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ABSTRACT

This report summarizes analyses on the non-operating
reliability of missile materiel. Long term non-operating
data has been analyzed together with accelerated storage
life test data. Reliability prediction models have been
developed for various classes of devices.

This report is a result of a program whose objective is
the development of nor-operating (storage) reliability pre-
diction and assurance techniques for missile materiel. The
analysis results will be used by U. S. Army personnel and
contractors in evaluating current missile programs and in
the design of future missile systems.

The storage reliability research program consists of
a country wide data survey and collection eZfort, accelerated
testing, special test programs and development of a non-
operating reliability data bank at the U. 'S. Army Missile
Command, Redstone Arsenal, Alabama. The Army plans a con-
tinuing effort to maintain the data bank and analysis reports.

For more information, contact:

Commandex

U. S. Army Missile Command

ATTN: DRSMI-QSD, Mr. C. R. Provence
Building 4500

Redstone Arsenal, AL 35809 '
Autoven 746-3235 z
or (205) 876-3235
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; f 6.2-1 MIL-HDBK-217B Operatjonal Failure Rate Model 6.2-5
Foo for Paper & Plastic Film Capacitors =-65°C Max,
; Rated (MIL-C-14157, Style CPV(07 and MIL-C-
N 19978, style €Q08, 09, 12, 13 ~-Characteristic P)
E 6.2-1a

Equivalent Temperature Increase for Effects of 6.2-6
B~ AC or Pulses for Paper & Plastic Film Capacitors

A (applicable to MIL-C-14157 & MIL-C-19978, Chars.

E, K, M & Q; MIL~C-39022, all styles)

B, 6.2-1b Basic Restriction on Use of Paper & Plastic 6.2~6
e Film Capacitors in AC applicaticns (applicable

3 only to MIL-C-14157 & MIL-C-19978, Chars. E, K,

M & Q; MIL-C-39022, all styles)

) 6.7-2 MIL-HDBK-217B Operational Failure Rate Model 6.2-7
) for Paper and Plastic Film Capacitors -85°C Max
B Rated (MIL-C-14157, Style CPV17; MIL-C~3%022,

Style CHR09 (50 volt rated), CH R39 & 49; MIL-

C-19978, Style CQ08, 09, 12, 13, chars. M, CQ 72
chars. E, COR 32 & 33)
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E ] 6.2-3 MIL-HDBK-217B Operational Failure Rate Model for 6.2-8

Paper and Plastic Film Capacitors -125°C Max
Rated (MIL~C-39022, Style CHR09 (above 50 volt
rated) , CHRO1l, 12, 19, 29 & 59; MIL-C-19978,

F Style CQO08, 09, 12, 13, 20, 72 - chars. K, CQO06
s & 07-chars. Q, CQRO1, 07, 09, 12, 13, 19, 39, &

E - 42)

e 6.2-4 MIL-HDBK-217B Operational Failure Rate Model 6.2-9
3 for Mica Capacitors {MIL-C-5, Style CM (molded)

3 and MIL-C-39001, Style CMR (dipped)

MIL-HDBK-217B Operational Failure Rate Model 6.2-10
for Button Mica Capacitors (MIL-C-10950,

: Style CB)

£ 5.2-6 MIL-HDBK-217B Operational Failure Rate Model 6.2-11
3 for Glass Capacitors (MIL-C-23269, Style CYR)

4 6.2~7

6.2-5

MIL-HDBK-217B Operational Failure Rate Model 6.2~-12
for Ceramic (General Purpose) Capacitors -85°C

Max Rated (MIL-C-~11015, ‘A' rated temperature;
MIL-C-39014, Style CKR 13, 48, 64 & 72)

6.2-8 MIL-HDBK-217B Operational Failure Rate Model 6.2-13
for Ceramic (General Purpose) =-125°C Max Rated
(MIL-C-11015, 'B' rated temperature; MIL-C-
% 39014, Styles CKRO5-12, 14-16, 17-19, 73 & 74}
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FIGURE PAGE NO. {j |
6.2-9 MIL-~-HDBK-217B Operational Failure Rate Model 6.2-14

for Ceramic (General Purpose) - 150°C Max
Rated (MIL~-C-11015, 'C' rated temperature)

6.2-10 MIL-HDBK-217B Operational Failure Rate Model 6.2-15 '
for Ceramic, Temperature Compensating Capaci-
tors (MIL-C-20, Style CC)

6.2-11 MIL-EDBK-217B Operational Failure Rate Model 6.2-16
for Tantalum Electrolytic (Solid) Capacitors
(MIL-C~39003, Style CSR)

6.2-12 MIL~-HDBK-217B Operaticnal Failure Rate Model - 6.2-~17
for Tantalum Electrolytic (Non-Sclid) Capa-
citors (MIL-C-39006, Style CLR and MIL-C-3965,
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Style CL) :

6.2-13 MIL~HDBK-217B Operational Failure Rate Model 6.2-18
for Aluminum Electrolytic Capacitors (MIL~-C-
39018, Style CU (Aluminum Oxide))

6.2-14 MIL-HDBK-217B Operational Failure Rate Model 6.2-19
for Aluminum Dry Electrolytic Capacitors
(MIL-C-62)

6.2-15 MIL~HDBK-217B Operational Failure Rate Model 6.2-20
for Variable Ceramic Capacitors (MIL-C-81)

6.2-16 MIL-HDBK-217R Operational Failure Rate Model 6.2-21

for Variable, Piston Type (Tubular Trimmer)
Capacitors (MIL-C-14409)

7.2-1 MIL-HDBK-217B Operational Failure Rate Model 7.2=5
for MIL-T-27, Transformers and Inductors
(Audio, Power & Hi Power Pulse) and MIL-C-
15305, Coils, Radio Frequency

7.2-2 MIL-HDBK-217B Operational Failure Rate Model 7.2-6
for MIL-T-21038, Transformers, Pulse, Low
Power
7.2-3 Pover Loss and Radiating Area Known: Estimate 7.2-10
Average Temp'.rature-Rise (Step 13)
7.2-4 Power Loss and Case Symbol Known: Estimate 7.2-11
Average Temperature-Rise (Step 1B) ) .
7.2-5 Power Loss and Weight Known: Estimate Average 7.2-12 !
Temperature-Rise (Step 1C) .
7.2-6 Power Input and Weight Known: Estimate Average 7.2~13
Temperature-Rise (Based on 80 percent efficiency)
(Step 1D)
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3 3
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1.0 INTRODUCTION

1.1 Missile Reliability Cbnsiderations.

Materiel in the Army inventory must withstand long
periods of storage and "laﬁnch ready"” non-activated or dor-
mant time as well as perform operationally in severe launch
and flight environments. In addition to the stress of tem-
perature soaks and aging, they must often endure the abuse of
frequent transportation and handling and the climatic extremes
of the forvord area battlefield environment. -

Misgiles spend the majority of the time in this non-
operating environment. In newer missile systems, complexity
is increasing significantly, longer service lives are being
required, and periodic maintenance and checkouts are being
xaduced. The combination of these factors places great im- l
portance on selecting missile materiels which are capable of
performing reliably in each of the environments.

The inclusion of storage reliability requirements in
the initial system specifications has also placed an impor-
tance on maintaining non-operating re.iability prediction
data for evaluating the design and mechanization of new éystems.

1.2 Storage heliability Research Program .

An extensive effort is being conducted by the U. S. Army .
Missile Command to provide detailed analyses of missile ;
materiel and to generate reliability prediction data. A '
missile material reliability parts count prediction handbook,
LC-7é-1, has been developed and provides the current pre- :
diction data resulting from this effort. n

This report provides a sunmary of the analyses per-
formed under the storage reliability research program and
background information for the predictions in IC-76-1.
Included are summaries of real time and test data, failure
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modes. and mechianisms, and conclusions and recomnrendations
R resulting from analysis of the data. These recommendations
i& include special dezign, packaging 2nd product assurance data
and information on specific part type - and part construction.
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Fbr'a number of the part types, detailed analysis {;)
reports are algso available, These reports present details
on part construction, failure modes and mechanisms, parameter"
drift and aging trends, applications, and other considerations
for the selection of materi€l and reliability prediction of
nissile systems.

The U. S. ‘Army Missile Command also maintains a Storage
Reliability Data Bank. This data bank consists of a com-
puterized data base with generic part storage reliability data
2nd a storage reliability report library containing avajilable
research and test reports of non-operating reliability re-
search efforts. '

For the operational data contained in this report, the :
user should refer to the following sources: MIL-HDBK-2173, 3
Military Standardization Eandbook, Reliability Prediction of ;
Electronic Equipment; Reliability Analysis Center (RAC) Micro- 1
circuit Generic Failure Rates; RADC~TR-£9-458, Revision to i
the Nonelectronic Reliability Handbook; and the Government-

Industry'Data Exchange Program (GIDE?) Summaries of Failure
Rate Data.

1.3 _Missile Environments
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A missile system may be subjected to various modes of
transportation and handling, temperature soaks, climatic
extremes, and activated test time and "launch ready” time

o

in addition to a controlled storage environment. Some studies
have been performed on missile systems to measure these en-
vironments. A sﬁmmary of several studies is presented in
Report BR-7811, "The Environmental Conditions Experienced by
Rockets and Missiles in Storage, Transit and Operations"
Prepared by the Raytheon Company, dated December 1973.

In this report, skin temperatures of missiles in con-
tainers were recorded in dump (or open) storage at a maxi~
mum of 165°F (74°C) and a minimum of -44°F (~42°C).
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In non-
earth covered bunkers temperatures have been measured at a

L
maximum of 116°F (47°C) to a minimum of -31°F (-35°C). 1In ~-
earth covered bunkers, temperatures have been measured at
a maximum of 103°F (39°C) to a minimum of 23°F.(-5°C).
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. Acceleration extremes during transportation have been
{w* measurxred for track, rail, aircraft and ship transporxtation.
Up to 7 G's at 300 hertz have been measured on trucks; 1 G
at 300 hertz by rail; 7 G's at 1100 hertz on aircraft; and
i G at 70 hertz on shipboard.
‘Maximum shcck stresses for truck transportation have
been measured at 10 G's and by rail at 300 G's.
Although field data does not record these levels, where
available, the type and approximate character of storage and
transportation are identified and used to classify the devices.
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1.4 System Level 2nalysis )
. The primary effort in the Storage Reliability Research
Program is on analysis of the non-operating characteristics

: of parts. In the data collection effort, however,

; has been made available on system characteristics.

