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ABSTRACT

Sophisticated computer tools and techniques have
been developed to increase the productivity of the
digital electronics desiyn and analysis process.
Computer aided design (CAD) tools presently exist
for schematic capture, routing, electrical simula-
tion, and reliability prediction. This paper
discusses some of the desiygn, analysis and predic-
tion issues, methodologies and critical tasks for
up-front computer-aided design for reliability of
digital electronics.
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INTRODUCTION

A well designed digital electronics assembly satis-
fies performance requirements and optimizes between
cost, scheduling, producibility and supportability
tradeoffs, Performance requirements are generally
functionally dependent. Electrical requirements
include conforming to signal distribution, power
distribution, board I/0 and yroundinyg rules,
reducing crosstalk, and minimizing routing track
Tengths to meet speed and transinission line spe-
cifications. Environmental reguirements include con-
forming to thermal Timits for individual components.
Mechanical requirements involve designing for sur-
vivability under vibrational and thermalmechanically
induced stresses. Manufacturing requirzments include
meeting geometric constraints for quality control,
and providing acceptable assembly conditions.

[t is apparant that perforinance requirements are
also tied to reliability. Desiyn for reliability
involves the quantitative assessment of a systems
reliabiltity prior to development, Design for
reliability also provides criteria for reliability
growth and demonstration testing, maintainability,
supportability and logistic cost studies. Up-front
reliability analysis and prediction in the electro-
nic design process has been shown [5,12,16,17] to
provide a reduction in the design flow time and a
savings in the total cost when calculated over the
lifetime of the product. It is therefore important
that reliability estimates be accurate and timely so
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that design tradeoffs and design decisions can be
confidently and effectively made.

The desiyn of digital electronics is highly labor
intensive, demands a significant amount of process
flow time, and involves difficult decision making
which is often beyond the expertise of a design
enyineer, To help the design engineer, computer
aided design (CAD) techniques have been developed to
handle some of the complex design tasks such as
routing and electrical simulation. New CAD tech-
nigues must now also be developed to integrate
design for reliability and optimize between the
design tradeoffs, In addition, many of the tradi-
tional design techniques must be evaluated in light
of their applicability in an integrated CAD environ-
ment,

RELIABILITY PREDICTION

In the design of digital electronics for reliabi-
lity, there are a number of handbooks, specifica-
tions and quidelines which can be utilized. When and
how these are used in the design and evaluation pro-
cess dramatically affects performance, scheduling,
costs and supportability. For example, the
MIL-HDBK-217E presents two reliability prediction
techniques used by the military and based on theore-
tical and statistical concepts: a parts count analy-
sis and a parts stress analysis. The use of a
particular technique depends on the design stage and
available design data.

In the parts count analysis method, the system
reliability is based on the number of part types
(resistors, capacitors, transistors, integrated cir-
cuits, etc.). Component attributes, functionality,
location and electrical interconnection with other
components in an electronics assembly do not affect
this reliability prediction, This technique only
provides a "bucket" type analysis which is appli-
cable during the proposal and early design stages
where the anount of detailed data is limited and a
rapid estimation of the feasibility {in terms of
reliability} of the design approach is needed.

A component’'s attributes, working parameters and
electrical and mechanical relationships with other
components are included in the failure rate calcula-
tion provided by the parts stress analysis. Since
detailed component parameters are utilized in the
analysis, this technique gives more accurate results
than the pdarts count method. For these reasons, the
parts stress analysis is typically applied during
the later stages of the desiyn evaluation process.,
The parts stress analysis requires that the junction
temperature of each cowponent is known. This in turn
requires a detailed thermal analysis be conducted.
As an estimate, the junction temperature is often
assuned to be dependent directly on an aibient tem-
perature, However, since thermal interactions are
neylected, this will result in an optimistic
reliability prediction,

In a detailed investigation [5], the effects of the
different reliability prediction methods were deter-



mined for a typical PCB design containing a mix of
59 digital micro-electronic components ranging in
complexity from SSI to VLSI, in addition to

resistors, capacitors, connectors etc. The board was

designed for conduction cooling through a cold
plate. A parts count analysis, a parts stress analy-
sis at various environmental temperatures excluding
thermal interaction effects and a detailed parts
stress analysis which included thermal interaction
effects, was executed, The chosen environmental fac-
tor corresponded to an airborne uninhabited fighter
which has associated with it an environmental tem-
perature of 95 degrees C. Simulations were also con-
ducted at heat sink temperatures of 20, 40, 60 and
80 deyrees C.

