801 6
4002A 05203 2 5407 00803 6
4006A 05701 109 5408 01601 4

V 4007A 05301 3 5409 01602 4
4008& 05401 58 5410 00103 3 V

4009A 05501 6 5412 00106 3 V
V 

4010A 05502 6 5413 15101 2
4011A 05001 6 5414 15102 6

V 4012A 05002 5 5416 00802 6
4013A 05101 24 5417 00804 6
4014A 05702 55 5420 00102 2

V 4015A 05703 58 5423 00402 2 V

V 40].7A 05601 47 5425 00403 2
4018A 05602 57 5426 00805 4
4019A 05302 12 5427 00404 3
4020A 05603 132 5430 00101 1
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TABLE 2.1 5—24.. GATE, BIT & TRANSISTOR COUNT FOR COMMERCIAL TYPE
INTEGRATED CIRCUITS AND CROSS-REFERENCE TO MIL-M-38510 TYPE ( CONT ’ D)

Coninercia]. M38510/ No. Coninercial M38510/ No.
V 

Type X)OCC( Gates Type )OOC~OC Gates

TTL V V TTL V

5437 00302 4 8250 15204 15
5438 00303 4 8251 15205 18
5440 00301 2 8252 15206 18
5442 01001 18 1)11 . .

5443 01002 18V 

5444 01003 18 9093 03304 16
5445 01004 18 TTL
5446 01006 44
5447 01007 44 9300 15901 40

V 

5448 01008 37 9301 15206 18
V 5449 01009 34 9304 00603 22

5450 00501 6 9308* 01503 56
5451 00502 6 9309 01404 16
5453 00503 5 9311* 15201 25
5454 00504 5 9312 01402 17
5470 00206 U 9314 01504 26
5472 00201 8 9317 15802 46
5473 00202 16 9321 15801 18
5474 00205 12 9322 01405 19
5475 01501 24 9324 15002 32
5476 00204 16 9328 15902 72
5477 01502 24 9334 16001 59
547~ 00207 12 9338 15701 98
5482 00601 21 9341* 01101 63 4

V 5483 00602 36 9342 01102 19
5485 15001 31 9382 00601 21 V

5486 0070] 4 938 3 00602 36 •5490 0130’? 15 9601 01204 8
5492 01301 26 9602 01205 14
5493 01302 25 No.

V 5495 00901 37 LINEAR Trans . V

V 5496 00902 39 —

V No. 9614 10403 40
BIPOLAR PROM BITS 9615 10404 35 V e

No. V

5531 23001 256 
— 

ECL Gates
No.

V s LINEAR Trans. 10501 06001 4
10502 06002 4

7831 10406 60 10505 06003 3 V

7832 13407 60 10506 06004 3
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TABLE 2. 1.5—24 . GATE, BIT & TRANSISTOR COUNT FOR CO1~Q~ERC LAL TYPE
INTEGRATED CIRCUITS AND CROSS-REFERENCE TO ~CL-M-3831O TYPE ( CONT’D)

Con~ eroia1 M38510/ No. Coix~ ercia1 M38510/ No.
Type .‘CCCOC Gatee Type .1000CC Trane .

ECL LINEAR
4

10507 06005 3 55107 10401 29
10509 06006 2 55108 10402 25
10531 06101 24 55113 10405 46
10535 06104 24 55114 10403 40

k 10576 06103 42 55115 10404 35
• 10631 06102 24 No.

TTL TTL HIGH SPEED Gates
• 

~
• ¶1

54107 00203 16 541100 02304 4
54116* 01503 56 541101 02306 4
54121 01201 8 541104 02305 6
54122 01202 10 541108 15501 4
54123 01203 20 541110 02303 3
54125 15301 4 541111 15502 3
54126 15302 4 541120 02302 2
54132 15103 4 541121 15503 2
54145 01005 18 54H22 02307 2
54150* 01401 26 541130 02301 1
54151 01406 17 541140 02401 2
54153 01403 16 541150 04001 6
54154* 15201 25 541151 04002 6
54155 15202 15 541153 04003 5