This data indicates that a reliability prediction for

the system based on part level data will not accurately pro-

ject maintenance actions if the missile is checked and main-

tained periocdically. Factors contributing to tbis disparity

_ include test equipment reliability, design problems, and
general handling problems.

some data
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In many cases, these problems are
assigned to the system and not reflected in the part level

analysis.
In general, a factor of 2 should be multiplied by the
device failure rate t> obtain the maintenance rate.
system examples are described below:
1.4.1 System A
For, system A, a check of 874 missiles ian the field in-~
dicates 142 failed missiles. These failed missiles were taken
to a maintenance facility. At the maintenance facility, no
fault could be found in 51 of the missiles. Two missiles
faults were corrected by adjustments. This left 89 failures
which could be attributed to part failure.

Three

The parts were
fazilure analyzed and the analysis indicated 19 failures to

be a result of electrical overstress.
designated design problems.

Therefore only 70 (49%) of the original 142 failures
were designated as non-operating part failures.
: 1.4.2 System B ' '
- For system B, 26 missilc failures were analyzed. Of
these no fault was found in 2 missiles; adjustments were re-
guired for 2; external electrical overstress or handling

These fallures were
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to 1, and component failures were assigned to 11. {
1.4.3 Gyro Assemblies b

é
!
{i damage was found in 10; a circuit design problem was assigiaed
!
!
!
¥

An analysis of gyro assembly creturns indicated that two
thirds of “he return: were attributed to design defects,
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mishandling; conditions outside design requirements, and to
exroneous attribution of system problems.

Tiherefore, only 33 percent of the returns vere designated
as non-operating part failures.
1.5 Limitations of Reliability Prediction

Practical limitations are placed in any reliability
analysis effort in gathering and analyzing data. Field
data is generated at various levels ¢f detail and reported in
varying manners. Often data on environments, applications,
part classes and part construction are not available. Even
more often, failure analyses are non-existant. Data on low
use devices and new technology devices is also difficult to
obtain. Finally in the storage environment, the very low
occurrence of failures in many devices requires extensive
storage time to generate any meaningful statistics.

Thes. difficulties lead to prediction of conservative or
pessimistic failure rates. The user may review the existing
data in the backup analyses reports in any case where design
or progrém decision is necessary.

1.6 Life Cycle Reliability Prediction Modeling

Developing missile reliability predictions requires

several tasks. The first tasks include defining the system,

its mission, environments and life cycle operation or de-
ployment scenario.

The system and mission definitions provide the basis
for constructing reliability success models.:- The modeling
can incorporate reliability block diagrams, truth tables
and logic diagrams. Descriptions of these methods are not
included here but can be studied in detail in MIL-HDBK-217B
oxr other texts listed in the bibliography.

After the reliability success modeling is completed,
reliability life cycle prediction modaeling for each block
Or unit in the success model is performed based on the defi-
nitions of the system environment and deployment scenario.
This reliability life cycle madeling is based on a "wooden
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round'-concept in order to assess the nissile's capability
of performing in a no-maintenance envirconment. The general
equation for this modeling is:

Rre = Rosu ¥ Bgpor * Rppsr® Rpp/p * Rrgso x R, X Ry
where: .

Rc is the unit's life cycle reliability

RT/H is the unit's reliability during handling and
transportation

RSTOR is the reliability durigg storage

Ropsp is the unit's reliability during check out and
test

RLR/D is the wnit's reliability during dorrant launch
ready time

RLR/O is the unit's reliability during operational

(>10% electronic stress) launch reacy time
Ry, is the unit's reliability during powered launch
.and flight .
Rp is the unit's r:liability during unpowered flight

The extent of the data to date does not provide a cap-
ability of separately estimating the reliability of trans-
portation and storage for missile materiel. Also data has
indicated no difference between dormant (>0 and <10% electri-
cal stress) and non-cperating time. Therefore, the general
equation can be s;mplified as follows:

=13Lc(t)_= BNO(tNOJ x Rb(to) x RL(tL) x RF(QF)

" whexes: R&o is the unit's reliability during transpoxtation
P and handling, storage and dormant time (non-
operating time)

o is the sum of all non-vperating and dormant time

Ro is the unit's reliability during checkout, test
ox system exercise during which components have
electrical power applied (operating).
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is the sum of all operating time excluding launch
and flight '

is the unit's reliability during powered launch,
and flight (Propulsion System Active)

o

tL is the powered launch and flight time

RF is the unit's reliability during unpowered flight
. to is the unpowered flight time o

t is the sun of tNO' to, tL and tF

The values RNO' RO’ RF are calculated using several
methods. The primary method is to assume exponential distri-
butions as follows:

s e oo
Ry (t,) e 0%
R(E) =e L
Rt = e ptr

The failure rates ‘no! AO’ AL and \p are calculated from
the models in the following sections. Ao
the non-operating failure rate models. The remaining failure
rates are calculated frcm the operational failure rate models
using the appropriate environmental adjustment factors. Each
prediction model is based on part stress factors which may in-
clude part guality, complexity, construction, derating, and other

characteristics of the device.

is calculated from

Other methods fcr calculating the reliability include
wearout or aging reliability models and e¢yclic or cne shot
reliability models. Foxr cach of these cases, the device sec~
tion will specify the method for cvalculating the reliability.

1-7
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1.7 Reliability Predictions During Early Design

i Frequently during early design phases, reliability pre-

% dictions ave required with an insufficient system definition £

% to utilize the stress level failure rate models., Therefore, %

% a "parts count" prediction technique has been prepared. It %
provides average base failure rates for various part types %
and provides K factors for various phases of t. » system de- %
ployment scenario to generate a first estimate of system re- ﬁ
liability. This prediction is presented in Report LC-76-1. §
1.8 Summary of Report Contents %

he

The report is divided into five volumes whic.: break out
major component or part classifications: Volume ., Electrical
and Electronic Devices; Volume IXI, Electrcmechanic:.l Devices;
Volume III, Hydraulic and Pneumatic Devices; ‘Volume IV,
Ordnance Devices; and Volume V, Optical and Electro Optical

Devices. Table 1-1 provides a listing of the major part types

included in each volume.
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TABLE 1-1., REPORT CONTENTS

Volume X Electrical and Electronic Devices

%% Section
: | 2.0 Microelectronic Devices :
: 3.0 Dbiscrete Semiconductor Devices. 3
X 4.0 Electronic Vacuum Tubes 3
! 5.0 Resistors ! §
;| 6.0 Capacitors P
3 7.0 Inductive Devices . : 3
: 8.0 Crystals A
) ] . 9.0 Batteries E
‘ 10.0 Connectors and Connections 3
t 11.0 Printed Wiring Boards %
i% Volume XII Electromechanical Davices g
- Section §
; 2.0 Gyros 2
§ 3.0 Accelerometexs 3
- 4.0 Switches
! 5.0 Relays 3
: 6.0 Transducers 3
: . 7.0 Hi Speed Motors . £
& " 8. Synchros and Resolvers §
Volume IXIXI Hydraulic and Pneumatic Devices %
f Section ) ' g
t ]
4 2.0 Vvalves 3
4 3.0. Accumulators :
4 4.0 Actuators . ]
3 5.0 Pumps 3
4 6.0 Cylinders z
2 7.0 Compressors k
; 8.0 'Filters g
a 9.0 Gaskets and Seals ' .
3 ,10.0 Bearings P
| 11.9 Regulators : 3
ki
=L Volume IV Ordnance Devices -
ki Section
23 : 2.0 Solid Propellant Motors
F 3. Igniters and Safe and Arm Devices
A3 4. Solid Propellant Gas Generators
: 5.

0
0
0 Misc. Ordnance Devices
v

L Volunme Optical and Electro Optical Devicr s
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2.0 Microelectronic Devices and Interconnections

Microelectronic devices have and continue to undergo a
rapid development in design, materials, processes, screening and
qualification procedures. Data applicable to one device may be
significantly different from ancther device performing a similar
function. This is a result of materials, processes, etc., and is
particularly significant in the hybrid area. Based on the failure
mechanism analysis, a detailed categorization of these devices
will ke necessary to assess assurance procedures to improve the
storage reliability.

2.2 Monolithic Microelectronic Storage Reliability Analysis

Monolithic refers to a one chip device. They can be of the
bipolar or MOS (metal oxide semiconductor) variety. The term
bipolar refers to the two polarities of carriers that exist in the
device. Both holes and electrons are essential for operation.

MOS devices are "unipolar" since only one type of a carrier is
used. For P channel MOS, the carriers are "holes" while. electrons
are the carriers for n-channel MOS. ) ‘

Another distinction arises from the differing location of
active regions. Bipoiar devices are "bulk" devices. The active
region is the base, several microns beneath the surface between
the emmitter and the collector. MOS devices are "surface effect"
devices. Their active region consists of a channel that is in-
duced at the silicon/silicon-dioxide interface.

Because of the difference in construction and operation be-
tween b igolar and MOS devices, they are treated separately in
this anaiysis.

Microelectronic device reliability depends primarily upon
construction; process control, screening, qualification; and use
characteristics. A review of the literature was performed to
identify these characteristics which are listed in Table 2.1-1.

For convenience, device construction was broken into seven
major areas: Bulk materiel and diffusion, oxide; metallization:;
glassivation; die bonding; chip connections; and packaging charac-
teristics. Each of these areas identified in Figure 2.1-1 were
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FIGURE 2.1-1. TYPICAL PLANAR MICROELECTRONIC
DEVICE CROSS SECTION
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analyzed for failure mechanisms which would be applicable in a
missile's use environment from acceptance into the inventory
to firing.

TABLE 2.1-1. DEVICE CLASSIFICATION

3

CONSTRUCTION r

_Die Properties
Oxide
Metallization
Glassivation
Die Bond

Chip Connection
Package

N

-y

DEVICE LEVEL PRODUCT ASSURANCE

MXL-STD-883 Quality Level
Screens

Quality Conformance Inspection
Process Controls

ASSEMBLY AND SYSTEM LEVEL PRODUCT ASSURANCE TESTS

COMPLEXITY

LOGIC TYPE

USE ENVIRONMENT !