Table I presents a summary of the data obtained from
the tests. The total mean time between failure
(MTBF) was calculated under the assumption that the
total failure rate is the sum of the component
failure rates. The results show that deviations up
to 20% can arise in the prediction by excludiny the
thermal interaction effects., Furthermore, the parts
count analysis does not appear to be a good predic-
tive measure for reliability.

The consequences of inaccuracies on the design pro-
cess must be well understood, especially when
nonlinear functions such as exponentials, or non-
monotonic functions are used in modelling. Errors
can be further increased if inaccurate data is
introduced into tradeoff routines which apply multi-
variable optimization techniques.

TABLE 1

MEAN TIME TO FAILURE (HOURS)
ENVIRONMENT : AUF

Parts Count Analysis 17,863

Parts Stress Analysis

(Without Thermal Interaction)

Case temperature :

95 ¢ 5,828
80 C 11,625
60 C 249,317
43 C 66,330
20 C 112,148

Parts Stress Analysis

(With Thermal Interaction)

Heat sink temperature :

95 ¢ 4,653
80 C 9,130
6u C 22,971
40 ¢ 53,880
20 C 99,601

DESIGN FOR RELIABILITY

There are a variety of ways in which reliability can
be introduced into the CAD design process. Several
0f the more jmportdnt dpprodches are discussed
below.
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Preferred parts selection is a method whereby parts
(components or circuits) are chosen from a database
of parts which have tested and acceptable reliabi-
lity for a given mission environment, It is assumed,
generally based on field data, that such parts are
capable of withstanding the stresses for the pro-
posed mission,

Derating is a technique by which either the stresses
acting on a part are reduced or the strength of a
part is increased. The methodology behind derating
depends on the part type. For example, semiconduc-
tors are derated by maintaining the power dissipa-
tion below a rated level. Capacitors are derated by
maintaining the applied voltage below the rated part
voltage. Resistors are derated by maintaining the
ratio of operating power to rated power below a
fixed value. Derating levels usually correspond to
critical environmental stress factors,

Thermal reliability management involives the selec-
tion of the ccoling technology and the associated
parameters, ror examnple, if the heat dissipation per
unit heat transfer area is on the order of 10 W /sq.
cm., the designer may select a forced air convection
cooling mechanism, assuming that the added cost,
size, weight and the possible decrease in reliabi-
ity of the cooling technique are acceptable. Such
tradeoffs are especially important in military and
avionic electrical equipment where high reliability
is a critical factor and insight into the most effi-
cient cooling system design is necessary.

Cooling parameters can be bounded by examining the
1imiting component temperatures dictated by inherent
performance and reliability reqguirements. The maxi-
mum aliowable component temperature can be found in
manufacturers' cataloygs or military specifications.
For the forced convection example, the designer can
then select the flow rate, fin structure and inlet
temperature design parameters by conducting tradeoff
studies of these parameters as a function of the
failure rate or MIBF., Tradeoffs must also be
extended to the assembly level, Altoz et al., [16]
presented a wmethodology for the allocation of forced
air cooling resources for PCB assemblies.

Once the components, cooling mechanism and cooling
desiyn parameters have been chosen, layout of tne
PCB can be initiated, A variety of layout strategies
which consider thermal reliability issues have been
presented in the literature [4,7,10-167. The
reliability can also be improved by adding redun-
dancy, if extra space is available on the PCB or
dssembly,

As with other design processes, layout requires tnhat
design and manufacturing constrdints are not
violated, Figure 1 shows the results of a tradeoff
study [%) conducted on the effects of component pla-
cement on the reliability and routability of a den-
sely packed six layer PCB used 1n aerospace
applications. Four different component placements
were investigated, Placement 1 was an industry
desiygned PCB placed according to traditional routing
and thermal guidelines. Placement [! was placed
usiay a CALAY autoplacement routine, which has ds
its primary objective the minimization of wire-
lenyth, Placement 111 was p\aced to maximize thermal
reliability and in Placement 1V, a few sensitive
compunents were placed for reliability and the



remaining components were autoplaced. Figure 1 shows
the failure rate of the PCB in failures per million
hours, the number of vias, and the total printed
wire length, for each placement. Each PCB was routed
to 100% compietion in a day.

Upon completion of layout, a detailed thermal analy-
sis should be conducted. In 1982, the "RADC Thermal
Guide for Reliability Engineers", published by Rome
Air Development Center, estimated that a heat
transfer specialist with at least five years of
experience needed one week to do a 20 node model of
a printed circuit board and two weeks for a 70 node
model. Recently, more efficient programs, which make
use of sophisticated computer aided design and engi-
neering techniques have been developed to increase
thermal reliability design productivity. In fact,
models with 2,500 nodes can now be automatically
generated and a thermal and reliability analysis
executed in under an hour on a personal computer.