4 54156 15203 15 541154 04004 5
54157 01405 19 541155 04005 3
54160 01303 60 541172 02201 8
54161 01306 57 541173 02202 16
34162 01305 60 541174 02203 12
54163 01304 58 541176 02204 16
54164 00903 36 5411101 02205 10

• 54165 00904 62 54~1103 02206 12
54170 01801 100 ~ETL L~~ P~~ER
54174 01701 36
54175 01702 24 54L00 02004 4
54180 01901 14 54L01 02006 4
54181* 01101 63 54L02 02701 4

) 54182 01102 19 54L03 02006 4
54192 01308 50 54L04 02005 6

• 54193 01309 48 54L10 02003 3
4. 54194 00905 47 54120 02002 2

- 54195 00906 41 54L30 02001 1
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TABLE 2.1.5—24. GATE, BIT & TRANSISTOR COUNT FOR CO)4ERCLAL TYPE
INTEGRATED CIRCUITS AND CROSS-REFERENCE TO MIL-M48510 TYPE ( CONT ’ D)

Con~ erciai. M38510/ No. Conøner cial M38510/ No.
Type XJ000C Gates Type )0000C Gates

1~rI~ LOW POWER LOW P~ VER SCHOTIT( T1’L

54L42 02901 18 541.538 30203 4
54143 02902 18 541.540 30201 2
54L44 02903 18 541.542 ‘30703 18
54146 02904 44 541.547 30704 44
54147 02905 44 541.551 30401 6
54L51 04101 6 541.554 30402 5
54154 04102 5 54LS73 30101 16
54L55 04103 3 541.574 30102 12
54L71 02101 8 541.575 31601 24
54L72 02102 8 541.583k 31201 36
54L73 02103 14 541.585 31101 31
54L74 02105 12 541.586 30502 4
54L78 02104 16 541.590 31501 15
54186 02601 4 541.593 31502 25
54190 02501 15 541.595 30603 3?
54193 02502 25 541.596 30604 39
54L95 02801 37 5418107 30108 16
54L121 04201 8 541.5109 30109 16
54L122 04202 10 541.5112 30103 16
54L164 02802 36 541.5113 30104 16
541.1.93 02503 48 541.5114 30105 16

~~~OW POWE R SCHOTI’KY TTh 541.5123 31401 20
541.5132 31303 4

91.55]. 30401 6 541.5138 30701 16
91.554 30402 5 541.5139 30702 18
541.500 30001 4 541.5151 30901 17
541.502 30301 4 541.5153 30902 16
541.503 30002 4 541.5157 30903 19
541.504 30003 6 541.5158 30904 15
541.505 30004 6 541.5160 31503 60
541.508 31004 4 541.5161 31504 57
541.510 30005 3 541.5164 30605 36

• 541.511 31001 3 541.5168 31505 63
541812 30006 3 541.5169 31506 60• 541.513 31301 2 541.5174 30106 36• 541.514 31002 6 541.5175 30107 24
541.515 31002 3 541.5181* 30801 63
541.520 3000? 2 541.5192 3150? 50
541321 31003 2 541.5193 31508 484 541822 30008 2 5418194 30601 47
541.527 30302 3 541.5195 30602 41
541.530 30009 1 5418221 31402 16

• 541832 30501 4 54L.S251 30905 17
541.537 30202 4 541.5253 30908 16 3 H
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TABLE 2.1.5- 24 . GATE , BIT & TRANSISTOR COUNT FOR COMMERC IAL TYPE
INTEGRATE D CIRCUITS AND CROSS-REFERENCE TO MIL—M-38510 TYPE ( CONT ’D)

Commercial M38510/ No. Commercial M38510/ No.
Type )000C Gates Type XX)O0C Gates

LOW POWER SCHOTIICY TTL TTL LOW POWER

541.5257 30906 15 93L00 u28O4 40
541.3258 30907 15 • 93101 02907 13
54Ls266 30303 4 93LO 8* 04502 60
541.5279 31602 8 93LO9 04601 16 -

•
• 54LS283 31202 36 93L10 02504 38

