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PREFACE
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The principal investigator for this project was Mr. D.W. Coit with
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1. INTRODUCTION

1.1 Purpose. The primary objective of this study was to develop a
failure rate prediction methodology which could be employed in the
reliability assessment of printed wiring assemblies and alternative types
of interconnection assemblies currently used in the electronics industry.
Different types of interconnection assemblies considered include double-
sided and multilayer printed wiring, solderless wrap, wrapped and
soldered, clip termination and discrete wiring with electroless deposited
plated through holes.

Previously documented field experience has indicated that the current
prediction methodology for printed wiring boards and connections as
presented in MIL-HDBK-217C, Reliability Prediction of Electronic
Equipment, is 1inaccurate. The current methodology has also proved
insufficient in regard to the full spectrum of available technologies.
This study involved the development of an interconnection assembly failure
rate prediction models which replace the current printed wiring board and
connection prediction models, increases prediction accuracy and expands
prediction capabilities to previously unexplored areas.

1.2 Background. Advances in the electronics industry dictate that
printed wiring assemblies and alternate types of interconnection
assemblies be compatible with highly dense circuit designs. Therefore,
the use of multilayer printed wiring boards is becoming more and more
desirable. However, there is a relatively lengthy time between design
submittal and finished product for multilayer printed wiring boards. This
is one of the primary reasons for the emergence of alternate types of
interconnection assemblies. The alternate interconnection assemblies,
most notably discrete wiring boards can also provide other distinct
advantages depending on the users particular needs. The choice of which
method of interconnection is most suitable for a particular application

must be decided after considering many different factors.



In most applications, any advantages offered by a particular type of

interconnection assembly are of Tittle or no consequence unless it can also -
provide reliable service over the expected 1ife of the system. Therefore,

there is a need for an accurate reliability prediction methodology capable
of considering the full spectrum of available interconnection assemblies.
It is particularly essential to accurately predict printed wiring assembly
failure rate because that is the most predominately used interconnection
technology.

Fajlure rate and mean time between failure (MTBF) prediction
capabilities are necessary in the development and maintenance of reliable
electronic equipment. Predictions performed during the design phase yield
early estimates of the anticipated equipment reliability and provide a
quantitative basis for performing design trade-off analyses, reliability
growth monitoring, maintenance action and spares allocation requirements,
and 1ife cycle cost studies.

A useful interconnection assembly failure rate prediction methodology
should afford the optimal consideration of those qualities common to
practical reliability assessment techniques including:

0 a relatively uncomplicated approach which is easy to use and does not
require intimate knowledge of device characteristics beyond readily
available information

0 the appropriate discrimination against device design and usage
attributes which contribute to known failure mechanisms

0 a dynamic, flexible expression, which, through simple modification,
allows for the evaluation of newly emerging technologies

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



‘This report describes the approach, results and conclusions of the
study and includes the proposed interconnection assembly reliability
prediction models to replace Section 5.1.13 of MIL-HDBK-2170.

2.  THEORETICAL ANALYSIS

2.1 Literature Review. A comprehensive literature review was

performed to identify all published information which is relevant to the
reliability of printed wiring boards, solder connections, discrete wiring
boards and alternate types of connections and interconnection boards.
Literature sources searched include the Reliability Analysis Center
automated library information retrieval system, the National Technical
Information Service (NTIS), the Defense Technical Information System
(DTIS), and the Government Industry Data Exchange Program (GIDEP). Addi-
tionally, wmanufacturers and users of printed wiring and other inter-
connection assemblies have supplied useful information and test results.

The primary objective of the literature review was to Tlocate
references whose content could be used to supplement the data analysis
process and to provide the reljability models with a sound theoretical
foundation. An effort was undertaken to investigate the fundamental
physical and electrical characteristics of each type of interconnection
assembly in order to identify the respective failure mechanisms and the
parameters having a significant impact on reliability. Once identified,
the failure mechanisms were further studied to determine which
combinations of the significant parameters would minimize and maximize
“their frequency of occurance.

Additionally, for types of interconnection assemblies which have been
developed more recently and for which there exists limited field data,
conclusions obtained through the literature review were merged with the
avaijlable data to develop a useful prediction model.



2.2 Theoretical Discussions.

2.2.1 Plated Through Holes (PTH). The PTH multilayer printed
wiring board consists of a number of layers of thin circuit boards which
are stacked one above the other and laminated into one monolithic assembly.
At the points of proposed interconnection, holes are drilled which pass
through the pads on the conductors of the inner layers which are larger
than the drilled hole. Drilling exposes a rim of copper around the entire
circumference of the hole. The copper on the individual layers in the
plated through hole is connected by copper plating. Plated through holes
are also used for interconnection on discrete wiring w/PTH assemblies. The
discrete wiring boards are plated in an electroless copper bath where
copper is deposited to form the component holes and make connections to the
discrete wires.

It is not uncommon to encounter manufacturing difficulties which
result in PTHs which are subject to the formation of barrel cracks. This
tendency to form barrel cracks is generally due either to imperfections in
the PTH barrel wall which greatly amplify the level of axial strains, very
poor effective ductility of the copper plating, or a combination of these
two factors. Poor drilling or excessive acid etching during the hole wall
cleaning process can lead to rough barrel walls. A level but thin plating
on the rough barrel wall may then result in localized stress concentrations
and large plastic strains. For certain copper electro-plating systems,
the rough hole wall may also have a detrimental influence on grain growth
and may produce locally weakened intergranular boundries which are easily
fractured. Even if the PTH walls are smooth, variable electroplating
processes may yield copper of very low conductivity.