Transportation and Handling
Temperature

Humidity

Storage Container & Location
Field Test Duration & Frequency
Derating

2.1.1 Failure Mechanisms ]

The mechanisms of failures affecting semiconductors are @
generally. the same regardless of the device type, however, the !
rate of occurrence varies between types. For this reason, the
failure mechanism discussion applies to all of the monolithic
device discussed ia the succeeding sections.

The failure mechanisms contributing to microelectronic de-
vice failures appear to be identical whether the device is
operational or in storage. The difference in the two environments

; ( is the frequency in which individual failure mechanisms occur. 1In
E general the mechanisms can be grouped into three categories:




1) Mechanisms for which failure occurrence is independent
of the application environment.

2) Mechanisms for which failure occurrence is dependent on
the application environment, and

3) Mechanisms for which the failure occurrence is time-
related and environment dependent.

The mechanis.is in group 1 are simply undetected defects
which passed through the screens such as improper diffusionmns,
oxide pinholes, etc. The rate of occurrence of these mechanisms
would be the same, whether the device was applied in an operational
or a storage environment. The only difference would be the time at
which the mechanism was detected.

The mechanisms in group 2 are defects which do not fail the
device immediately. For example, bond and metallization defects
which progress to failure due to temperature or mechanical stress.

The third group of mechanisms are similar to group 2, ex-
cept they are more time dependent. Examples are metal migration,
intermetallic compound formations, corrosion, etc.

The mechanisms in groups 2 and 3 are dependent on environment
and occur at different rates depending on whether the device is
operational or dormant. In most cases, the storage environment
is more benign than the operating environment.

In considering both operational and storage failure rates,
the complexity of the device is important. The greater number of
circuits on a given substrate area increases the temperature at
which the devices are subjented and also requires greater process
contrel in the production. The diffusions, metallization patterns
and interconnections are very critical in a high density device.

In the operational environment, the rate of occurrence of
particular failure mechanisms has differed between Bipolar Digital
devices and Bipolar Linear and MOS devices. The major problem
areas in digital devices have been contamination and oxide, wire
bond and packaging defects. For Linear and MOS devices, contamina-
tion and metallization, die mount and oxide defects have been the

2.1-4
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the majbr problem areas. linear and MOS device failure rates
are higher than digital devices because of the circuit sensitivity
to surface, metallization and oxide defects.

Conversely, in the stcrage environment, analysis has indi-
cated that the rate of occurrence of particular failure mechanisms
is roughly the same between;bipolar digital and linear devices.
Insufficient data is available to make a storage assessment of

MOS devices.

Table 2.1-2 lists each failure mechanism with its acceleration
environment. These acceleration environments are the surrounding
conditions which can speed the defect or degradation to the point
of failure.

2.1.1.1 Bulk Materiel and Diffusion Characteristics
The primary reliability considerations in an operational H
environment associated with bulk phenomena are those which govern
temperature of the device during operation. Devices are generally
rated in terms of maximum allowable power dissipation. This powei
coupled with various thermal resistances and ambient temperature,
determines the junction temperature of the device. Steps must be
taken to mwaintain a controlled and wniform temperature since
device degradation and failure modes, in most cases, are accelerated
by increased temperature.
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For most devices, the power requirements are nct excessive
and junction temperatures are controlled by using suitable heat-
sink packages. For high-power devices, wafer design may include
junction-temperature control considerations to prevent localized
high currents and resultant "hot spot" forma:ion.

Bulk defects account for only a minor portion of the oper-
ational and storage failures. Primary areas of concern include
dislocations (crystal lattice anomalies); impurity diffusions and
precipitations; resistivity gradients; and cracks in the bulk
materiel. These defects usually result during crystal preparation
and are accelerated by mechanical, nuclear and thermal stresses.

The failure modes resulting from bulk defects include devia-
tions in voltage breakdown and other electrical characteristics;
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secondary breakdown or uncontrolled p-n-p-n switching; or opens ;
or shorts in the subsequent metallization. O 1 4

Diffusion def..cts account for appro:zimately 5 to 15% of
operational and storage failures. Other than those diffusion
problems associated with bu}k materiel defects, the primary area
of concern is the diffusion process itself. These include mask
alignment; contaminai:ion; mask defects; cracks in the oxide layer;
and improper doping profiles. Diffusions that are due to misalign-
ment of masks reduce the base and emitter or base and collector
junction spacings. Other faults include discontinuous isolation
diffusions and odd shapes or edges of diffusions. Diffusion de-
fects are primarily accelerated to failure by thermal cycling ard
high temperature. Principle failure modes resulting from diffusion
defects include deviations in device characteristics and shorts
between the emitter and base.
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2.1.1.2 Oxide Considerations

Junction passivation of silicon devices is generally accom-
plished by using thermally grown silicon dioxide (5102). Other
devices use phosphorcus pentoxide (P,0;) over the Si0, layer. Beam
Lead Sealed Junction (BLSJ) devices utilize a layer of silicon
nitride (Si3N4)'glass cdlevosited over the grown SiOz. Both P,0-
and Si3§4.overcoatings have been found to improve the surface sta-
bility of bipolar devices. These materials act as gettering agents
for scdium ions, thus making the contamination far less mobile.
The stability of the structural and electrical properties of the
oxide play an important: role in determining the electrical chaiac-
teristics and reliability of the passivated device.

Oxide defects are significant contributors to device failures.
Approximately 5 to 50% of operational failures are attributed to
these defects. Current data cn non-operating failures indicates ‘
that approximately 5 to 35% of stovage failures are attributable to
oxide defects. Primary areas of concern are pinholes, cracks, thin
oxide areas, and oxide contamination.
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.Pinholes can be caused by raulty oxide growth, a damaged
mask, poor photo resist or an undercut by the etching process.
They vary in depth and in the woxst case, expose the silicon
to the metallized interconnections. Where the pinhole or
metallization does not extegd completely to the surface of the
silicon, a time~dependent migration or low voltage breakdown
mechanism may occur. Where the oxide is overcoated with a second
layer, the frequency of pinhole defects decreases.

Oxide cracks occur as a result of the mismatch in the thermal
expansion rate of silicon and silicon dioxide. Diffusion of
metal to the silicon is then possible. Thin oxide and other oxide
difficiencies cause electrical breakdown in the surface passiva-
tion from the metal conductor to component areas in the silicon.
All of these defects lead to increased current leakages or shorts
from the metallization to diffusion areas or substrate.

Jonic impurities in the oxide may cause inversion layers,
channeling, and other related phenomena creating lower threshold
voltage. Ionic contamination is generally a significant contribu-
tor to total oxide charge. The ions are usually mobile and, by
drifting under the infiuence of an electric field, can cause
appreciable device parametervr insta@ility. Silicon nitride has been
shown to be an effective barrier to sodium migration. In Beam
Lead Sealed Junction (BLSJ) devices, the silicon nitride seals the
devices from sodium and since the platinum silicide and titanium
metals also offer very low mobility to the alkaline ions, the BLSJ .

is inert tc sodium.

. Inversion and.channeling phenomenon occurs only with an
electric field'pxesent. Bibolar linear and MOS devicsu are
affected by this phenomenon greater than bipolar digital devices.

2.1.1.3 Metallization Considerations

A rather large number of metallization systems have been used
on monclithic devices. The primary metals used have been aluminum,
melybdanum~gold, and titanium-platinum-gold.

2.1-7
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. Failures related to metallization defects range from 7 .
to 26% in operational devices and current storage data indicates (uj
approximately 15% of the failures related to metallization.

Aluminum metallization defects result from manufacturing
deficiencies and also from @echanisms inherent to the metel system.

Processing deficiencies which subsequently result in device
failures include thin metal layers, poocr metal-to-oxide adhesion
due to 0il or other impurities on the wafer, undercutting of Al
during etching of the metallization pattern, bridging of Al between
conductors due to unremoved photoresist, smears and scratches in
conductor stripes, misalignment of masks, insufficient deposition
at oxide steps, oxide steps too steep, incomplete removal of
oxide, etc.

These defects are accelerated to failure primarily by thermal
stresses and result in open and shorted conductors.

Mechanisms inherent to the aluminum metal system include
electromigration fofmation, aluminum silicon eutectic, and inter-
metallic compound formations with gold.

Many of the failure mechanisms observed in molyb~enum-gold
metallization systems can be attributed to processing problems.

These incluvde failures due to unsatisfactory adhesion of molybdenum
to the silicon dioxide and of the gold layer to the molybdenum

layer. These can be attributed to contamination of the surface

and oxidation of the molytkdenum layer prior to deposition of the gold.
Other processing problems include: molybdenum undercutting during
etching; scratches which expose the molybdenum to oxidation and sub-

sequent opens, and corrosion of molybdenum from impurities intro-
duced in the processing.
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Gold-silicon eutectics can occur if pinholes exist in the
molybdenum layer.

Failure mechanism data on Platinum Silicide-Titanium-
Platinum-Gold metallization systems is just becoming available.
Improved or eliminated failure modes include wire bond defects,
alkali ion contamination, metallization corrosion, and aluminum
migration. Possible failure mechanisms identified for these

2.1-8
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devices ‘are all due to processing deficiencies. They include pinhcles
in the silicon nitride; thin. silicon nitride; shorted metallization;
platinum migratioﬁ into the silicon; gold or titanium migration
resulting from thin platinum; and contamination.

2.1.1.4 Glassivation Considerations

Both silicon nitride and phosphosilicate glass overcoatings
have been found to greatly enhance the reliability of bipolar
digital devices. These glassivation materiels act as gettering
agents for sodium ions and when deposited over the total surface,
including the metallization, the materiel provides an excellent
protection against metallization scratches and loose particle
shorts.

Inversion and increased metal migration are two failure
mechanisms that have been reported caused by glassivation. These
new mechanisms are not fully understood but some causes have been
postulated.

The induced inversion formation may result from scme defects
or contamination in the oxide layer which allow high fields to
accumulate electronic charge over the underlying silicon. A poor
interface between the oxide and glass then allows lateral charge
movement along the interface. The lateral charge movement cen
induce inversion extensive enough to form a conducting channel which
can cause device instability.

