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ABSTRACT

S i -

The complexity of electronic c¢ircuits has increased
rapidly with the advancement of integrated circuilt technology.
A detailed study of electronic circuit design is thus necessia=-
ted prior to its fabrication, Reliability evaluation of the

circuits 1s the most urgent step in the design process,

An effort has heen made to evaluate the component
failure rate of eléctronic circuits with database structures
of failure rate data. Part stress analysis technique is adop-
ted to quantify the part failure models of different components
in the circuit, The loading (electrical stress) of each com-
ponent is calculated from the circuit analysis (d.c. and tran-
sient behaviour of the circuit). A menu-driven program is wri-
-tten using dBASE III PLUS package to calculate the part failure
rates. The electrical stress (loading) and other factors (like
teuperature, environment, parts quality etc.) are the inputs to
the program written. Since the program is menu-driven, all the
required inputs, for a particular component selected can be
displayed on C,R.T. terminal. Finally, the total failure rate
of the circuit ‘is stored in a database structure and can be
obtained in any desired report form., It is assumed that

failure of any component will cause the failure of the circuit.

Lk d
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CGHAPTER - 1

INTRODUCT ION

Considerable interaction between the circuit elements
of the modern complex electronic circuits arises due to higher
speed and freqaency and miniaturization, It necessiates
to pérform an elaboraté study of circuit design prior fo
fabrication, The circuit design procéss may be classified

into following separate but interacting phases:

(1) feasibility study - consisting of initial structure

of the circuit with satisfied loose specifications.

{ii) preliminary design phase - consisting of tighter -
design specificaticns with optimal choice of design-
able parameters using appropriate circuit analysis

topology,

(1ii) detailed design phase - consisting of physical design'
with detailed component specifications and reliability

studies,

The flow chart for the electronic circuit design is

shown in Fig, 1,1,

Initial structure of the circuit is made first and
this structure 1lists the components necessary for circuit
implementation and their functional relationships. Whether
certain loose specifications are satisfied or not is now.

tested, Some methods of circuit analysis and computer
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simulation are involved in this process and is continued
until the loose specification satisfies the designer from

technological ability, skill and past experience.

A set of tighter and complete design specifications,
incorporating operating characteristics under normal and
abnormal conditions, reliability, physical realizability,
dimension requirement and economic 'soundness, are defined.
The designer now optimizes the circuit by varying the
designable parameters to achieve the desired specifica=-
tions, If the design specification is not satisfied by
varying the circuit parameters, then the topology of the
circuit is altered and the previous design steps are repea-

ted, otherwise next step is followed.

Now comes the physical design of the circuit which
determines the mechanical 1layout of circuit on the printed
circuit board, suitable for production with the electrical

and physical constraints,

Reliability evaluation of the circuit is the next
very important step in design. Reliability analysis of the
circuit is required to have an estimate of the theoriti-
cally achievable reliability, availability and to point
out the areas of high-~failure rate concentration in the
circuit. These areas of high failure rates may be elimina-
ted by Judicious use of redundandy techniques, using
highly reliable components or by reducing the circuit

complexity.



Reliability can be assessed precisely in the design
process, But some divergences are always expected. The
component failure rate data are seldom precise and tests
show the deviations caused by divergences between actual
and expected operating conditions, such as temperature,
environment, loadings of components etc, Total part relia=-
bility can be implicitly ~determined during design process
of an electronic circuit, Therefore, it is essential to
have a tool which successfully measures the reliability .
The tool is obviously the failure rate prediction system'

based on the physical properties of ccmponents,

Out of the two methods, Parts Count and Part Stress
Analysis, the latter is more accurate as it takes into
~account all the factors (electrical stress, temperature,

environment etc.) which are responsible for a part failure.

The different analytical part failure models for
different part types are available in MIL-HDBK-217D. The
field data are recorded in that book to calculate the diffe-
rent factors in the part failure rate models. Before using
- these factors, loading of each component on an eléctronic
circuit is necessary as it affects the base failure rate
of the component. Loadings can only be obtained when the
non-linear circuit equations, representing relations bet-
ween component parts in terms of voltages or currents,
are solved. The circuit analysis[ 20,21] is utilized

to find out the loading of each component in the circuit.



In this dissertation, a software is developed for
relisbility evaluation of electronic circuits., At first
database structures are designed. Failure rate data for
different coumponents (resistors, capacitors, transistors
& diodes) are stored in these database files, The struc-
ture of database files for these components are 1isted
in Appendix B, A menu-driven pfogram using dBASE III
- PLUS package has Dbeen written to evaluate the relia-
bility of the electronic circuits in terms of failure
rate (no. of failures/106 hour) utilizing Part Stress
analysis technique. The loadings of constituent components
of the circuit as determined in the circuit analysis have
been combined with other input factors in this program
to evaluate the electronic circuits. It has been assumed
that the specified circuit will fail when any one of its
components fail and failure rate of the circuit is equal

to the sum of the failure rates of its components [ 17,

22, 341,
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CHAPTER =~ II

BASIC RELIABILITY THEORY AND APPLICATION

2,1 INTRODUCTION

\
The reliability of a complex circuit depends on the
reliability of its components, The measure of a component's
reliability 1is the fr'equency at which failures occur in a
given time period., The useful failure pattern that can be
anﬁicipated for electronic components is shown in Fig. 2,1,
Reliability distinguishes three characteristic types of
- failures (excluding damage caused by careless handling, sto-
ring or improper operation by users) which may be inherent
in the electronic equipments and occur without any fault

on the part of the operator [ 4, 15, 32, 34},

Initially, the item population exhibits a high failure
rate., This failure rate decreases rapidly during this first
period (often called the "infant mortality", "burn-in" or
debugging period), and stabilizes at an approximate value
(at time TB) when the weak units have died out. It may be
caused by manufacturing deviations from the desigm intent,
transportation damage or installation errors., This is usually
pronounced in new equipment., Many of these early faiiures
can be prevehfed by improving the control over manufacturing

process,

The item population, after having been burned-in,
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reaches its lowest failure rate level, which is normally
characterised by a relatively constant failure rate, accom=-
panied by negligible or very gradual changes due to wear.
This second period (between Ty and Ty in Fig. 2,1) is called
the useful life period, and is characterized mainly by the
occurrence of failures caused by sudden stress accumulations
beyond the design strength of the component. The exponential
failure distribution is widely used as a mathematical model
to approximate this time period which is the most signifi-
camt period for reliability prediction and assessment acti-
:é\ﬂés.f For electronic components, it is found that excessive
‘?ji;erature and voltage levelg; either steady-state, transient
,fare.the two most destructive

L)
stresses, Humidity, vibration, shock and altitude contri-

or changing at rapid rates

bute to the failure of design strength devices, -

The third and final ‘life period occurs when the item
population reaches the point where the failure rate starts
to increase noticeably gTw). This point identifiés the end
of useful life or the stért of wear out, Wearcqut failures

are a symptom of component aging.