A primary cause of printed wiring board failures is the mismatch of
thermal coefficients of expansion in the plated through hole. The thermal
coefficients of expansion for the copper plated through hole and the epbxy
glass substrate are not compatible. When exposed to thermal cycling, the
copper and the epoxy glass expand and contract at different rates creating



stresses in the plated through hole which can surpass the ultimate strength

of the copper plating. Under laboratory conditions, 98% of all multilayer
printed wiring board open circuits were found to be from 360° PTH barrel

fractures.l A possible solution to this problem is the use of polyimide as
a board material. Manufacturing difficulties have arisen, however, when
printed wiring boards have been made with polyimide and its widespread use
has not been observed.

PTH barrel stresses have been observed to be significantly higher in
the central portion of the PTH. Approximately 30 times as many PTH
failures were observed in the central 50% of the PTH in the laboratory.Z2
The tested multilayer printed wiring boards were compased of eignht circuit
planes. Internal circuit planes inhibiting free expansion and additive
loading on PTH lands were considered to be the principal reason for higher
centralized stresses. As the number of.interna1 circuit planes increase on
a printed wiring board, the stresses in the central plated through hole
region become larger.

Surface and internal land fractures were concentrated at the surfaces
of the printed wiring board. The larger stresses were observed at the
surfaces because those land areas have larger deflection than the internal
lands; therefore, a dramatic increase in land fractures is not expected to
correspond to an increase in circuit plane quantity. The stresss on the
internal lands are less than the stresses on the surface, but the sum total
of surface and internal land failures would be expected to increase as the
quantity of circuit planes increases.

1,2. Harley, Strong and Young, Reliability Investigation of Therma}

Stress/Fatigue Failure in Multilayer Interconnection Boards, RADC-TR-
70-192.




Additionally, the thickness of the plating presents an important
parameter effecting failure rate. Excessively thin plating in the PTH may
result in more observed fractures. Thicker internal lands cause higher
barrel stress by subjecting the PTH barrel to repetitive bending stresses
during thermal cycling. A precise matching of surface and internal land
thickness and barrel plating thickness is required to insure the highest
quality PTH.

2.2.2 Solder Connections. There has been considerable work done on
failure mechanisms in solder connections by Manko, Beal and Bangs,
Ehuwaites, Zakrayck and others. This section briefly discusses several of
the solder connection failure mechanisms. More detailed analyses are
identified in the bibliography.

Solder connections that contain copper~tin-intermetallics or gold-tin
intermetallics have ré1ative1y poor reliability characteristics. Test
results have shown that solder connection failures are accelerated by
pressure on the crack susceptible intermetallic compounds.

It has been shown in tests by Beal and Bangs that low frequency
thermal cycling of solder connections promotes cracking in 63 Sn - 37 Pb
alloy when cycled in the -650C to 1500C range. The influence of thermal
cycling is a primary cause of solder connection failure.

The plating process employed in the coating of 1leads prior to
soldering has frequently been found to be a source for defects that
contribute to solder connection failures. In most plating systems, organ-
ic polymers form and bath maintenance by carbon treatment is required to
eliminate or minimize the presence of organic impurities which can co-
deposit. Some of these polymers have extremely large molecules with
lengths of up to one-half to one micron. These materials usually are
readily absorbed by activated carbon and can be removed from the system.



The remaining polymer materials can be co-deposited, which can lead to
stresses or faults in the deposit, giving rise to corrosion sites.

Bath cleaniless is essential. If a bath is properly maintained, there
should be no problems with the electroplated deposit itself. An
interesting fact is that only 5% of the problems arising in corrosion
testing are due to plating systems that were not properly maintained, or
kept in a clean conditon. Experience has demonstrated that the substrate
being plated causes 95% of the subsequent failures. Take as an example a
typical screw machine or stamped part. - These parts normally have a surface
finish of approximately lum. Couple this with the fact that most metals
today are being improperly recycled, thereby causing inclusions of foreign
material (foreign metals and oxides of these metals). Accordingly, one
must consider not only the surface preparation that is necessary, but also
compensate for inclusions within the bulk, and also at the surface of the
part.

In wave soldering, the solder is pumped out of a narrow slot to
produce a wave or series of waves. The conveyor can be at a small angle to
the horizontal to assist drainage of the solder, and double waves or
special wave forms may also be used for this purpose. In cascade
soldering, the solder flows down a trough by gravity and is returned by
pump to the upper reservoir. These wave solder systems are excellent in
that a virtually oxide-free solder surface is presented to the part, and
removal of flux and vapors is also promoted by the flow of the solder.

Integrated wave soldering systems for printed wiring assemblies
provide units that can apply the flux, dry and preheat the board, solder
components, and clean the completed assembly. Some of the systems have
special features where the flux is applied by passing through a wave, by
spraying, by rolling, or by dipping. Several systems employ 0il mixed with
the solder to aid in the elimination of icicles and bridging between