The increased metal migration is not as well understood but
appears to be caused by the high pressure on thes metal between
the thermal and deposited glasses. Generally, the metal migration
ie associated with damage to the glass. Both aluminum and gold
migration have occurred through the damaged glass to the adjacent
conductor éausing device failure.

A third possible failure mechanism has been discussed where
condensation from any moisture in a package tends to concentrate on
2 crack in the glassivation, normally on the metal strips. This

tends to increase the susceptibility for metal corrosion along the
crack.
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é.l.l.S Die Bond Considerations ‘
"'Die boids provide mechanical support; in most cases,
electrical contact; and also provide the principle path by which L |
heat flows out of the silicon chip. Three techniques are in §
general use for attaching semiconductor devices to the package i
substrate: alloy mount, frit mount and epoxy mount. }
Low strength chip-to-header bonds have been reported to
result in approximately 2-7% of device failures, in both opera-
tional and storage environments.
The failure mechanisms include diffusion of the gcld into the
?f silicon producing void formations; brittle frit mounts resulting
k from impurities in the glass or improper firing cycles used for
devitrification; mechanical stresses in epoxies where the tem-
1 perature goes through the glass—transition temperature of the
- epoxy, and outgassing of organic materiel and separation of metal
particles due to incomplete curing of the epoxy.

2.1.1.6 Chip Connection Considerations

dod gl
Jma el

Device connections are created by connecting wire leads to
(ﬁ the dev@ce package; or through the use of beam lead or aluminum
{ bump techniques. Wire bonding is accomplished primarily by
thermocompression or by ultrasonic bonding technigues.
Wire bond defects are reported to account for 15 to 45%
of all device failures in an operational environment. Storage

or non-operating data currently indicates from 19 to 76% of all
device failures are bond related.
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The principle failure mechanisms are process deficiencies
including underbonding, overbonding, misaligned bonds, contaminated
bonding pads or wire, and wire nicks, cuts or abrasions.

Thermocompression bonding of aluminum wires has a history

of cracks at the heel of the bond, which later failed .under power
cycling.
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The gold wire bonding to aluminum metallization has been a
major concern in microelectronic devices. Intermetallic compound
formatinns between these two metals combined with the formation
of voids in the aluminum from the Kirkendall effect create high
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‘resistance oxr weakened and brittle bonds. . Forimation of the com-

pounds and voids is accelerated by thermal stresses. Design and
processing criteria have been developed to minimize the occurrence
of these formations. They include controlling the purity of the
gold and providing thinner,metallization at the bonding pad.

The aluminum wire bond to the gold header post has not
been a significant contributor tc device failures and is attributed
to two factors: 1) the ratio of aluminum to gold is small, and
2) the bonds are not exposed to the same temperature as the gold
wire to aiuminum bonds on the chip during operation.

Failure mechanism data on beam lead sealed junction device
bonding is limited. Procesning deficiencies would be expected to
be the primary problem, however, these are significantly reduced
since the chip connection is made in the beam forming process
which leaves only bonding of the beams to the header. All of the
bonds of a single device are made simultaneously.

2.1.1.7 Package Considerations

Bipolar digital devices are packaged in a variety of materials ‘
and configurations. These materiels include: metal, ceramic, '
glass, metal ceramic, epoxy, phenolic and other plastics. Package

configurations include cans, flatpacks, inline and dual inline.

Device failures attributed to package defects have been
reported from 8 to 28% of operational failures. 1In many cases of
failure reports, the resulting contamination and corrosion is
reported and not the seal defect. Special test programs on devices
have shown hermiticity problems to be substantial. '

Failure mechanisms besides the seal leaks are fractured
packages due to improper handling, loose solder balls formed in
sealing the package which later short conductors, current leakage
between leads from formation of lead from lead oxide in the glass,
broken or burnt external leads and improper marking. All of these
are process defects.
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2.1.1.8 Device Level Product Assurance
(N‘ The manufacturing controls and procurement methods for mili-
tary equipment are normally determined by the criticality of the
Gevice in the system and the uniqueness of the device. Procure-
ment specifications determjne, to a significant degree, the
reliability of the device in the field.
For standard devices in high volume production with established
‘reliability, the parts may be procured according to the specifica-
tions in MIL-STD-883 and MIL-M-38510 or equivalent manufacturer
specifications. The three quality levels defined in the military
specifications are:

Class "A" - Devices intended for use where maintenance
and replacement are extremely difficult or impossible, and re-
liability is imperative.

Class "B" ~ Devices intended for use where maintenance
and replacement can be performed, but are difficult and expensive,
and where reliability is imperative.
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o Class "C" - Devices intended for use where maintenance
and replacement can be readily accomplished and down time is not
a critical factor.

A Class "D" level has also been defined in this report to
identify the manufacturer's commercial quality le -el.
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2.1.2 . Monolithic Integrated Circinits Non-Operational Prediction
Models

The gecneral failure rate model for monolithic integrated
circuits is:
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where: Ap = device non-operating failure rate
n, = learning adjustment factor

nQ = quality adjustment factor

C, = temperature failure rate factor
C, = environment failure rate factor
I, = temperature adjustment factor

E environmental adjustment factor
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The values for each of these parameters are given in Figures
'"2/1-2 and 2.1-3 for Monolithic Bipolar SSI/MSI Digital and

Linear Devices. These devices have complexities less than 100 gates
(approximately 400 transistors). The model in Figure 2.1-2 applies
to devices containing aluminum metallization with aluminum inter-
connecting wires. Th. model in Figure 2.1-3 applies to devices con-
taining aluminum metallization with gold interconnecting wires. A
description of the parameters is given in the following sections.

No distinction is made in logic type or between complexity
levels within the SSI/MSI complexity range.

At present insufficient data is available for devices with
all gold systems including beam lead systems. Some data has shown
that gold beam lead systems have a lower failure rate than the
devices modeled. The model in Figure Z.1-2 can be uséd as.a:con-
servative prediction.

Data is insufficient at this tlme to develop mocdels for
Bipolar LSI, MOS and Memory devices.

2.£l2.i Learning Adjustment Factor, HL

RL adjusts the model for production conditions and controls

48

the conditions as defined in the figures for each device type:
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2.1.2.2 Quality Adjustment Factor,. ﬁQ

HQ accounts for effects of different quality levels as
defined in MIL-M-38510 and MIL-STD-883.

2.1.2:3 Temperature Adjustment Factor, Tep

T adjusts the model ‘for temperature acceleration factors.
Two models are applicable:

Ipy is applicable to Bipolar Digital and Linear
devices with aluminum metallization and
aluminum interconnecting wires.

. _ X

vhere x = -6544 ( T—$£77§" - 2%5)

Hop- is applicable to Bipolar Digital and Linear
devices with aluminum metallization and gold
interconnecting wires.

: - X

Iy = 0.1 e

1 N
T + 273 298

.where x = =-8121 (

In nTl and nTZ above, T is the ambient storage temperature
(°C) and e is natural logarithm base, 2.718.

\ ‘
2.1.2.4 Environmental Adjustment Factor, Ia

nE accounts for the influence of environmental factors other
than temperature.
Appendix.

Refer to the environment description in the

2.1.2,5 Temperature Factor, Cl

C1 is a constant and is the temperature component of the base
failure rate. Values are given in the figures.
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Values are given in the figures.
2.1-24
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c, is a constant and is the mechanical stress component

2.1.2.6 Mechanical Stress Factor,. C,

of the base failure
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2.1.3. : Non-operational Failure Rate Data

2,1.3.1 Bipclar Digital SSI/MSI Devices

(v. The failure rate models are based on a collection of data
which includes over 5 billion hours of storage or non-operating
field data with 132 device.failures. In addition, over 170 million

hours of high temperature storage life data was collected with 616
device failures reported.
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Storage data collected is summarized in tables 2.1-~3 through

This data is crganized in accordance to the metallization
and interconnection systems.

Data sources for this analysis were:

a) RADC-TR-73-248 report "Dormancy and Power Cn-~Off
Cycling Rffects on Electronic Equipment and Part
Reliability," August 1973
The Reliability Analysis Center Generic Failure Rate
Publication - December 1973 '

c) Sandia Corp. W68 Field Experience
d) Raytheon Improved Hawk Field Experience
e) Planning Research Corporation Data on Standby Devices

f) Special Test Data on the General Electric Site Defense
Program.

2.1-60

b)

S R R
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A first characterization of the storage or non-operating data
identified a definite correlation between the device failure rate

and the device quality and temperature. However, insufficient data

was available to determine the effect of a learning factor or an

application environment factor. The data on device complexity was

analyzed but no significant differences were noted between the

storage failure rate and the complexity of the device for SSI/MSI
devices.
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During the first characterization of the non-operating data, ;
the failure experience indicated a sufficient difference between
devices with aluminum metallization/aluminum wire systems and
aluminum metallization/gold wire systems to regquire segregation of
the data sets. This led to the segregation of data sets for other
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metallization/interconnection systems even though sufficient data
was not available to completely charzcterize them,

The initial data characterization divided the data into
several data sets with the prime category being metallization/
"interconnection systems; the first subcategory being quality level;
and the second subcategory being ambient temperature.

' Following this characterization several other potential
reliability factors were investigated. The results of the inves-
tigations indicated that no significant reliability difference
was apparent in the data for storage duration, logic type, or
package type. The data was insufficient to determine any factors
for the die attach method or glassivation.

Failure mechanisms for 28 of the 372 storage life test
failures of aluminum metallization/aluminum wire devices were re-
ported. In the aluminum metallization/gold wi.e case, failure
mechanisms for 155 of the 243 storage life test failures were
reported. The distributions of failure mechanisms for both alumi-
num and gold wire systems are shown in Table 2.1-7.

2.1.3.2 Bipolar Linear SSI/MSI Devices

The failure rate models are basea -.n a collection of data
which includes over 1.7 billion hours of storage or non-~operating
field data with 12 device failures reported. In addition over 39
million hours of high temperature storage life data was collected
wi+l: 87 device failures reported.

