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May 2013 Featured Content |
SMT Assembly Processes, Part 2: SOLDERING TECHNOLOGY

SMT &

The May issue of SMT Magazine focuses on soldering issues, including voiding in QFN packages and gull
wing joints, the formation of tin whiskers, solder capacity, and lead-free soldering. The issue features
authors from Rehm Thermal Systems and Balver Zinn who examine the surface tension and load-carrying
capacities of solder and Seth J. Homer and Dr. Ron Lasky of Indium who discuss ways to reduce voiding in
QFN packages. Additional articles and columns from industry experts, including, Dr. Jennie Hwang, Zulki
Khan, Sjef van Gastel, Karla Osorno, and new columnist Rachel Short can be found in the issue as well.

18 Surface Tension and 40 Inclusion Voiding in Gull Wing
Load-Carrying Capacities Solder Joints
of Solder by Theron Lewis, Jim Wilcox, and
by Dr. Hans Bell in cooperation Cheikhou O. Ndiaye

with Thomas Kolossa, Peter Fischer,
and Balver Zinn

30 Minimizing Voiding in
QFN Packages Using
Solder Preforms
by Seth J. Homer
and Ronald C. Lasky

//77//// /

4 SMT Magazine « May 2013







MAY 2013

vOLuMe 28

NuMBeR 5

www.smtmagazine.com

11

55

55

16

62

38
68

82

eNGINeeRING
SOLUTIONS

FOR pcB
MANUFACTURING

CONTENTS

VIDEO INTERVIEWS
Advances in 8
Materials Jetting '

A Focus on
Reliability
and the
Environment

12

REAL TIME WITH... =
NEPCON China 2013 k&%
Photo Gallery
Nearly 180 photos
from the show floor

56

64

SHORTS B \T§_£~¥u=-
Novel Technique ~ e
Could Lead to NG e S 70

: R e
Better Capacitors = g « m* %

Nanowires Grown
on Grapene:

A New Paradigm
of Epitaxy

74

TOP TEN MOST-READ NEWS
Supplier/New Product

Mil/Aero 84

SMTonline 85

6 SMT Magazine « May 2013

COLUMNS
Think Globally,
Act Locally

by Ray Rasmussen

Tin Whiskers: Clarity First
by Dr. Jennie S. Hwang

Get More (Products)
Out of Your Day
by Sjef van Gastel

Introduction to Stencil Printing
by Rachel Short

Why Reshore? |
by Karla Osorno

Proper Documentation

Demands Dummy-Proof
Instructions
by Zulki Khan

m
EXTRAS Lz
Events Calendar 3’ 'J

Advertiser Index & Masthead


www.smtmagazine.com




cOLuUMN

THE WAY | SEE IT

oooooooooooooooooooooooo

Think Globally, Act Locally

by Ray Rasmussen
I-cONNecTO007

SUMMARY: Serving two masters, IPC has to
walk a fine line. Maybe the organization has to
delineate itself a bit more, by region, so that it can
better support its members in different parts of the
world.

The Manufacturers Alliance for Productivity
and Innovation (MAPI) issued a new economet-
ric forecast model based on a report by The As-
pen Institute in early April that shows “ample
potential for U.S. manufacturing to undergo re-
surgence by 2025.” Thomas J. Duesterberg, As-
pen’s executive director, stated, “The robust re-
sults presented in the study are achievable with
only modest acceleration of current trends, and
none of the policy recommendations mark a
radical departure from current policy trajecto-
ries. But they require a willingness to change in
a disciplined way.”

The report goes on to give specifics:

¢ “The manufacturing share of value-added
in the resurgence scenario would grow to 15.8%
of GDP in 2025, a proportion not seen since
1998, compared to 11.1% in 2025 under the
baseline forecast.”

¢ “Manufacturing employment in the resur-
gence scenario would grow by 307,000 per year,
or an increase of 3.7 million jobs by 2025, com-
pared with essentially flat growth, or 23,000
workers per year, in the baseline scenario.”