541.8295 30606 48 93112 04602 17
541.5395 30607 48 93L14 04501 30

SCHOTT KY TTL 93L16 02505 58
93L].8 04301 24

54800 07001 4 93L22 04603 19
54802 07301 4 93L24 04401 27
54803 07002 4 93L28 02803 72

‘ 
54804 07003 6 No.

• 54805 07004 6 BIPOLAR PROM BITS• 54810 07005 3 HYPROM512 20101 512
54811 08001 3 1M5603A 20201 1024
54815 08002 3 1M5623 20202 1024
54320 07006 2 No.
54822 07007 2 LINEAR Trans
54830 07008 1 th2lOlA 10105 42
54840 07201 2 LH21O8A 10106 58
54851 07401 6 L?~flO1A 10103 21
54864 07402 5 U~flO2 10601 19
54865 07403 5 LM1O6 10303 13 4
54874 07101 12 LM1O8A 10104 29
54885 08201 31 LM1O9 10701 19

~~ 54886 07501 4 L~fllO 10602 19
548112 O’7102 16 LM111 10304 23

548114 07104 16 121723 10201 20 - 
-

-

548113 07103 16 LM118 10107 36

548133 07009 1 No. - •

BIPOLAR PROM BITS• 5~~IZO 081D1 2 MCM5303 20101 512
~~ 548151 07901 17 !v~M53O4 20102 512

-; 548153 07902 16 No. 
- 

-

~I.S157 07903 15 LINEAR Trans .
548158 07904 15 Mi0026 03501 18
548174 07105 36
548175 07106 24
548251 07905 17
548257 07906 15 ~ • : -

548258 07907 15
- TTL LOW POWERp 76L42A 02906 18

. 
- %L70 02805 36
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TABLE 2.1.3-25. GATE, BIT & TRANSISTOR COUNT FOR )~ L-M-38510
INTEGRAT ED CIRCUITS AND CROSS-REFERENCE TO COWERCIAL T’iPE

M38510/ Cc~~eroia1 No. M38510/ Coi~~ercia1 No.
— ~0COOC Type Gates ~CC2OOC Type Gates

rrL •rrL
00101 5430 1 01001 5442 18
00102 5420 2 01002 5443 18
00103 5410 3 01003 5444 18
00104 5400 4 01004 5445 18
00105 5404 6 01005 54145 18
00106 5412 3 01006 5146 44
0010? 5401 4 01007 5447 44
00108 5403 6 01008 51,48 37
00109 5403 4 01009 5449 34
00201 5472 2.0 01101* 54181 63

• 00202 5473 20 9341 63
• • 00203 54107 20 01102 54182 2.9

00204 5476 20 9342 2.9
00205 5474 1.2 01201 54121 8
00206 5470 11 01202 54122 10
0020? 3479 12 01203 54123 20
00301 5440 2 01204 9601 8
00302 5437 4 01205 9602 14
00303 5438 4 01301 5492 26
00401 5402 4 01302 5493 25
00402 5423 

- 2 01303 54160 60
• 00403 5425 2 01304 34163 58

00404 5427 3 01305 54162 60
00501 5450 6 01306 54161 57
00502 5451 6 0130? 5490 15
00503 5453 5 01308 54192 50
00504 5454 5 30109 543.93 48
00601 5482 2] . 01401* 54150 26

9382 21 01402 9312 17
00602 ~483 36 01403 54153 2.6

9383 36 01404 9309 16
00603 9304 22 01405 9322 19
00701 5486 4 5415? 19
00801 5406 6 01406 54152. 17 •

00802 5416 6 01501 5475 • 24
00803 5407 6 01502 5477 24
00804 5417 6 01503* 9308 56
00805 5426 4 54116 36
00901 5495 37 01504 9314 264 . 00902 5496 39 01601 5408 4
00903 54164 36 01602 5409 4
00904 54165 62 01701 54174 36

-t 00905 54194 47 01702 54175 24
00906 54195 41 01801 543.70 100
________________________ — 01901 34180 14

I
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TABLE 2.1.5—25 . GATE, BIT & TRANSISTOR COUNT FOR MIL—M-38510
INTEGRATED CIRCUITS AND CR038-REFERENCE TO COMMERCIAL TYPE ( CON T’D)