Storage data collected is summarized in Tables 2.1-8 and 2.1-9
depending on the metallization and interconnection systems used:
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Primary data sources include two missile procrams,
one special storage program and two reliability data banks.
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TABLE 2.1-3. MONOLITHIC BIPOLAR DIGITAL NON-OPERATING DATA
(ALUMINUM METALLIZATION, ALUMINUM WIRE)

QUALITY AMBIENT STORAGE NUMBER FAILURE RATE
LEVEL TEMPERATURE HOURS X 10 FATILED "IN FITS*
Class A 25-30°C 5,861.4 5 .85
22°C (Nitro~
gen Atmosp.) 1,071.2 0 (<.9)
1z5°C .113 0 (<8850.)
Class B 25-30°C 3,512.7 11 3.1
150°C .155 0 (<6452.)
259°C .009 2 222000.
Class C 25-30°C 2,103.0 8 3.8
125°C .4 0 (<2500.)
150°C 64.593 25 387.
180°¢C .11 0 (<9091.)
200°C 5.954 16 2687.
250°C 3.1 23 7420.
300°C 3.656 59 16136.
350°C 2.152 148 68760.
Class D 25-30°C 4.61 0 (<217.)
-~ i25°C 2,953 5 1693.
150°cC 42,207 39 924.
175°C 1.643 9 5479.
180°C .205 0 (<4878.)
200°C 6.472 3 463.
.300°C .788 43 54553.

TABIAE 2.1"40

MONOLITHIC BIPOLAR DIGITAL NON-OPERATING DATA
(ALUMINUM METALLIZATION, .GOLD WIRE)

QUALITY AMBIENT 5TORAGE 6 NUMBER FAILURERATE
LEVEL EMPERATURE HOURS X 10 FAILED IN FITS*

Class A 250°C .01 0 (<100000.)
300°C .01 0 (<100000.)
350°C .01 0 (<100000.)

Class B 25-30°C 2,604.11 77 30.

Class C 150°C 15.848 50 3155.
175°C .282 0 (<3546.)
200°C .758 9 11873.
250°C .315 13 41270.

Class D 25-30°C .268 0 (<3713.)
125°C .307 0 (<3257.)
150°C 16.875 25 1481.
180°cC .086 7 81112.
200°C .119 40 336417.
250°C .0638 99 1462000.

* Failures per Billion Hours

2.1-29
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TABLE 2.1-5. MONOLITHIC BIPOLAR DIGITAL NON~OFERATING DATA
’ (GOLD METALLIZATION, GOLD WIRE)

§
QUALITY AMBIENT STORAGE 6 NUMBER FAILURE RATE ~
LEVEL TEMPERATURE HOURS X 10 FAILED "IN FITS
Class B 25-30°C .354 0 (<2825.)
Class C 25-30°C 8.689 0 (<115.)
Class D ° 25-30°C 8.689 0 (<115.)

TABLE 2.1-6. MONOLITHIC BIPOLAR DIGITAL NON-OPERATING DATA
(GOLD BEAM SEALED JUNCTION)

s e TR BN S RASD R LR

QUALITY AMBIENT STORAGE 6 NUMBER FAILURE RATE
LEVEL TEMPERATURE HOURS X 10 FAILED IN FITS 3
Class B 150°cC .045 0 (<22200.) ]
Class D 150°C 2.41 0 (<415.} 7
200°C 2.13 1 469. f
300°C .062 0 (<16200.)

. TABLE 2,1~7. PRINCIPLE FAILURE MECHANISMS

o2 30 FAN T P AT

Aluminum Metallization, Aluminum Wire, Gold Post

Oxide Defects (318%)
Wire Bond (19%)
Diffusion Defects (16%)
Surface Inversion (13%)
Al-Au Post Bond (12&)
Die Bond (3%;
Lead Failures (6%)
Aluminum Metallization, Gold Wire, Gold Post
wWire Bond (76%)
Resistive Output (16%)
Oxide Defects (4%)
Die Bond (2%)
Wire Shore (2%)
Cracked Die (1%) ‘
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The initial data characterization divided the data into
several data sets with the prime category being metallization/
interconnection systems; the first subcategory being quality
level; and the second subcategory being ambient temperature.

No data was available, on gold metal system or beam lead
systems.

Compared to the bipolar digital device data, considerably
less data is available on the bipolar linear devices. A com-
parison of these two data sets indicated a close correlation.
Coefficients of correlation for the linear 2ata points to the
digital prediction models were calculated to be 0.899 for quality
class C and 0.933 for class D devices with aluminum metallization/
aluminum wire systems. Insufficient data points were available
on devices with aluminum metallization/gold wire systems to
estimate a correlation.

Based on this close correlation, a test of significance was
performed to determine whether therc was any significant difference
in the linear and digital data points. The test indicated no
significant difference and for the linear data a decision was made
to use the same Arrhenius functionr developed for the digital data
points.

Following the decision to use the digital prediction models,
data on storage duration, device function. package type, die
attach method and glassivation was analyzed for iinear devices and
for digital and linear devices combined to determine potential
reliability problems. The results of the investigation indicated
that no significant reliability difference was apparent for these
factors.

No data on failure mechanisms was available for the linear
devices in storage. Since the bipolar linear device construction
is identical to the digital device, no significant difference
would be anticipated. The primary operational failure modes for
linear devices which are not as predominant for digital devices
are drift and inversion phenomenon. The failure modes may be
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TABLE 2.1-8. MONOLITHIC BIPOLAR LINEAR NON-OPERATING DATA
(ALUMINUM METALLIZATION, ALUMINUM WIRE}

QUALITY AMBIENT STORAGE 6 NUMBER FAILURE RATE
LEVEL TEMPERATURE :HOURS X 10 FRILED " IN FiTS*
Class A 150°C .038 0 (<26316.)
Class B 25-30°C 556.266 2 3.59
150°C .076 0 (<13158.)
Class C i»>0°C 9.709 4 411.
180°C 7.959 0 (<126.)
200°C 3.034 1 330.
250°C .338 3 8876.
300°C «292 3 10274.
350°C .069 4 58309.
Class D lo00°C .010 0 (<100000.)
150°C 13.392 15 1120.
300°C .131 9 68702.
350°C .041 29 710784.
Class B-A 24°C-Ni- -289.966 1 3.45
trogen
Atmosphere

TABLE 2.1-9. MONOLITHIC BIPOLAR LINEAR NON-OPERATING DATA
(ALUMINUM METALLIZATION, GOLD WIRE)

QUALITY AMBIENT . STORAGE NUMBER FAXLURE:RATE

LEVEL _,TEMPERATURE HOURS X 106 FAILED IN FITS*
Class B 25°-30°C 114. 6 ) 53.
Class C 150°C 2.880 6 2083.
Class D 150°C . 896 4 4463.

TABLE 2.1-10. MONOLITHIC BIPOLAR LINEAR NON-OPERATING DATA
(METALLIZATION/WIRE TYPE UNKNOWN)

QUALITY AMBIENT STORAGE NUMBER FAILURE RATE

"~ LEVEL TEMPERATURE ' HOURS X 10® FAILED IN FITS*
Class A 25°-30°C 535.534 1 1.8¢
Class B 25°-30°C 235.534 2 8.49
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caused by ionic contamination or defects in the chip surface and
normally require a certain amount of coperational time for their
occurrence. Therefore, the bipolar linear device failure
mechanisms in storage would be similar to those reported for
digital devices which include oxide defects, failed wire bonds,
diffusion defects, failed d&e bonds and lead failures.,

2,1.3.3 . MOS SSI/MSI Devices

The data collected on MOS SSI/MSI Devices did not include
any field data but consisted of approximately 4 million hours of
high temperature storage life data with 81 device failures re-
ported.

Storage data collected is summarized in Table 2.l1-11.
Data is given Ly metallization/Interconnection Systems, quality
level, storage temperature and complexity.

Failure modes.or mechanisms for 35 of the storage life

test failures were reported. These modes and mechanisms are
listed in Table 2.1-12.

2.1.3.4 Bipolar & MOS LSI Devices

All data available on Bipolar and MOS LSI Devices was in-
cluded in the memory section. This included complex (larger
than dual 8-bit) static and dynamic shift registers. Smaller
shift registers were included in the Digital SSI/MSI models.

2.1.3.5 Memories

Data on two major categories of monolithic memories was
collected: random-access memories (RAMS) and read only memories
(ROMS). Complex (larger than dual 8-bit) static and dynamic shift
registers were included with the RAM data.

Data on RAMS consisted of 3 million hours of storage data
roughly equivalent to field storage with no failures reported.
In addition, approximately 5 million hours of high temperature
storage life data with 76 device failures was reported.

Data on ROMS consisted entirely of high temperature storage
life data with slightly more than 1 million hours and 25 failures

repocted.
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TABLE 2.1-11 (e
MOS SSI/MSI DEVICE NON-OPERATING DATA 3
) — P
Quality Level Ambient |Metal/Inter- Complex.}gart Stor.|No. of &ail.gate é
Temperature| conn. rs.x 107 |pailures| in Fits %
A 150°C Al/A1 ssI .015 0 (<66€47.) | 1
MSI .017 5 299401. B
D 125°C Al/al MSI .206 24 121654. é
1490°C Al/Al SSI .011 1 88889. | i
150°C Al/Al SSI 2.232 2 896. %
MSI .084 0 (€11905:) g
C 150°C Al/Au MSI .100 0 (<10000.)| 3
D 130°C Al/Au MSI .510 1 1961. | ¥
150°C Al/Au SSI .108 0 (<9259.)| 4
. MSI .242 1 4127. | i}
250°C Al/Au SSI .057 1l 17544. g
300°cC Al/Au SsY .110 15 136363. g
350°C Al/Au SSI . .062 3] 497592. g
TABLE 2.1-12 g
MOS SSI/MSI DEVICE REPORTED FAILURE MODES & MECHANISMS
No. Reported Mode or Mechanism ;
5 Drift :
10 Open
1l Short
1l Field Oxide Short
2 Cate Oxide Short
1 Lid Seal Defective
2 Al Wire Bond Defects
6 Au Ball Bond Defects
2 Al/Au Kirkendall Voids
1l Die Bond Defect
1l Resistive Junction
19 Contamination
2 Foreign Particles (.
§
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The storage data collect is summarized in Tables 2.1-13
through 2.1-15. Data is given “v quality level, storage tewm~
perature, complexity, metalliza.ion/interconnection system and
leogic type.