2,2 EXPONENTIAL FAILURE MODEL

The life characteristic curve shown in Fig, 2.1 can
be further defined by three failure components which pre=-
dominate during the three periods of an itemfs 1ife.

Fig. 2.2 1illustrates thesc components in terms of an
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aquipment hazard rate, Z(t),which is simply stated as the
conditional probability of failure, The failure components

shown in Fig, 2.2 include:

(1) Early failure due to design and quality-related manu-
facturing defects and which have a decreasing hazard

rate.

(2) Stress related failure due to application stresses and

which have a constant hazard rate,

(3) Wearout failures due to aging and/or deterioration

and which have an increasing hazard rate.

‘The combination of these three failure components in
the infant mortality period characterizes a high but rapidly
decreasing hazard rate, The combination results in a cons-
tant hazard rate in the useful life period because the
decreasing quality failures and increasing wearout failures
tend to offset eacn other, and because the stress related
failures exhibit a relatively 1large amplitude. The wearout

period is characterized by an increasing hazard rate.
The use of this type of "failure law¥ for complex
electronic systems can be explained in the following ways:

(1) Many forces like stress/strength relationship and
varying environmental conditions can act upon the

item and produce failure,

(ii) It signifies Mapproach to a stable state" which
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results from the mixing of part ages when failed ele=
ments in the system are replaced or repaired, Over
a period of time, the system hazard rate oscillates,
but this cyclic movement diminishes in time and app-

roaches a stable state with a constant hazard rate.

(iii) Exponential distribution function aporoximates Scme
other function over a particular interval of time for

which the true hazard rate is essentially constant,

2,3 RELIABILITY CONFIGURATIONS

A method is necded to reflect the reliability connec=-
tivity of the meny part types having different stress-deter-
mined failure rates that would normally make up a complex

equipment,

In general, the serial equipment configuration is

represented by the following 'block diagram:

Rq(t) m~--l RZ(t) -——} R3(t) ——Output

Failure of any onc part in the series would result

Input

in failure of the equipment., Further, it is assumed that

failure of any part would occur independently of the opera-
tion of other components.
Hence Rg(t) = R ().Ry(t)...R,(t)...R (t)

where

R;(t) is the series reliability, and Ri(t) is the
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reliability of the "ith® hlock for the time "M, .

Introducing constant failure rate concept, the system
reliability as a function of the reliability of parts and com-

ponents becomes
R(t) = 717

. —(;}\’]*‘;\2".04: . >*n)t
Simplifying, R(t) = e

The general form of this expression becomes
n
R(t) = exp [=-t & ;7

The failure-rate parameter is valid both for the
conditions of cOmponent-part testing and for application
in complete equipments, the failure rate for the equipment

is the sum of the part failure rates,

N = p
“(equipment) Z ﬁ(parts)

A parallel configuration shows that when a part fails
there is an alternate part or item configuration designed to
insure equipment success. A two element parallel reliability

configuration is represented by the following block diagrams

...,....l R,l(t) I.._.._.

I ST

Input -~ — Output

m_——iRZ(t) }—f_;
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The reliability of the parallel configuration can be

 represented by:

Ry = 1= (1-Ry).(1-R))

For n blocks connected in a parallel reliability
configuration, the reliability of the configuration can be

expressed by :

Rp(t) 1-(1-R1),(1—R2) oo (1~Rn)

The series and parallel reliability configuration
(and conbinations of these) represent the basic concepts

involved in estimating the reliability of complex equipment.

2,4 PART FAILURE MODELING

The basic concept which underlies reliability evalua-
tion is that system failure is a reflection of part failure,
A method for estimating part failure rates is thus needéd.'
The most direct approach to estimating part failure rates
involves the use of jarge scale data collection efforts to
obtain the relationships (i.,e,, models) between engineering
and reliability wvariables., This approach wutilizes contro-

lled test data to:

(a) derive relationships between design and generic relia-

bility factors, and

(b) develop factors for adjusting the reliability to
eStimate field reliability when considering appli-

cation conditions,
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These data have been included in MIL-HDBK-217D in

a form suitable for estimating stressg-relszted failure rates,

Part failure models very with different part types,

however, their general form is:

fpart = () (ig) () Cmg) oo ()

where

part is the total part failure rate,

ic the base failure rate,

is the environmental adjustment factor,

T is the application adjustment factor,
Q

is the quality adjustment factor,

T is the symbol for & number of additional adjust-
ment factors which account for cycling effect,
construction class and other factcrs that modify
failure rate.

Base failure rates, in general, have becn established
from tests conductod under accelerated stress conditions
which speed up the aging process. Field data collection
and analysis efforts have indicated part failure rates well
above those determined from laboratcry testing. To account
for the adverse influence of the application environment and
to align the base failure rate (.Ab) with experience, a
serics of  factors, have baen developed to account for spe-
cific production operation and maintenance and application
cavironment stress factors., MIL-HDBK-217D completely

describes failure rate models , failure rate data and
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1. Si/Ge (NPN/PNP) TRANSISTORS
"\p = (.\b).(TEE).(TCA,).( "T’Q)‘ ﬁsz)’( T C)'k'n R.)
2, SILICON/GALIUM FIELD EFFECT TRANSISTORS
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2, MICA CAPACITORS

4L, CERAMIC CAPACITORS .
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1. GENERAL PURPOSE (Si/Ge) DIODES
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2, AVALANCHE & ZENER DIODES
N o (- Y
P = ( \b)( b E).( 1 A).( (i Q)
3, THYRISTORS

/\p = (}\b)(’mQ).(ﬂE)él R.)
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TABLE 2,1 (d)
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The TABLES 2.1(a), 2.1(b), 2.1(c), 2.1(d) show the
part failure rate models of different types of Resistors,
Transistors, Capacitors and Diodes respectively where X
is in failures/106 hours,