M385].0/ Commercial No. M38510/ Commercial No.
)0000C Type Gates ~O0O0C Type Gates

TTL LOW POWER DTL
02001 54L30 1 03001 930 2
02002 541.20 2 03002 935 & 940 6
02003 54110 3 03003 9% 6

• 02004 54L00 4 03004 946 4
02005 54L04 6 03005 962 3
02006 54L01 4 03101 932 2

54L03 4 03102 944 2
02101 54L7). 8 03103 957 4
02102 54L72 8 03104 958 4

• 02103 54173 14 03105 933 2
02104 54L78 16 03201 951 6
02105 54L74 12 03301 945 8

• TTL RI~~I SPEED 03302 948 8
02201 54H72 8 03303 950 8
02202 54H73 16 03304 9093 16
02203 54H74 12 No.
02204 541176 16 LINEAR Trans

t 02205 5411101 10 03501 ?&10026 iS
02206 54H103 12 No.• 02301 541130 1 TTL RI~~1 SPEED Gates
~2302 541120 2 04001 541150 6 a
02303 541110 3 04002 541151 6
02304 541100 4 04003 541153 5
02305 541104 6 04004 541154 5• 02306 541101 4 04005 541155 3
02307 541122 2 TTL LOW POWER
02401 541140 2 04101 54L51 6

a TTL LOW POWER 04102 54L54
02501 54190 15 04103 54L55 3
02502 54L93 25 04201 54L121 8
02503 541193 48 04202 54L122 10
02504 931.10 38 04301 93118 24
02505 93116 58 04401 93L24 27
02601 34L86 4 04501 931,14 30
02701 54102 4 04502* 93L08 60
02801 54L95 37 04601 93L09 16
02802 541164 36 04602 93L12 17

• 02803 93128 72 04603 931.22 19
02804 93100 40 C}~DS
02805 76L70 36 05001 4011k 6
02901 541,42 18 05002 4012k 5
02902 54L43 18 05003 4023k 3
02903 541.44 18 05101 4013A 24
02904 541,46 44 05102 4027A 30
02905 54147 44 05201. 4000k 3
02906 761.42k 18 05202 4001k 4
02907 93L01 

— — 
2.8 05203 4002k 2
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TABLE 2.1.5—25. GATE, BIT & TRANSISTOR COUNT FOR MIL—U—38510
INTEGRATED CIRCUITS AND CROSS-REFERENCE TO C0I~~ RCIAL TYPE ( cONT’D)

• M38510/ Commercial No. M3851O/ Commercial No.
• XXX)O( Type Gates XJOCCX Type Gates

CIADS SCHOTTKY TTL
05204 4U~~ A 3 0’7105 548174 36
05301 4007k 3 07106 548175 24
05302 4019k 12 07201 54340 2
05303 4030k 4 07301 54S02 4
os’~i. 4008A 58 07401 54851 6
05501 4009k 6 07402 54864 5
05502 4010k 6 07403 54865 5
05503 4049k 6 07501 54386 4
05504 4050k 6 07502 543135 8
05505 4041k 12 07901 543151 17

• 05601 4017A 47 07902 548153 16
05602 4018k 57 07903 543157 15
05603 4020A 132 07904 548158 15
05604 4022k 39 07905 548251 17
05605 4024A 81 07906 548257 15
05701 4006k 109 07907 548258 15
05702 4014k 55 08001 54311 3
05703 4015A 58 08002 54315 3
05704 4021k 55 08101 548140 2
05705 4031k 263 08201 54885 31

ECL LINEAR No.
06001 10501 4 ________________________ Trans.
06002 • 10502 4 10101 742. 23
06003 10505 3 10102 747 46
06004 10506 3 10103 U~U.01A 21
06005 10507 3 10104 T2~fl08A. 29

• 06006 10509 2 10105 LH21O 1A 42
06101 10531 24 10106 LH21O8A 58
06102 10631 24 10107 LW..18 36
06103 10576 42 10201 723 20 ‘ • -

06104 10535 24 10301 710 9
SCHOTFK’f flL 10302 711 18

07001 54800 4 10303 LMLO6 13• 07002 54803 4 10304 U~fl.11 23