Design for reliability techniques which center
around determining the lncatien and maynitude of
stresses on critical parts, such as solder joints,
vias and connectors, must evolve simultaneously with
the PCB and assembly layout. An estimate of the fun-
damental mode of vibration can be calculated based
on the board dimensions, an uniformly distributed
weight, and simplified boundary conditions. This
gives the designer a base line resonant mode shape
of the PCB. Then, given the PCB transmissibility and
the loading conditions, the dynamic bending stresses
can be calculated and the expected areas of maximum
deforimation can be located. This estimate can be
imoroved once electrical and non-electrical com-
ponents are discretely placed, a finite element mesh
generated, and boundary conditions which more clo-
sely reflect those of the actual circuit board fix-
ture within the electronics assembly are applied.
Supporting mountings, ribs and stiffners can then be
incorporated into the design where applicable,

Stresses can arise from thermal, vibrational and
shock loading, as well as from coupled load effects.
The loading conditions should cover a range of such
coupled conditions, based on field data and pre-
dicted events with safety factors. Loading con-
ditions can also arise from indirect events such as
cyclic deformations due to inplane thermal expansion
mismatch, cyclic and transient thermal loadinyg con-
ditions, and Yoading due to temperature and time
dependent nonlinear material and metalluryical pro-
perties,

Once the analysis is complete, areas on the PCB
showing high thermdl gradients and high defor-
mation gradients are identified. The effects

of failure critical effects such as thermal
mismatch, solder joint fatigue, stresses on thin
vias, etc. can then be analyzed in detail and in
conjunction with specific fatique and fracture
models.,

As a result of the analysis, design changes can be
investigated. For example, materials comprising the
component package and the PCB may be matched, or
compliant solder tails may be used. However, once
again tradeoffs must be considered. Ceramic PCBs,
especially thick films, can be manufactured with a
thermal coefficient which matches hermetically
sealed DIPs and flatpacks. The disadvantage is that
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such boards are expensive and have a very high
dielectric constant which can cause electrical
problems. Another solution to the thermal mismatch.
problem is to use compliant solder tails to avoid
cracking resulting from thermally induced fatigue
and fracture. The disadvantages of using solder
tails include the additional use of board space and
the extended component profile,

RESEARCH TASKS

In order to create a CAD design process leading to
reliable digital electronics, a number of critical
design tasks must be addressed. They can be roughly
categorized as: advanced data management, design
rules and guidelines selection, modeling, criteria
assessment, and monitoring and evaluation. Details
are given below,

1) Design and performance attributes which are com-
mensurdate with the life cycle engineering design and
evaluation reguirements must be clearly specified.
This includes identifying the number, type and size
of fields which will be necessary to define an item,
For example, an integrated circuit is an item which
contains design attributes including: technology,
integration size, physical dimensions, number of
functional pins, number of gates, generic or base
failure rate, junction-to-case resistance, power
dissipation, and sealing type; performance attribu-
tes including propagation time, fanout, power con-
sumption, and noise immunity; and cost factors,
Attributes must also be specified for the PCB, the
solder, the cooling mechanism, etc.

Once the attributes are specified, database tools
are required for input and output (1/0), query, and
selection of both defined and calculated attributes,
based on tradeoffs, A variety of persistent rela-
tional database tools witn open architecture for
data [/0, query and select are presently being used
by electronics CAD vendors. However, additional
tools are required: to add and modify data formats
online to conform to different interfaces; to select
on combinad descriptive, discrete aumeric, and
numeric range data; to provide weighting factors;
and to record the sedrch criteria imposed by the
user,

2) Design rules, guidelines and rules of thumb wust
be input into a knowledge structure which can be
used to determine constraints, give guidance to the
designer, and in some cases automatically complete
part of the design, Examples of the latter include
silicon compilers for inteyrated circuit design, and
autoplace and autoroute routines for PCB design.
This trend of partially automated design will con~
tinue toward completely automated desiyns based on
specifications. At that point the role of the
enyineer will be to evaluate analysis results and
modify the design criteria. Such knowledye based
desiyn systems will be used to produce a series of
alternate designs resulting from the engineers
efforts to optimize the criteria and specifications,

In addition, a methodoluyy to introduce “word of
mouth" sources as well as lessons learned from the
field must be integrated. These form the critical
feedback loop from the field to design. Methoas
which can shorten the time of this loop will enable
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