The details of different factors in the part failure

rate models are described in CHAPTER-III,
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CHAPTER - III

RELTIABILITY COMPUTATION METHODS

3.1 PARTS COUNT METHOD

This prediction method is ‘useful in bid (proposal)
stage when the design of an electronic circuit has not
advanced to the goal where detailed component lists and part
‘stresses are known , The Parts Count Method requires less
information, The quantity of different component types,
quality level of the components and the application environ-
ment are dealt with in this method. The general expression

for circuit failure rate with this method is given below:

\ n
A(circuit) = T Ni ( >G1IQ)i ceoe (3.1)
i=1 _
for a given environment
where '
%(circuif) = total circuit failure rate (failures/106hr.)
KG = generic failure rate for the ith generic

component (failure3ﬁ06hr.)

n, = quality factor for the ith generic compo-
_hent '

Ny = quantity of ith generic component

n = npumber of different generic component

categories

17



When tﬁe several units of a circuit or equipment are
éperated in different environmental conditions,; the different
environment-affected failure rates are calculated and then
added to determine the total circuit or equipment failure
rate, The quality factors used with electronic components
are not necessarily the same values used in section 3.2,1i.e.

Part Stress Analysis.

5.2 PART STRESS ANALYSIS METHOD

Greatest amount of detail is needed in this method.
The Part Stress Analysis method is appropriate when the
electronic circuit design has advanced to a goal where detai-
led component 1lists are available and the stresses. encoun=
tered by the components in the circuit are calculated., The
general expression for circuit failure rate has been men-
tioned in the previous chapter (Chapter-II, section 2.4),
Factors influencing part failure rates for different part

categories are described in the following sub-sections[26];

3.2,7 Base Failure Rate

MIL-HDBK-217D gives base failure rates, » to the

b9
various part categories,

The general model used to quantify the term Ay for
specific types or claSSGS of resistors is as followss
T+273 T+2
(G2 | () ¢ LEp)
'Ab = Ae e

18
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where

A is an adjustment factor for each type of resistor
to adjust the model tc¢ the appropriate failure -
rate level,

e 1is the natural logarithm base, 2,718
‘T is the ambient operating temperature (°c)
is a temperature constant
B is a shaping parameter
G,H, J are acceleration constants
N is a stress constant

S is the electrical stress and is the ratio of
operating power to rated power,

The general model for capacitor base fallure rates

( ».) is as follows:

“b
1273, C
5 Bl
s a8y L T
Ay = AL(%) +1], e
where,

A is an adjustment factor for each different tyve
of capacitor, to adjust the model to the proper
failure rate.

S represents the ratio of operating to rated
voltage '

N 1s the stress constant

e 1s the natural logarithm, 2.718

T 1is the operating ambient temperature (OC)
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N

T is a temperature constant

B is a shaping parameter

G and 'E are acceleration constants

The equation for the base failure rate ( ~y) for

\
semiconductor diodes and transistors is as follows:

\.\ = X
"B Ae \

where
Ny

. A : 273+T+( AT)S P
x 1s T ATS ) ‘I

T ]

A is a failure rate scaling factor

e 1is the natural logarithm base, 2.718

N’T,TM and P are shaping parameters

T is the operating temperature (°c)

T 1is the difference between typical maximum allo=-
wable temperature with no junction current or
power and the typical maximum allowable temperature

with full rated Junction current or power.

S 1is the stress ratio of operating electrical stress
to rated electrical stress,

For calculating S the necessary informations are

1listed below:

(1) For Transistors
(a) Single device in use

P
g = 0P

for Germanium
Pyax \



P
cand 8 = B (C.F)
MAX
where
POP = actual power dissipated
PMAX = maximum rated power at Ig

(b) Dual device in single case (equally rated).

P 2Py = P
- i S T
S =[5 +P, (%)) .(CF)
PS 2 PT X PS
where
S = stress ratio of side being evaluated
P1 = power dissipation in side being evaluated
P, = power dissipation in the other side of
device
Pg = maximum power rating at TS on one side with
other side not operating
power
PT = maximum/ rating at TS with both sides operating

(2) For General Purpose Diodes and Thyristors

H

S = TQE for CGermanium
MAX
ID
= £ (C.F.)
MAX
where
Iop = operating average forward current
Lyyx = maximum rated average forward current at Tg

21



(3) For Zener Diodes

P I
s = -PQL.(C.F) or 8 = T‘?—-Lﬁ)-.(c.b“)
MAX Z(MAX)
where
POP = actual power dissipated
PNAX = maximum rated power at Ty
IZ(OP) = actual Operating Zepner current
IZ(MAX) = maximun rated Zener current at TS
C.F. = stress correction factor
_ o} o} ' 0
If g = 25 Cand 1757C < Ty,x < 2007°C
C.F. = 1
- On 0 On
If TS s 257°C and 175 C._g TMAX € 2007°¢C
cF. = a2 o8
. * 150
f m = 0 ] m . Y
If Ty 25 C and Tax € 175°C
Tor =25 '
~ - _MAX s - -
C.F. —Eo and T = TA(or Tc)f(175 TMAX)
‘ O~ . | . o)
If TS > 25°C and QMAX C175°C
T - m
C.F, = -MAL _S
. [ ] 150
and T = TA (or fC) * (175 = TMAX)
where

T, 1is ambient temperature (°c)

To 1s case temperature (°c)
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The higher the temperature at which an electronic
part operates, the shorter its lifetime. Accordingly, the
failure rate will be higher for higher temperatures of ope=-
ration, The use of electronic components below their rated

voltage or power increases their reliability.

The base failure rates as funotions‘of temperature
and electrical stress are tabulated in MIL-HDBK-217D for
different part ty@e. These tables are used to calculate
the base failure rates of different, components in the actual

electronic circuit.

3.,2,2, Part Quality

The quality of a part is taken into account in part

failure rate model and is designated byw If a particular

Q°
part is pqrchased‘ to a multilevel quality specification
(established reliapbility, ER), the appropriate value for
% Q is selected, Parts which ar; not covered by multilevel
quality specifications (non-ER), have two quality levels
designated as ™MIL~SPEC" and MLOWER™., If the part is used
in complete accordance with the gpplicable Specifidation,
T o Vvalue for "MIL-SPEC" should be used. If the require-
ments are waived, % q Vvalue for "LOWER" should be used.
The different parts with their multi-level quality speci-

fications are listed in Table 3,1.