• 07003 54804 6 10401 • 55107 29 1

07004 54805 6 10402 55108 25
07005 54810 3 10403 9614 40
07006 54320 2 55114 40
07007 54822 2 10404 9615 35 •*~ 

-

-a 07008 54830 / 1 55115 35
07009 548133 1 10405 55113 46F - - 07010 548134 1 10406 7831 60
07101 54374 12 10407 7832 60 -

•

07102 548112 16 10601 LMLO2 19• 07103 548113 16 10602 11~C.1O 19
07104 548114 16 10701 12.1109 19

94
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TABLE 2.1.5—25. GATE , BIT & TRANSISTOR COUNT FOR MIL-M-38510 

•• 
~ INTEGRATE D CIRCUITS AND CROSS-REFERENCE TO COMMERCIAL TYPE ( CONT ’ D)

t.(38510/ Commercial No. M38510/ Commercial No.
2000CC Type Gates 2000CC Type Gates

TTL LOW POWER SCHOTTKY TTL
• 15001 5485 31 30008 541.822 2

15002 9324 32 30009 541.330 1
15101 5413 2 30101 541 573 16
15102 5414 6 30102 541.374 12

• 15103 54132 4 30103 541.5112 16
15201* 54154 25 30104 541.3113 16

9311 25 30105 541.3114 16
15202 54155 15 30106 541.3174 36
15203 54156 15 30107 541.8175 24
15204 -8250 15 30108 541.5107 20
15205 8251 18 30109 541.9109 16
15206 8252 18 30201 541.840 2

9301 18 30202 541.537 4
15301 54125 4 30203 541.338 4
15302 54126 4 30301 541.302 4

TTL HI~~1 SPEED 30302 541.327 3
15501 541108 4 30303 541.3266 4
15502 541111 3 30401 91.351 6
15503 541121 2 541.351 6

• TTL 30402 91.354 5
15701 9338 98 541.554 5
15801 9321 18 30501 541.332 4• 15802 9317 46 30502 541.386 4r 15901 9300 40 30601 541.3194 47
15902 9328 72 30602 541.3195 4].
16001 9334 — 59 30603 541.395 37

81k’OLA.K F1(OM No. Bits 30604 54LS96 39
20101 MYPROM512 512 30605 541.3164 36

MCM5303 512 30606 541.5295 48
20102 ItTh1 53O4 512 30607 541.3395 48 H
20201 1M5603k 1024 30701 541.3138 16
20202 11(3623 1024 30702 541.8139 18
23001 5531 256 30703 541.342 18

NW)S RAM 30704 541.347 44
23501 4050 4096 30801* 541.8181 63 ~d• No. 30901 541.5151 14 -

~ ~~~
-

LOW POWER SCHOTTKY TTh Gates 30902 541.3153 16 “

30001 541.300 4 30903 541.5157 15 4,
3~D02 541303 4 30904 541.52.58 15
30003 541304 6 30905 541.9251 17
30004 541.905 6 30906 5413257 15

• 30005 541310 3 30907 541.3258 15
30006 541312 3 30908 541.3253 16• 30007 541.520 2 31001 541.311 3

• 95
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TABLE 2.1.5—25. GATE, BIT & TRANSISTOR COUNT FOR MIL—}L-38 510
INTEGRATED CIRCUITS AND CROSS-REFERENCE TO CO)1~ ERCI.AL TYPE ( C0NT ’D)

1(38510/ Commercial No.
2000CC Type Gates

LOW POWER SCH0Th~~ TTL
31002 541315 3
31003 541.821 2
31004 541SO~ 4

• 31101 541.585 31
31201 541383k 36
31202 541.3283 36
31301 541.313 2
31302 541.314 6
31303 541.3132 4
31401 541.8123 20
31402 541.5221 16
31501 541.590 15
31502 541.593 25
31503 5413160 60
31504 541316]. 57
31505 541.5168 63
31506 541.3169 60
31507 541.5192 50
31508 541.3193 48
31601 541375 24• 31602 541.8279 8 

—
a

lit..
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