Failure modes or mechanisms for 55 of the storage life

test failures were reported. These modes and mechanisms are
listed in Table 2.1-16.
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TABLE 2.1-13.

RANDOM-ACCESS MEMORIES (RAMS)
. - NON~OPERATING DATA
(ALUMINUM METALLIZATION/ALUMINUM WIRE SYSTEM)

25

3
3
STORAGE FAILURE (%
QUALITY HOURS NUMBER RATE '3
LEVEL TEMP BITS LOGIC X 10° FAILED IN FITS $
0
c 150°C 1024 MOS .050 0 (<20000.) %
D 85°C 64 MOS .400 0 (<2500.) %
D "125°C 256 TTL .139 7 50360. g
16 MoOS .384 0 (<2600.) q
64 MOS .180 18 (<100000.) '3
256 MOS .226 2 8850. .
1024 MOS .040 0  (<25000.) P
D 150°C 8 TTL .025 0  (<40000.) 4
16 TTL .252 0 (<3968.) '3
64 TTL .015 0 (<66700.) 4
- MOS .038 0  (<26300.) ;3
32 Mos .028 0 (<35700.) | ¢
64 MOS .034 0 (<29400.) g
256 MOS .620 4 6450. :
D 160°C 256 MOS .015 0 (<66700.) ]
1024 MOS .015 0 (<66700.)

TABLE 2.1-14. RANDOM-ACCESS MEMORIES (RAMS) :
NON-OPERATING DATA ;
(ALUMINUM METALLIZATION/GOLD WIRE SYSTEM) /
STORAGE FAILURE t
QUALITY HOURS ~NUMBER  RATE ¥
LEVEL TEMP BITS LOGIC X 10 FAILED IN FITS E
D 85°C 20 MoS .220 0 (<4545.) K
21 MOS  2.200 0 (<454.) ok
dual 25 MOS .220 0 (<4545.) '
125°C - MOS .034 0 (<29400.) s
256 MOS .375 0 (<2667.) :

512 MOS .288 34 118000.

1024 MOS .218 0 (<4590.)

139°C - MOS .040 0 (<25000.)

- 20 MOS .470 0 (<2128.)

21 MOS .360 0 (<2778.)

dual 25 MOS .300 0 (<3333.)

64 MOS .060 0 (<16700.)

150°C 20 MOS .160 1 6250.

dual 16 MOS .054 0 (<18500.)

64 MOS .051 0 (<19600.)

1024 MOS .036 0 (<26700.)

64 TTL .104 0 (<9615.)

160°C 256 MOS .100 0 (<10000.)

1024 MOS .144 0 {<6969.)
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> § TABLE 2.1-15. READ ONLY MEMORIES (ROMS) ;
1 NON-OPERATING DATA g
, o . 3
B! STORAGE FAILURE 3
E QUALITY : HOURS NUMBER  RATE 3
% f LEVEL _TEMP  BITS LOGIC X 10° FAILED IN FITS 1
2 %

;g (ALUMINUM METAL/ALUMINUM WIRE SYSTEM) g
E* C  180°C 1256 Schottky  .019 0 (<52600.) g
; £ TTL )
g 150°C 512 TTL .092 0 (<10870.) ¢
: 8256 TTL .022 0 (<45400.) 3
' D  125°C 64 Schottky  .529 23 43500. 3
i TTL 3
: 2048 MOS .058 0 (<17000.) ¢
= 150°C 1024 Schottky  .059 2 40000. :
- TTL ;
3 - RIL .211 0 (<4740.) }
| 1024 MOS .018 0 (<57100.) g
: 160°C 64 Schottky .025 0 (<40000.) .
;| TTL =
2 2048  MoOS .005 0  (<200000.) b
- (ALUMINUM METAL/GOLD WIKE SYSTEM) L
k| B 160°C 256 SchottXy .025 0 (<40000.) ;
: TTL b
: D  150°C 2560 MOS .052 0 (<19300.) i
. -  MOS .068 0 (<14700.) t g
160°C 2048 MOS .025 0 {<40000.) -

j

v

]

|
|
| ;
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TABLE 2.l1-16
MEMORIES REPORTED FAILURE MODES AND MECHANISMS

kY
N
e

No. of .
Units Mode or Mechanism

- Al Metal/Al Wire . ? Oxide Pinhole
18 Gate Oxide Pinhole
1 Field Oxide Pinhole
2 Contamination

Gate Oxide Pinhole
Field Oxide Pinhole
31 Contamination

Al/Metal/Al Wire Wire Bond Defects
- Al Metal/Au Wire - None Reported ’

Al Metal/Au Wire
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2.2 Monolithic Integrated Circuits Operational Prediction Models

The MIL-HDBK-~217B general failure rate model for moanclithic
integrated circuits is:

N : -6
Ap = IIL IIQ (IIT Cl + IIE CZ) x 10

3

where:
AP = device failure rate
nL = learning adjustment factor
HQ = qguality adjustment factor

Cy & C= Complexity Factors
HT = Temperature Adjustment Factor
nE

= Environmental Adjustment Factox

The various types of microelectronic devices require different

values for each of these factors. The specific factor values for

each type of device are shown in Figures 2.2-1 through 2.2-7.

In the title description of each monolithic device type, SSI,
MSI, and LSI represent Small Scale Integration, Medium Scale Inte-
gration, and Large Scale Integration respectively, and indicate the

complexity level for which the device model is applicahble. MOS rep-

resents all metal-oxide semiconductor microcircuits which includes
NMOS, PMOS, CMOS, and MNOS fabricated on various_substrates, such
as sapphire, polycrystalline, or single crystal silicon.

Since different models are designated for the SSI/MSI and
LSI Monolithic Digital dewvices, the following distinction in terms

of complexity level is made in order to provide guidance in selection

of the appropriate model. For the present, and until a new limit is

established, devices having complexities less than 100 gates (approx-
imately 400 transistors) are to be considered as SSI/MSI devices.

More complex devices by gate count (or transistor count at 4 per

gate) are to be considered as LSi devices. No distinction is made

between SSI and MSI Monolithic Digital devices since the same model

applies directly to both. Also, no distinction is made between the

complexity factors for MOS and Bipolar devices in that the factors
that define complexity are independent of the specific technologies.

2.2-1
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For the purposes of this handbook, a gate is considered to

be any one of the following logic functions: AND, COR, NAND, NOR,
Exclusive OR, and Inverter.

A J-K or R-S flip-flop is equivalent
to 8 gates when used as part of a complex circuit. When the

flip-flop is individually packaged (single, dual, or greater) the
gate count should be determined from the schematic or logic diagram.
For guidance in symbols used for these functions, see Standard

ANSI ¥32.14-1973, "Graphic Symbels for Logic Diagrams." This
standard has been adopted by the Department of Defense and super-
sades M1l-Std-806B (an earlier lcgic symbol standard).

Monolithic memories, because of their high gate-to-pin ratio,
are not treated as a part of the SSI/MSI/LSI models. Their com-
plexity factors are expressed in terms of the number of bits and are
divided into the two major categories of monolirhic memories:
random~-access memories (RAMS), and read-only meniories (ROMS).
ever, for the purposes of this handbook, programmable-read-only
memories (PROMS) and content-addressable memories (CAMS) are
considered in the same categories as ROMS and RAMS, respectively;
therefore, the same models are applicable. For complex (larger

than dual 8-bit) static and dynamic shift registers, use the RAM
modei with bit count.

How-~

For smaller shift registers, use the Digital
SSI/MSI model. For linear devices, both MOS and Bipolar, the same

model expressing complexity in terms of the number of transistors
is presented.

Table 2.2-1 provides a list of monolithic microelectronic
generic groups with a cross reference to the corresponding figure
number.

The failure rate model and adjustment factors are based on
certain assumptions and sub models. See Sections 2.2.1 and 2.2.2
for a description of these parameters.

2.2.1 Model Description

In oxder to help clarify some of the parameter descriptions
for the various models, all of monolitric device models are based
on a " Ap + Am additive model concept" -- i.e. Ay, = A, + A

P T M’

where:
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A_ is the overall device failure rate for monolithic
P devices.

Ag is the failure rate component due to time degradation
causes, and represents degradation mechanisms which are
accelerated by temperature and electrical bias; com-
sosed largely of phenomena which follow the Arrhenius
type rate acceleration.

Ay is the failure rate component due to mechanical
(application environment) causes, and represents
failure mechanisms resulting from mechanical stresses
directly, or indirectly (such as stresses set up by
thermal expansion).

2.2.2 Parameters

2.2.2.1 Complexity Factors C, and C,

The circuit complexity factors, C, and Cz, are based on
the models presented below.

2.2.2.1.1 Digital SSI/MSI Devices
Tabulated values are derived from the following equations:
3 0.677

c; = 1.29 (10) 7 (N

_ -3 0.389
where NG = number of gates (assumes 4 transistors per gate).

The tabulated values are applicable to devices in packages con-
taining up to 22 pins. For larger packages multiply the values by:

No. of Pins Multiplier
24 to 40 1.1
42 to 64 1.2

>64 1.3

2.2.2.1.2 Linear SSI/MSI Devices
Tabulated values are derived from the following equations:

— 0.763 _ 0.547
Cy = .00056(NT) Cy = .0026(NT)

where NT = number of transistors.
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2.2.2.1.3 LSI Devices d

.Tabulated values are derived frou the following equations: ;
c, = .0187e (.00471)N, c, = .013¢ (-00423)Ng

S

where NG number of gates (assume 4 transistors per gate)
and e

natural légarithm base, 2.718.
The tabulated values are applicable to devices in packages con-

taining up to 24 pins. For larger rackages, multiply values by:

No. of Pins Multiplier ;
26 to 64 1.1 ;
>64 1.2

2.2.2.1.4 Memory Devices
Tabulated values are derived from the following equations: %

D AN A 3 R A e AR N [ Y O SO IR b 2 LR TR S oS o WA

For ROMS - C; = .00114(8)%*%93 ¢, = .00032(p)0646 |

For RAMS - C; = .00199(8)%+%93 ¢ "= 00056 (p)% 64 3

"3

E

" where: B = number of bits. !