PART QUALITY DESIGNATORS
1. Transistors JANTXV, JANTX, JAN
2, Diodes JANTXV, JANTX, JAN

3. Capacitors, Estab- L, M, P, R, S
lished Reliabpility
(ER)

4, Resistors,BEstab- M,P,R,S
lished Reliability
(ER)

Table 3,1 Parts with Multi - level Quality Speci-

fications.

If the diodesand transistors are sealed or encap-
sulated with organic materials, another quality designa-

tor “PLASTICY" can be used.

3,2.3 Environment

The factor T is used to consider the effects of
various environmental stresses c¢xcepting ionizational

potential 1in all part failure rate models and value of

this factor is described by MIL-HDBK for the specific part

types. These environments cover the major areas of come-
ponent usSe and a brief description of these environments

are shown in Table 3.2 [ 26, 32, 34, 35],
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T R T TRCT L T

Environment T @ Symbol

Ground, Benign

Ground, Fixed
Ground,Mobile
Space,Flight

Manpack
Naval, Sheltered
Naval,Unsheltered

Naval,Undersea,
Unsheltered

Naval,Submarine

Naval,Hydrofoil

Airborne,Inhabi -
ted, Transport

Airborne, Inhabi-
ted, TFighter

A e ]

G

Nuu

Ngg

=

Description

Optimum engineering operation and
maintenance for laboratory énvie
ronment.

Less severe than ideal for ins-
tallation in unheated bulldings.

Conditions more severe than GF
mostly for vibration and shock .

Approaches GMvwithout access
for maintenance -

Portable electronic equipment
being manually transported while
in operation .

Conditions similar to G-F sub ject
to occasional high shock and
vibration .

Similar to NS subJject to repeti-
tive high levels of shock and

vibration.

Equipment immersed in salt water,

Equipment installed ia submarines

Equipment installed in hydrofoil

vessel,

Conditions without environmental
extremes of pressure, tempera-
ture, shock and wvibration in
aircraft transports or bombers,

Same as AIT but installed on
aircraft fighters.



Airborne,Uninhabi- Ayp  Extreme pressure, vibration and
ted, firansport temperature cycling may be inten-
' sified by ccntamination from oil,
hydraulic fluid and engine
exhaust,

Adirborne,Uninhabi= AUﬁ Same 28 AUrP but installed on

ted, Fighter aircraft fighters,

Airborne,Rotary, ARW Equipment installed on heli-
winged copters,
Missile,Launch ML Severe conditions of noise,

vibraticn and other environ-
ments related to missile launch,

Cannon,Launch CL Same as ML related to cannon

launching to target impact,

Undersea,Launch U Undersea torpedo mission and

missile launch.

Missile,Free Flight M Missiles in non-powered free

flight-

alrbreathing Missile MFA Powered flight of air breathing

Flight missile,

Table 3.2 Environmental Symbol Identification and

Description. (Sources MIL~HDBK=217D).

3.2.4 Other n Factors

The 7 factors excepting m and g applied to
specific part failure rate models are defined in MIL-
HDBK~217D for each part. Table 3.3 presents an overall
listing of 31 factors used in failure rate models as

applicable to resistors, capacitors, tramsistors and dicdes.



T

Factor

L o

Description

Resistors

v

TAPS

rr

Resistance Factor Effect of resis-
tor ohmic values.

Temperature Factor-
Effect of temperature for resistor
network '

Construction class factor-Influence
of construction class of various
resistors.

Voltage Factar - Effect of applied
voltage in variable resistors in
addition to wattage included
within %b'

Effect of multiple taps on vari-

able resistors,

erverrs v

Capacitors

[
SR

CV

CF

Series Resistance Factor - Effect
of series resistance in circuit
application cf some electrolytic
capacitors-e

Capacitance Factor - Effect of
capacitance value,

Configuration Factor - Effect of
fixed and variable constructions on
vacuum or Gas capacitors,
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Transistors and Diodes

.

T ipplicatiocn Factor - Effect <f appli-
cation in terms cf circuit function
"R Rating Factor - Effect of maximum

power c¢r current rating

w c Complexity Factor-Effect of multiple
devices in a single package.

2

Voltage Stress Factor - Effect of
second electrical stress (appli=
cation voltage) in addition to

S2

voltage included in Ab’

Table 3.3 =« Factors (except T and 7EQ) for

Resisters, Capacitors, Transistors and Diodes,
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P

CIRCUIT RELIABILITY EVALUATION

4,1 INTRODUCTION

Calculation of failure rate for an electronic assem=
bly, unit or system requires knowledge of the failure rate
of each part of which the item is comprised., If we assume
that the item will fail when any of its parts fail; the
failure rate of the item will edual fo the sum of the

failure rate of its parts, This can be expressed as:

n -
A= LN '
i=1
where,
Ny = failure rate of the ith parts,
n = - number of parts

 Generally, two methods discussed in the previous chap-
ters (Chapter - III) are used to make reliability estimates.
The Parts Count method is normally used at a preliminary
stage of design and is the least accurate of the two methods,
Fallure rates from Parts Count are stress fndependent

except for the environmental condition.,

The Parts Stress Apalysis is more cumbersome with
many factors and is applicable during the later design

phases where actual hardware and circuits are being
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designed., It should be noted, however, that the parts
stress analysis method may also pe used during any phase

provided that enough detailed information is available.

The obtainable accuracy in system failure rate pre=-
diction can be achieved by the désigner if a tool more power-
ful than Parts Count and faster to use than Parts stress
Analysis, This inveclves database programming which is
i best suited for homogeneous data. All component data are

stored and all tables are handled by the system,

The only factor needed from circuit analysis is the
component loading. When load on each component is speci-
fied, the contents of the failure rate table is multiplied

by the'component factors from the component database.

4,2 CREATING DATABASE FILES USING dBASE III PLUS

In thé previous chapter (Chapter - IIIj, we have seen
that base failure rate, »y, is dependent on operating
temperature and loading (electrical stress) of each compo-
nent, The base failure rate values for each component
part corresponding to different temperatures (starting
from zero) and loadings (starting from 0.1 to 1.0 with
a gap of 0,1) are recorded in MIL-HDBK=-217D, These values
are recorded at each 5°C interval or 10°C interval. Ny
value corresponding to a particular loading at any tem-
perature in this interval is very close the value recorded

at the immediate next temperature\value with the same



loading. Same is the case where temperature is fixed
and loading value lies in between the loading interval wri-

tten in MIL-HDBK-217D.