The tabulated values are applicable to devices in packages con~ :
taining up to 24 pins. For packages with greater than 24 pins, ‘é
multiply tabulated values by 1.1. %
2.2.2.2 Learning Adjustment Factor, n, %
I, adjusts the model for production conditions and controls. é

The conditions are defined in the figures for each device type. 2
2.2.2.3 Quality Adjustment Factor, HQ :
HQ accounts for effects of different quality levels as %
defined in MIL-M-38510 and MIL-STD-883. !
2.2.2.4 Temperature Adjustment Factor, Lo %
3

HT adjusts the model for temperature acceleration factors.
Two models are applicable:

e T e S AR

Tpy is applicable to Bipolar Digital devices, i,e.
TTL and DTL, not included in 1., below.

% T2
HT1= 0.le

where x = -4794 (

ot F A Lo

N S S
Tj + 273 298

2.2-12
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HTZ is applicable to Bipolar and MOS Linear, Bipolar
Beam Lead, Bipolar ECL, and all other MCS devices.

_ bi4

where: x = -8121 ( —- +1273 - 2;8 )
3

In nTl and HTZ above, Tj is the worst case junction
temperature (°C) and e is natural logarithm base, 2.718.
If Tj is unknown, use the following approximations:

For packaged monolithic devices use:

'1‘j = ambient T + 10°C if number of transistors < 120.
Tj = ambient T + 25°C if number of transistors "»120.

2.2.2.5 Environmental Adjustment Factor, HE

HE accounts for the influence of environmental factors cther

than temperature. Refer to the environment description in the
Appendix.
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2.3 Hybrid Integrated Circuits Storage Reliability Analysis ‘
A hybrid integrated circuit is any combination of solid L
state active circuit components (IC oxr discrete) and of thin
or thick film-deposited passive circuit elements, in combination
with other compatible discrete parts when called for, interconnected
by film patterns on one or more substrates in a single device
packace, to perform one or more circuit functions. Hybrid IC's
are commonly classified as either thin or thick film.
A vapor deposited or vacuum-evaporated, or also sputtered,
plated or grown film circuit is called "thin film" when the mean
free path of its current carriers (mainly electrons) is comparable
in length to the thickness of the film, usually in the range of a
few thousand Angstroms. In practice thin film is limited to a
maximum of 10,000 Angstroms (1 micron).
A film circuit deposited by screen printing (or also by
spraying) with subsequent air drying and high temperature firing
steps, applied in sequential cycles, is commonly known as "thick
film," denoting also that its structure came about by fusing origi-
nally séparated and dispersed microscopic particulate matter into
a self-passivating glaze. Thick film thickness overlaps the

range of thin film thickness and extends approximately to 2.5 mils
(63 microns).
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2.3.1 Hybrid Device Failure Mechanisms

PP UL AIT S ol R

The hybrid failure mechanisms include all those listed for
the monolithic devices plus those that are unique to the hybrid
technology. Hybrid devices exhibit problems as a result cf the
number of different materiels uvsed in one package; the number of
interconnections and bonds; the amount of processing with the
chan~e of error or inclusion of contaminating materiels; and the
hermetic sealing of a larger package. Careful selection of
materiels and control of processing and temperatures are required
to prevent thermal mismatches between materiels; leaching,
diffusion and migration of materiels; intermetallic compound
formations; and corrosion.
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Tables 2.3-1 and 2.3-2 summarize the mechanisms unique to

thick and thin film devices. Many of these mechanisms would be

detected in formal processing and screening.

AR

LR AEY 6 bk 2 S

.t

In thick film devices, the faulty substrate bond or cracked

: substrate which is undetected or non-failed during processing will
he accelerated to failure by mechanical vibration and shock. The

frequency of this failure, whether in operation or not, is depen-

‘ dent on the transportation and handling of the equipment in the
; depots and field.

5 e s

The failure mechanisms for thick film resistors include those
failures in processing which would slip through the screens;
those that are defects which are accelerated by high temperature
or thermal cycling; and those that are a result of corrosion. The _
two latter groups of defects may be accelerated or decelerated to i
failure depending on the storage environment. é

The chip element failure mechanisms in thick film devices i
are the same as monolithic except that bonding materiels or
processes may be different.

The number of conductors and interconnections in the hybrid
device lead to shorted conductors, faulty bonds, etc. Most of

thesc defects are accelerated to failure by thermal or mechanical
stresses.

o e b 4t AT A ® e N T L L 2L NP

The silver migration depends on a high current density
and would be decelerated in a storage environment.

LA TRLICNSA

The thin film devices exhibit similar types of failure
mechanisms as thick film The unique mechanisms of thin film

devices are those associated with the element films. Many of
these defects are accelerated to failure by thermal stresses.

The rate at which defects progress to failure is dependent on

the environment. The ionic migration between resistor strips

is a function of high voltage and temperature and would be
decelerated in a storage environment.

Tt AT I e LA A P B3I e Ba® REET Skt 1.
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Most hybrid devices are custom designed for each application.
The materiel selection, device design and processing for each

application will determine the particular set of failure
mechanisms experienced.

2.3-2
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2.3.2 ‘Storage Reliability Data

The storage data collected on hybrid integrated circuits
consists of 799.2 million storage hours with 23 failures reported
and 1.5 million hours of accelerated storage life tests with 7
failures reported. This data represents a quality level /ipprox-
imately equivalent to Clacs B in MIL-STD-883.

Based on the number of storage hours and failures, the
storage failure rate for these devices is 28.8 failures per billion
hours. However, the range of types and complexities of hybrid
circuits precludes the use of a single failure rate for all de-
vices. More data will be required to adequately evaluate hybrids
in the storage or non-operating environment.

The data that has- been collected is summarized in Table 2.3-3.

Of the thirty reported failures, twenty six failure
causes were reported: one failed due to a failed zener diode;
four due to open wire bonds; and twenty one due to open wire
bonds at the aluminwi/gold interface.

TABLE 2.3-3. HYBRID IC NON-OPERATING DATA

Ambient Sﬁgiﬁge No. of nglu?e Rate
Temperature Technology (millions) Failures in Fits

25°C Thin Film 43.246 1 23,1
25°C Thick Film 474.914 19 40.0
25°C Thick Film 146.000 1 6.85
25°C Thick Film 135.080 2 14.8
70°C Thick Film .400 0 (<2500.)

125°C Thin Film .098 2 20408.0

150°C Thin Film .680 3 4412.

150°C Thick Film «261 2 7663,

200°C Thick Film .011 0 (<90090.)

2.3-8
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2.4 Hybrid Integrated Circuits Operational Prediction Model
The MIL-HDBK-217B failure rate model for hybrid microelec-
tronic devices is:

O R L by

= -6
; Ap = Ab (HT X HE b nQ X HF) x 10 |
2 where: ' o
3 3
3 Ab = base failure rate T3
: I, = temperature factor 3
; HE = environmental factor 2
HQ = quality factor g
HF = circuit function factor ;

From the I.C. chip standpoint, the hybrid model is structured
§ to accommodate all of the monolithic chip tvpes and the wvarious
: complexity levels indicated in Section 2.2.

Figure 2.4-1 gives the hybrid model and values for each
parameter. The base failure rate must be calculated and a descrip-
: tion of this calculation is given below.

v gL NI

T

2.4.1 Base Failure Rate, xb

The base failure rate equation is:

a4

WA s

Ab = AS + Asxc + EARTNRT (substrate contribution)

+ zADCNDC (contribution of attached components)

+ APFHPF {package contribution)

E A. Substrate Contribution

: A; is the failure rate due to the substrate and film pro-

3 cessing. It has a value of either 0.02 or 0.04 and is
independent of the number cf substrates. The value 0.02
applies if only thick film or only thin film substrates
are used. The value 0.04 applies if both types are used.
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{ stc is the failure rate contribution due to network complexity

and substrate area. The values of Ac (complexity term)

are a function of the element density, NE/AS. Aq is the
substrate area in square inches.

To compute complexity, AS is obtained by summing the

areas of all thick film substrates resulting in a single
equivalent thick film substrate.

substrate is determined similarly.

o
1
T
3
9
A
e
e
-3
=
I
&
b

An equivalent thin film

However, when sub-
strates are stacked, only the area of the bottom substrate
shall be used to compute A

g If a substrate contains only
one device, it shall be considered a chip and shall not be

considered a substrate for purposes of failure rate pre-~
diction.

Thid it b o R

N IR A At T B T oS

NE is the total complexity expressed as

Np = Nyg + Npp + Npe

T BT

3 where:

3 T number of internal lead terminations. Normally, this

: would be 2 times the number of leads, but for beam

leads and flip chips, this would be one for each con-
nection.

This includes the leads from substrate to
external leads.

NRT = number of film resistors

NDC = number of discrete chip devices (each chip counts as

one device)

T i £ .
WY o W) P SRS s SRS R T B %

RINPRTNE °F 2530k

As a convenience in estimating the number of terminations from
the schematic, the following approximations may be used (it is always
mere desirable to count the actual lead terminations than to use the
approximation) :

NLT = No. of transistors

bond pads

i

3

‘11

x4 3

?%

+ No. cf dicdes x 2 3
+ No. of capacitors x 4 ]
R |

+ No. of chip resistors x 4 §
+ No. of conventionally pack- x 2 §
aged integrated circuit leads ‘
. . . . i

+ No. of integrated circuit chip x 2 3

+ No. of external hybrid package x 2
leads

1
x
2
3
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For the single equivalent thick f£ilm substrate, the value
for N, is determined from the above rules. Then NE/As is computed
using the AS obtained in accordance with the above rules. The

value of failure rate per square inch, Ac, is obtained from the
following equations.

For thin film :

<
%

E’
2
i
-

‘ A = 4.7(10)"8 Mg 2:082 £ 320< M < 10,000 ,
c1 () : B.s
= .001 for 10 < N <120
Bs
For thick film: ‘_
) 4.429 3
: Aoy = 2-4(10) "M (g ) for 250 < YE < 2,000 .
Bg Ag i
, = .001 for 10 < E < 250 13
4 Ag !

The final value of ASAC requires the use of the same AS

bty L s D 208 At

used to determine NE/AS

This procedure is ther repeated for the chin film equiva- f
lent substrate. It should be noted that when Np is computed for
stacked substrates, the elements of the upper substrates are in-
cluded with the bottom substrate, even though the upper substrate
uses a different resistor technology than the bot:iom substrate

{(thin film or thick film or vice versa).