Database files using dBASE II PLUS are created first
and the values of Ay, are stored in these files, These files
look like the +tables of base failure rate,,xb; of diffe-
rent components where first record, corresponds to 0°C tem-
perature and the fields correspond to 0.1, 0.2, 0.3; 0.4,
0.5, 0.6, 0.7, 0,8, 0.9, 1.0 1loadings respectively. The
second record corresponds to 59¢ temperature and so on.

For resistors, these tables are TRES1, TRES2, TRES3,...etc.
For capacitors, these tables are CAP1, CAP2, CAP3,...etc.
For diodes, these are DIODI, DIOD2, DIOD3, ... etc, For
transistors, these tables are TRAN1, TRAN2, TRAN3, ,..etc.

Besides these database files, one file pnamed MODE is
also created where a particular record corresponds to a
particular component +type and the different fields denote
the different environments i.e. GB, Spr Gps +.. etc.
Environmental mode factor, g» can be found out corres-
ponding to a particular component type and specified envi-

ronment, The details of these databases are descri-

bed in Appendix - A and listed in Appendix - B, -
4,3 CALCULATION OF LOADING (ELECTRICAL STRESS)

For the computer aided analysis of an electronic

circult, the circuit is represented in terms of circuit
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equations with the help of suitable device models, There-
fore, a large set of algebraic differential equations has
to be solved for the analysis of large eleétronic circuits,
Such non-linear equation can be solved with the help of
Newton's method based algorithms, But Newton's method
gives overflow or slow convergence problem és higher order
derivatives are neglected in this method, Hence, Newton's
method is modified to overcome this problem. The software
packages [20, 21 ] have been implemented for d.c, and

transient analysis of the practical electronic circuits,

4,3,14 Transient Analysis:

The transient analysis denotes the time domain
response of the.circuif. The circuit equations are solved
at successive time points; begining with initial conditions
computed in d.,c, analysis. The circuit equations which
express the transient behaviour of a circuit can be written
by a set of algebraic and differential equations of the

form:
G (W, g, q, t) = O oo (4.1)

The vector function G comprises Kirchhoff's voltage
“and current law equations and the branch constitutive
equations, The vectors W(t) and q(t) are computed by
solving (4.1) for all the values of time in the interval to

tgt The step-wise procedure for transient analy-

max*
s5is is described as:
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Step 1 ¢

Step 2 3

Step 3

Step & :

Step- 5 2

Step 6 &

33

Given the initial time ty and initial conditions,
determine W(ty), q(tg) by d.c. solution, choose

an initial step size hq and set i =1.

Discretize q(t;)

Values of W(tj) and g(t;) are predicted from their
previous corresponding values using modified
Newton's method. These predicted values are used
as initial estimate for the solution of nonlinear

eqguations in step 5.

Estimate the truncation error in the discreti-
Zation. If the convergence criteria is not met
within specified maximum iterations then set

h; = h;/2 and go to step 2. Otherwise,compute
hew time step hi+1 such that hi+1 is maximum step

size with the allowable truncation error.

If t; < tmax’ then set i = i%*1 and go to
step 2. Otherwise, the transient analysis is

complete, -

4,3,2 D.C. Analysis:

In d.,c. analysis, the non-linear equations represen-

ting the circuit bechaviour are linearized around an

initial estimate, The ideal capacitors and inductors are



replaced by open and short circuit respectively and the
source value remains fixed in d,c, analysis, The d.c.
analysis of a circuit representing equation (4.1) gives
the values W and q for which é = 0. Now, equation (4.1)

becomes:
G (W, q, O, to) = 0 ...,(4.2)
The Stepwise procedure for d.c. analysis is as follows:

Step 1 Read circuit data and select suitable values for

L3

unknown nodal voltages,

Step 2

Determine the minimal spanning tree.

Formulate the linearized circuit equations by

Step 3
including contribution of each element of the
circuit in the admittance matrix G and current

vector B.

Step & Solve linearized circuit equations formulated

L3

in step 3 to calculate Newton's correction vec-

tor in nodal voltages.,

Step 5 Obtain the new values of unknown node voltages

(13

by adding algebraically, Newton's correction

vector to the corresponding nodal voltages,

(1)

Step 6 Compute the branch voltages from node voltages.,
Modify the Jjunction voltages of the diodes and

transistors (foreward biased) apprOpriateiy.
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Step 7 ¢ Determine the nodal vcltages from branch voltages
using the minimal spanning tree and node to
datun path matrix,

Step 8 ¢ If the circuit equations are satisfled with

‘specified tolerances, stop; otherwise go to

step 3.

The software packages [20, 21] for circuit analysis

(d.c. and transient behaviour) has been utilized and modified

to get the loadings of each component in the circuit. The
loadings are either the voltage ratigs (cperating/rated) or

the power ratios (operating/rated).

4,4 COMBINATION OF LOADING AND OTHER FACTORS IN dBASE
PROGRAMMING !

For each component specification, the analytical
model for the part failure rate, Ap, has been used, For
the calculaticn of part failure rate of eadh component in
the circuit, a program is written using dBASE III PLUS
programming language. The loading of each component along-
with other factors (temperature, environment, part specifi=-
cation, quality level etc.) are given as inputs to this
program. Finally, the failure rate of each component has
been calculated and recorded in a database file., At the

end of this output file, total part failure rate is also

recorded.

39



36

The program developed i8 a menu-driven sSysStem where
options can be simply selected to calculate the part
failure rate of a particular component in the circuit. The

details of this software package is described in Appendix-A,
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CHAPTER =~ V

COMPUTATIONS AND RESULTS

5.1 COMPUTATIONS

Before component parts can be properly selected
for' a specific circuit, the performance requirements and
environmental conditions under which the circuit is to
gperate must first be determined. The final choice is
based on electrical bircuit conditions and upon the physi-

cal dimensions,

A prime source of data on electronic component parts,
and their ability to perform under various environmental
conditions; is the military specification which applies

to the particular component parts,

A bipolar ECL Schmitt Trigger circuit,compri-
sing of five resistors and two transistors, shown in Fig,
5.1(a) is considered for reliability evaluation, The input
is set for a trapezoidal function of time as shown in
Fig. 5.1(b). The detailed information about the Spécifi-
cations and dimensions of the constituent component

parts are listed in Table 5.1.
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The operating temperature is 30°C. The environment
is Ground, Mobile and its symbol is GM. The values of the

resistances (in kilo-ohms) are defined in the Fig. 5.1(a).

rom the analysis of the circuit it is found that
electrical stress ratios of different components are 0,566,
0.245, 0,327, 0.345, 0,221, 0,001 and 0,127 respectively.
Moreover VCE/VCEO oflthe two transistors are found tc be
0.10 and 0.40 approximately., The total failure rate of the
circuit applying "Parts Count" and "Part-stress Analysis®

methods are computated in the following way.