PP S WA TA RV W AT RS

ENRTART is the sum of the failure rates for each resistor
as a function of the required resistance tolerance.

Npm is the number of film resistors of a given
tolerance.

ART is the failure rate to be used for each resis-

tor of a given tolerance as specified in Figure
2.4"'1.
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B. Attached Components Contribution.

4
\
i

LADCNDC is the sum of the attached device failure rates for
semiconductors, integrated circuits, capacitors and
resistors, both packaged and unpackaged. The fail-

O L LAY

By o R S SR P R

ure rate is:computed by multiplying the ADC by NDC’ %

the quantity of each type. The ADC is the same for g
: a packaged or unpackaged device. The ADC values are g
J in Figure 2.4-1. b
i C. Package Contribution. %
3 APFHPF is the hybrid package failure rate which is a func-
3 - tion of the package style or configuration and the :
: materials used in its construction. gi
i App 1S O.Ol'failure/lo6 hr. This is a normalized g
; value of base failure rate for all hybrid packages. ;
] I,p is an adjustment factor which modifies A,. as §
E a function of the package style and materials. Its %
% values are in Figure 2.4-1. « %
: 2.4.2 1 Adjustment Factors b %
i 2.4.2.1 Temperature Adjustment Factor: HT ! %
1 HT adjusts the model for temperature acceleration factors. The §

% values in Figure 2.4-1 are derived from
3 I, = e
3 _ 1 1 < e
where x = -3411 ( T+ 373 " 398 ) for nTl if the temperature

(°C) of the package mounting base is known, and

x = =3794 ( 1 1 . .
T+ 393 ~ 315 ) for I,, if the highest

temperature (°C) within the hybrid package is Ynown.
HT values are invalid at package mounting base temperatures
above 125°C or for hot spot temperatures above 175°C.

3
.
i
3
-
2
2
4
L

2.4.2.2 Environmental Adjustment Factor, HE

HE accounts for the influence of envircnmental factors other

than temperature. Refer to the environment description in the
aprpendix.
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2.4.2.3 Quality Factor, HQ

HQ accounts for effects of different quality levels. Classes

A, B and C devices are those which have been subjected to, and passed
all requirements, tests, and inspections specified in Methods 5004
and 5006 of MIL-STD-883, including screening, qualification, and
quality conformance inspection requirements for the specified class.

2.4.2.4 Circuit Function Adjustment Factor, HF

3

HF adjusts the model for circuit function, (i.e., digital or
linear).
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2.5 Operational/Non-Operational Failure Rate Comparison

: 2.5.1 Bipolar Digital SSI/MSI Devices

A comparison of the failure rates for non-operational and
operational environments was made using the non-operating model
and the MIL-HDBK-217B operational model. The comparison is
; presented in Figure 2.5-1. Failure rates for several operating
: conditions were predicted to present a range for comparison. The

non-operating prediction was made at a nominal ambient temperature
of 25 degrees centigrade.

Comparing the digital devices with aluminum metallization and
aluminum wire gave an operating to non-operating ratio of 7 and 9
for Class A, small scale integration (SSI), digital devices at two
operation junction temperatures: 35°C and 75°C; for Class B the
ratios were 4 and 5; for Class C devices, 23 and 30; and for Class
D, 86 and 114.

For medium scale integration (MSI), the ratios for Class A
were 15 and 25; Cless B, 9 and 14; Class C, 54 and 89; and Class D,
204 and 334.

Failure rates for digital devices with aluminum metallization
and gold wire were also compared. Since MIL-HDBK-217B uses one
prediction model for koth metallization svstems, the operating

T
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o 4 a2

o o)

failure rates are the same. For the non-operating failure rate, the
aluminum metallization,gold wire systems exhibited a significantly
higher failure rate, therefore the ratios are considerably different -
so different that in many cases, the non-operating failure rate is
higher than the operating failure rate. The ratios for Class A,
SSI Digital devices at the two junction temperatures are 0.6 and 0.8;
for Class B, 0.4 and 0.5; for Class C, 2.2 and 3.0 and for Class D,
0.7 and 0.9.

For MSI devices, the ratios for Class A were 1.5 and 2.4;
Class B, 0.9 and 1.4; Class C, 5.3 and 8.7; and Class D, 1.7 and 2.7.

Since most missile materiel are in the Class B or Class A
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guality range, average operating to non-operating factors can be de-
fined as presented in Table 2.5-1l.
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TABLE 2.5-1.

AVERAGE OPERATING TO NON-OPERATING FAILURE RATE RATIO
ALUMINUM METALLIZATION/..LUMINUM WIRE

Complexity Average Operating to Non-
Level Operating Failure Rate Ratio
SSI 5.

MSI ) 14

ALUMINUM METALLIZATION/GOLD WIRE

Complexity Average Operating to Non-
Level Operating Failure Rate Ratio
SSI 0.5

© MSI 1.4

The quality factors in the non-operating prediction model for a
device with aluminum metal / gold wire systems were estimated from the
aluminum metal /aluminum wire system. Therefore, these are preliminary
and will be further investigated in subsequent reports.
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2.5.2 Bipolar Linear SSI/MSI Devices
A comparison of the failure rates for non-operational and !
operational environments was made using the non-operating model

developed here and the MIL-HDBK-217B operational model. The
Failure rates for

comparison is presented in Figure 2.5-2,
several operating conditions werc predicted to present a range
The non-operating prediction was made at a nomi-

e P P T P AT T

for comparison.
nal ambieni. temperature of 25 degrees centigrade.

Comparing the digital devices with aluminum metallization
and aluminum wire gave an operating to non-operating ratio of 10
and 26 for Class A, small scale integration (SSI), lirear devices

TERY

T

at two operation junction temperatures: 35°C and 75°C; for Class
B the ratios were 6 and 15; for Class C devices, 38 and 93; and
for Class D, 140 and 347.

For medium scale integration (MSI), the ratios for Class A
were 40 and 131; Class B, 23 and 75; Class C, 141 and 468; and

Class D, 527 and 1751.
Failure rates for linear devices with aluminum metallization

T

WOk O Catf 2k

urtie gy

R
s

and gold wire were also compared. Since MIL-HDBK-217B uses one
prediction model for both metallization systems, the operating
failure rates are the same. For the non-operating failure rate,
the aluminum metallization, gold wire systems exhibited a signifi-
cantly higher failure rate, therefore the ratios are considerably
different - so different that in some cases, the non-operating
failure rate is higher than the operating failure rate. The ratios
for Class A, SSI linear devices at the two junction temperatures
are 1.0 and 2.5; for Class B, 0.6 and 1.4; for Class C, 3.6 and 13.7
and for Class D, 1.1 and 2.8.

Fcxr MSI devices, the ratios for Class A were 3.8 and 12.8;
Class B, 2.2 and 7.3; Class C, 13.7 and 45.5; and Class D, 4.3
and 14.2.

Since most missile materiel are in the Class B or Class A
quality range, average operating to non-operating factors can be

defined as presented in Table 2.5-2.

2.5-4
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T2BLE 2.5-2.

AVERAGE OPERATING TO NON-OPERATING FAILURE RATE RATIO
ALUMINUM METALLIZATION/ALUMINUM WIRE

Complexity Average Operating to Non-
Level Operating Failure Kate Ratio
SSI 15
MSI 75

ALUMINUM METALLIZATION/GOLD WIRE

Complexity Average Operating to Non-
Level Opzrating Failure Rate Ratio
SSI 1.4
MSI 7.3

The quality factors in the non-operating prediction model
for a device with aluminum metal/gold wire systems were estimated
from the aluminum metal/aluminum wire system. Therefore, these

are preliminary results which should be further investigated.

2.6 Conclusions and Recommendations

The models presented in section 2.1 for monolithic bipolar
SSI/MSI digital and linear integrated circuits can be used as a
method of prediction failure rates for these devices.

The analysis indicates that a single metal should be usod
for the contact metallization and interconnection interface.
The all-aluminum system shows a definitely more reliable storage
capability than the aluminum metallization/gold wire system. Data
on the Beam Lead Sealed Junction device with gold beams is not
available on the linear devices.

In both user surveys and high temperature storage tests,
wire bond failures were prominent.

2.6-1
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For the aluminum metallization/aluminum wire systems, the
principle problems were wire bonds and oxide defects or contamina-
tion.

Screens ox tests recommended for wire bonds include centri-
fuge, temperature shock/cycﬁing, power cycling, mecharical shock
and bond pull tests. Due to the low mass of aluminum wires, the
temperature shock/cycle, power cycle, and bond pull tests would
be nost effective.

Screens or tests reconmended to weed out oxide defects incliude:
Operating AC and DC with temperature; high temperature reverse
bias; power cycling; elevated temperature storage: and visual
inspection. ,

In the MIL-STD-883 screen, temperature cycling is required
for Class A, P and C devices while temperature shock  is only re-
quired for Class A devices. Burn-in and final electrical tests
at maximum and minimum operating temperatures are required for
Class A and B devices. Reverse bias burn-in is only required for
Class A MOS and linear devices when specified. Visual inspection
is required for Class A and B devices.

Depending on whether Class A, B or C devices are specified
in the procurement, it may be desirable to specify more screens
and/or quality conformance tests which are related to wire bond
and oxide reliability.

Effects of periodic testing or operational cycling of devices
which are in a storage or dormant environment has not been addressed
here. The data doves not identify the effects of cycling. One
special test was performed to determine cycling effects on 1000
digital devices but after 18 months, no failures were experienced.
The testing was performed under controlled conditions.

Lack of sufficient data on LSI devices, MOS devices and
memories precludes any conclusions on these devices.
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2.7 Reference

The information presented for digital and linear detices
is a summary of document numbers LC-~76-ICl, "Monolithic Bipolar
SS8I/MSI Digital Integrated Circuit Analysis," dated May 1976
and LC-76-IC2 "Monolithic Bipolar SSI/MSI Linear Integrated
Circuit Analysis," dated May 1976. Refer to those documents
for details of the data collection and analysis, development
of models, definition of failure mechanisms, and technical
description of the devices themselves.
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