(1) Parts Count Method

The general expr9551un for circuit failure rate as

descrlbed in chapter -III can be definédd as follows:

H ™S

'}‘\ ) . . 6
M sirouit 1.Ni (g = Q)i f,/10° hr. .. | (5.1)

i
From MIL-HDBK=217D (Tables 5.2-10, 5,2=-11, 5.2-12,
5.2=14), genecric failure rate (LAG) and quality factor

( “Q) can be found,

No, of fixed, wirewound resistors = 3

}G = 0,095 andv LI 1,0

No, of fixed, film resistor = 1
Ag = OTO12’ T = 1.0

No, of fixed, powar film resistor = 1
o = 0412, mg = 1.0



No, of Silicon, NPN transistor = 2

0,062, T = 1,0

7 G = Q

The values of ;\G and T q are valid for environment
'Gy' and quality Ilevel IM' for resistors and 'JAN' for

transistors.

Ncw, equation 5.1 becomes

A CTRCUTT 3x0,095x1,0+1x0,012x1, 0+1x0,12x1, 0+2x0, 062x1,0

0.285 + 0,012 + 0.12 + 0,124

I

0,541

Hence, in Parts ccuht method the total failure rate

of the Schmitt trigger circuit is 0,541 failures/106 hour.

(B)  Part-stress Analysis Method

The general part failure rate model for fixed resis-

tors described in Chapter-III is as follows:
A = A % % " i lur 6 5
*p My (Tg x R X Q) failures/10° hour ... (5.2)

where the general model to quantify b is as follows:
Jg H
]

G
T+273 S y (I*273
B("" NT ) [ (NE) (’1573 )
e

The general part failure rate model for transistors

described: in Chapter-III is as follows:
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| o y 6

kp =y ( Mo XTy X o XWp XN, X “C) failures/10°hr.

oo'(50[+)

WheI‘e \'\b = A eX * v(5-5)

s P ) o (273rTEAD)S §F (5.6
an X = o935 (ATIS T seelJe

M

The total failure rate is given in Table 5.1(4).

5.2 RESULTS

The tables of )\b (for different temperatures Vs,
electrical stress ratios) are in the form that temperatures
are described at a regular gap of 5 or 10°C and the stress
has 10 columns starting from 0.1 with a gap of 0,1, These
tables have been utilized here to calculate the part failure
rates in sucn a way that for any intermediate values of tempe-
rature or.stress, immediate next values  of ij has been
taken into account., This may cause a slight deviation from
the values of %b computed earlier. But this deviation 1is
too small to consider for total circuit failure rate cal-
culation. Moreover, the data base structure is utilized
here for calculating hy. The results in the report form

is tabulated in Table 5.2.
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CHAPTER - VI

CONCLUS IONS

!

Reliability is a consideration at all levels of elec=-
tronics from materials to operating systems because components
are made up of materials ; these components are used in a circuit
of increasing complexity., Therefore, at any level of develop-
ment and design of electronic ciréuits, it is necessary to find
the reliability of the circuit, An attempt has been made in
this dissertation to evaluate the electronic ciroﬁits,;with the
failure rate data obtained from field use of.pasf system,
using the database structures for the various/ data records. »

Two main limitations of reliability evaluation are
the. ability to accumulate data of known validity for future
application and the complexity of reliability evaluation tech-
nique, Data useful to design of electronic circuits for the
seIection; specification and use of components is highly scatt-
ered, But a thorough study and knowledge of the' military
component part specifications is the firét and probably the
most useful source., Out of the two techniques for evaluating
electronic circuits described in Chapter ~ III, the second
one, Part stress analysis technique, which required greatest
amount of detail and is applicable during the later design
phase; 1s adopted in this dissertation to calculate the

failure rate of any electronic circuit. As an example,



S T
s

Schmitt Trigger circuit [ fig. 5.1(a)] is taken for its
reliability evaluation., - The database structures for base
failure rates of different types of components are made.
These structures are handled in the program written to cal-
culate the part failure rate of the components. The diffe-
rent types of models of part failure rate are described in

Chapter - II,

The use of database structures and menu~driven progran
-show. that for evaluating any component part in the circuit
one - has to select the type of the component first and then
the other factors responsible for part failure of the asso-
ciated part are to be given accordingly, Final values of
part failure rates are stored in a database structure to have
an ided of differcnt application factors as well as the failure

rates,
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APPENDIX - A

SOFTWARE PACKAGE USING DATABASE STRUCTURES

Figure A-1 shows the organization of the computer

program for reliability evaluation of electronic circuits

using database structures for the failure rate data. The

brief description of various sub-programs are given below:

RELCKT

CAPREL

DIODREL

°
°

o
»

This is the main program for reliability evalua-
tion of electronic circuits (circuits consisting
of capacitors, diodés, resistors and transistors).
When this program is executed, it shows 4 options
to the user, Options are the component types

(capacitors, diodes, resistors and transistors),

This sub-program calculates the failure rate of any \3
capacitor, When executed independently or opted

from main program (RELCKT), it shows 10 choices

for 10 types cof capacitors, If a particular capa-
citor type is selected, it calculates the failure

rate using suitable part failure model of that

type of capacitor (as shown in table 2.1(c)).

This sub-program calculates the failure rate of any-
diode. VWhehn executed independently or opted from
main program (RELCKT), it shows 3 choices for 3
types of diodes, If a particular diode type is
selected, 1t calculates the failure rate using

preper part failure model as described in table 2.1(d),



1. — CREL1
2, - CRELZ2
3., (—- CREL3
4, t—— CREL&4
1 r— CAPREL
6. —— CREL6
7' e CREL?
80 o CRE]_IB
90 A CREILg
10, t— CREL10
1. b—— EXIT FROM SYSTEM
10 T DR.ELJ1
2., —— DREL2
2 +—DIODREL
30 | S DREI.13
4, b—— EXIT FROM SYSTEMQQ\
RELCKT 2, —— RREL2
(MAIN) %, L RREL3
4, }—— RRELL
5. —— RREL5
6. t——— RRELH
5|7 RESREL 7.l RRELY
8, ——--RRELS8
10, }—— RRZL10
11. +—— RREL11
12, t—— RREL12
13. L-~EXIT FROM SYSTEM
10 | — TREL1 .
2. b TRELZ2
7 TRNREL 37— TREL3
4, L EXIT FROM SYSTEM
5 ~-EXIT FROM SYSTEM
Fig, A-1 Organization of sub-programs for reliability

evaluation of electronic circuits,




RESREL

TRNREL

CREL1

CRELZ

.

it uses database file CAP1 and if 65°C €

This sub-program calculates the failure rate of

any resistor, When executed independently or opted
from main program (RELCKT), it displays 12 choices
for 12 types of resistors, If a particular resis-
tor tyre is selected, it calculates the failure
rate using the appropriate part failure model as

described in table 2.1(a).

This sub-program calculates the failure rate of‘
any transistor. When executed independently or
Optéd from main program (RELCKT), it displays

3 choices for 3 types of transistors, If a par-
ticular transistor type 1is sélécted, it calculates

the failure rate using suitable part failure model

as described in table 2.1(b).

This sub~program, when executed independently

or opted from CAPREL, calculates the failure rate

of paper & plastic film capacitor. If Ty, < 65% ,
£ g5°

TMM ~ 85 ?

file CAP2 is used. If 85°C < £1259, file

Tyax
CAP3 is used for base failure rate, X, Record
number 18 in the database structure MODE shows the

® g values for the different type of environments

as discussed in Chapter III.

This is for Mica capacitor, If Tyax

database file CAP4 is used and if 125°< TMAX

o)
< 125°¢,
N



CREL3

CREL4

CRELS

CREL6

CREL7

o0

[ XY

L1

L 1)

L1

150°C, CAP5 is used for N,. Record nc, 19 in

MODE denotes the = values for different

3]

-t

environments,

For Glass Capacitor. If Ty, € 125°C, CAP6

n
i
&

and if 125°C < T £150°C, CAP7 is used for

MAX

)b values, Record no. 20 in MODE shows the T

values for different environments.

For Cerapic capacitor. If TMAX £ 8500, file
CAPS and if 85°C < Ty, «125°C, CAP9 is used
for ij values, Record nc., 21 in MODE shows

the ‘EE values for different environments.

For Tantalum Electrolytic capacitor, If

Tyx € 125°C, file =~ CAP10 is used for Ny
Record no, 22 in MODE denotes the T ¥alues for

E
different environments.

For Aluminium Electrolytic capacitor. File
CAP11 is used to find kb' Record no, 23 in MODE

shows the 'nE values for different environments.

For Variable Geramic capacitor., If Ty, € 85°C,

database file CAP12 and if 85°C < £125%,

TMAX
file CAP13 is used to find >\b. Record no., 24
in MODE defines the ﬂE values for different

environments.

49



CRELS8

CREL9

CREL10

DREL1

DREL2

.o

-t

For Variable Piston-type capacitor. If TMAXS
125°C, file CAP14 and if 125°C < T,  £150°C,
file CAP15 is used to find .Xb; Record no. 25
in MODE shows the TR values for different

environments,

For Variable Air Trimmer capacitor. File CAP16
: : 0
is used to find Ab and TMAX £ 85°C., Record no.

26 in MODE shows the T values for different ,

B
environments.

For Vacuum on Gas capacitor, If TMAX K BSOC; file
: ) 0

CAP 17 and if 85°CcXK TvAX

is used to find %b. Record no. 27 in MODE

£100°, file CAP18

defines the T values for different environments.

E

This sub-program,; when executed independently or
opted from DIODREL, calculates the failure rate
of General Purpose (Silaécon or Germanium) diodes.
If a silicon diode 1is selected, file DIOD1 and
if a Germanium diode is selected, file DIOD2

is used to find Ny Record no, 16 in MODE

denotes the “E val&es for different environment.

This is for Avalanche and Zener diode, File
DIOD3 is used to find Ny. Record no. 17 in
MODE defines the T values for dif ferent

environments,

9 637
Central Library University ot Roora::
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DREL3

RREL1T

RRELZ

RREL3

RRELA

RRELS

L3

L3

o

.d

51

This sub=-program is for Thyristors. Database
Structure DIOD4 is used to find Aye The record
no. 17 in MODE defines the TEE values for diffe-

rent environments in this case also,

This sub=-program, when executed indepéndently
or opted from RESREL, calculates the failure
rate of Composition resistor. Database file
TRES1 1s used to find the base failure rate,

by Record no. 1 in MODE defines the T values

b
for different environments.

This is for Film resistor. If the specifica-
tion 1is either MIL-R-39017 or MIL-R-22684, file
TRES2 is-used to find Ap - Otherwise TRE3 is
used for that purpose. Record no, 2 in MODE file

is defined to give the different %y values,

For Power Film resistor. File TRESL is used
to find A_. Record no. 3 im MODE defines the

TEE values for different environments.

For Resistor network (film type). File TREST
is used to find the temperature factor T ..
Record no. &4 in MODE file gives the T g Vvalues
for different environments.

For Wirewound, accurate resistor, File TRESS

is used tc find .Ab. Record no, 5 in MODE shows



RREL6

RREL7

RRELS8

RREL9

RREL10

RREL11

.

.

ve

LX)

tne different 7IE valuas,

For Variable, Wirewound resistor. File TRES8
is used to find %b‘ Record no, 6 in MCDE

defines the different T values, File TRPTF

E

is used to find ™ of variable recsistors.

TAPS

For Wirewound, Precision resistor., File TRES9

is used to find A Record no, 7 in MODE gives

bl
the WE values for different environments.

File TRPTF is used to find 1ETAPS'

For Wirewound, semiprecision resistor, File
TRES10 is used to find )\b, Record no, 8 in
MODE defines the different TBE values, TRPTF

; a coa T ,
is usud.to find TAPS®

For Wirewound Power resistor.. File TRES11 1is
used to find %b. Record no. 9 in MODE denotes
the WE values for different envirocnments.

. - . Pz i
TRPTF is uSLd to find TAPS®

For Variable ncnwirewcund resistor. File
TRES12 is used to find A+ Record no, 10 in
MODE gives the WE values for different environ-

. ~ . ’n:
ments, TRPTF 1is alsc used to find TAPS®

For Variable Composition resistor., File TRES13

is used to find A Record no, 11 in MODE

b.
shows the nE factor for different environments.



RREL12

TREL1

TRELZ

8
L

L3

©

’/53

TRPTF is used to find T ApS®

For Variable Film and Precisicn resistor, File
TRES14 is used when the resistor specificaticn is
MIL-R-23285 and file TRES15 is used when the
resister specificaticn is MIL-R-39023, Record
ho. 12 in MODE denctes the Mo factor for

different environments,

This sub-program, when executed independently or
opted from TRNREL, calculate the failure rate of
Silicon/Germanium (NPN/PNP) transistors. If the
type of transiétor is Silicon and NPN, file
TRAN1 is used, If the selected transistor is
Silicon and PNP type, file TRANZ2 is used. If the
type is Germanium and PNP, file TRAN3 and for
Germanium and NPN type transistor, file TRAN4

is used, These TRAN database structures are
used'to find the base failure rate, >‘b’ Record

no., 13 in MCDE is used to consider the environ-

mental factor,‘EE.

This is: for Silicon or Gallium Field Effect
Transistor, File TRAN5 1is used tind >‘b‘
Record no. 14 in MODE shows the values of 7 B

for different environments.



TREL3 ¢ For Unijunction transistor. File TRANG is
used to find Ay. Record no, 15 gives the xp

values for different environments,

The values of different factors in the part failure
models are stored in the sub-programs related to a particular
component type. The values of part failure rate for different
components in the circuit are calculated and stored in a
database file named OUTPUT, In this tstructure all the
influencing factors for different component types are also
recorded, At the end of this file summation of all part
failure rates i.e,, the failure rate of the circuit, is
stored, The details of various input factors for different
component types are listed in figure A=-2, The figure A-2
shows the general information needed for different component
types. Variable names used of. different input factors in

this software are also given in the figure,

‘.5. |
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| RPPENDLY -B ,
Fig.b-1 FIE FACTOR FOR RESISTORS, TRANSISTORS DIOES & CAPACITORS

CONPON GE SF GF MSE NS AIT WP NFF HFA GH NHONUUAUT  NU BIF ARW USL ALF ML EL
ENT :

TYRE
RCOMF 1 L8 2,9 3.8 5.2 2.8 85 B 13 8.3 13 14 57 1nE 57 191 U % 49
RFLE 1 8.4 2.4 4.2 47 28 88 89 12 7.8 14 15 8.5 148 &7 19 I 17 3¢ 5l
RPONR 1 1.8 z.4 5.1 500 A2 1LE 12B le g, 18 1o 1.8 158 85 B W U 39 6bB
RNETH 1 L. 2.4 4.2 47 2.8 88 89 1 78 14 15 8.5 148 57 19 B 17 M 310
RUIRY 1 0.5 2.4 5.2 5.2 60 128 128 17 9.8 g 70 780 160 122 27 36 A% 41 blB
CRWME 1 Le 2.4 57 57 47 158 150 TR I T s S R TN 0 R R S I ¥ i g7d
RERP 1 1.0 2.4 8.4 B4 5B 4.8 740 M1 373 1LE AR EE 7121 81 1480
RGP . 1 LG 2.4 7. 7.8 5B 178 DD 0 6.8 77 2% &8 B0 182 W 3@ & 2
RepR 1 L@ 3.8 7.0 7.0 5.0 17,8 8.8 0 168 27 27 A p.B 186 B 8 @ @ @
RMe 1 LB 2.9 5.7 57 5. 188 1B.E 99 11,8 27 2% 1.8 15 1@ 39 5 61 1978
fCoM 1 1.8 1B BB 6.8 &0 2,0 200 99 170 320 34 7,0 LA 1RG4 62 547t 1IM
R 10 2.9 7.2 T2 5.8 180 188 L o7 1S S e 39 5 3 el 1g0d
TReM 1 B.4 5,8 9.8 9.8 128 (2.8 1%B {7 18.8 19 28 8.8 1.0 258 7 6 AR 44 890
FET { 8.6 4.8 6.8 6.6 128 128 2B 17 188 17 op 70.8 0. 2580 27 36 48 AL o
BN 1 LB 4R 9.3 9.3 (2.0 12,0 12,0 17 184 19 0 20.8 21D W8 0 36 4 4o 450
oD 1 1.8 3.9 4.8 48 122 120 122 17 18.8 19 2% 20.6 21,8 258 27 b 40 4l 490
WATHR 1 1.8 3.9 5.8 8.7 128 128 1Le 17 6.0 5 0 6.8 2010 B2 36 AB AL b9
PARER 1 L@ 2.4 44 57 48 97 93 13 7.8 13 15 1L 158 g.¢ 28 27 I 3 W
IR 1 LB 2.4 5.0 62 42 100 16D 1S a8 6 17 170 158 85 ¥ M M I b1
BASs ! LB 1.4 5.8 6.2 42 11,8 1LE 15 B 6 {7 (7.6 i5.8 8.5 23 X 3 J& o1l
CERAM 1 0.8 1.6 5.8 5.5 B LB tLe 15 7.8 16 g 17,0 12,4 1. M 32 W 36 418
NT 1 8.8 2.4 44 49 &8 %2 53 B 29 14 15 e 13 128 7@ 77 U U 538
BLELEC .1 LB 2.4 5.8 67 83 138 i 17 1o 19 28 2,8 13,8 17.8 27 36 42 41 &0 .
VARCER | @.8 3.4 7.8 7.8 5.7 178 7.6 73 9.8 28 27 3.0 0.8 (e 36 49 78 Gb SN
VeRPIS 1 LB 2.9 6.9 7.2 5714 150 5.7 77 24 .0 B4 VLB, 43 G4 A9 838
TN W O S S B Y BTV B ¥ Y YL g5 27353206118 3% 49 T8 36 958
VRCUUM 1 1.8 3.4 8.2 B2 B.D 5.5 0.0 B 18,8 28 30 350 240 17.0
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