The 32-page report is worth taking a look
at, especially if you're invested in U.S. manu-
facturing. It looks at trade, energy, and regu-
latory policy, in addition to labor force, taxes,
and research. I haven’t looked at all the issues



http://www.mapi.net/research/publications/manufacturing-resurgence-modest-policy-shifts-would-have-significant-benefits
http://www.mapi.net/research/publications/manufacturing-resurgence-modest-policy-shifts-would-have-significant-benefits
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THINK GLOBALLY, ACT LOCALLY continues

involved in something like this, but on the sur-
face it sounds like it’s doable and a good idea.

Divided Loyalties

I get a regular newsletter from MAPI. There’s
plenty of good stuff about U.S. manufacturing.
Although I've never seen much about our in-
dustries, MAPI is all about supporting U.S. man-
ufacturing. That’s their charter. No confusion
there.

That brings me to IPC. On the one hand,
IPC’s strong push into global markets makes a
lot of sense to its globally-focused members.
Having IPC on the ground in China, India,
and elsewhere, to establish its standards and
educational services and prepare the masses to
build products for their global customers
(and IPC member OEM, EMS, and PCB
companies), seems to make a lot of
sense. There’s another side to
this, though.

IPC’s membership is
made up of mostly small,
regional manufacturers
servicing domestic mar-
kets. They don’t care that
IPC is a global association
and most believe they don’t
benefit from those efforts. In
fact, many believe IPC’s inter-
national focus hurts their businesses.
The more educated and technically pro-
ficient foreign competitors become, the
harder it is for a domestic manufacturer
to compete. I would argue that globalization
along with truly free trade (which is rare) will
theoretically benefit even regionally focused
manufacturers since the markets for their cus-
tomer’s products are increased by opening mar-
kets around the world, ultimately. If a domes-
tic fabricator or EMS can offer the best value to
their customers, then they will reap the benefits
of the huge new markets opening up for their
customers around the world.

Serving two masters, IPC has to walk a fine
line. With many IPC board members represent-
ing multinational companies, there’s a lot of
pressure for IPC to have activities in the mar-
kets its members serve. Those members (board
members) understand the importance of the
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markets around the world. They have based
their business models on global business strate-
gies. But what about the rest? Who's watching
out for them?

It almost seems like it would be a conflict of
interest these days for this now-global associa-
tion to aggressively work to promote and sup-
port a business climate that would enhance the
environment for manufacturing...in the U.S.
only. What about members in other countries?
Why should they pay dues to strengthen the
U.S. manufacturers? It seems to be a conflict
of sorts. IPC does invest in U.S. government

relations programs, which are
mostly focused on envi-
ronmental issues or issues
like conflict minerals. And
IPC did spend resources to
help with equipment depre-
ciation recently, which helps
lower costs for U.S. manufac-
turers, but does nothing for
IPC dues payers in Malay-
sia, the UK, or Brazil.

Now, I know that the
groups pushing IPC in-
creasingly onto the glob-
al stage probably have
two reasons for doing so.

), First, it’s self-serving. They
~ need a consistent playing
field from which to operate
around the globe. Second, IPC will become de-
creasingly relevant if it doesn’t step up and play
a strong role where electronics manufacturing
is taking place. Having “our” association as a
premier global organization on par with SIA,
SEMI, etc., is ultimately good for our industry,
here in the U.S.

It’s Not New

The industry has been struggling for decades
over IPC’s forays into global markets. Even in
the ‘80s and ‘90s, IPC was challenged by small-
er members to not lose sight of the U.S. mar-
ket and focus its efforts at home. Since IPC has
been the de facto global industry association
since the beginning, it has always been pulled
to far corners of the globe by fledgling indus-
tries seeking support. IPC gladly sent its reps to


http://www.ipc.org/ContentPage.aspx?pageid=IPC-Board-of-Directors

give presentations and workshops. Those early
trips helped lay some of the groundwork for the
industries we see today.

This report got me thinking, again, about
the importance of a national association that
supports manufacturing in North America.
Maybe IPC has to delineate itself a bit more, by
region, so that it can better support its members
in different parts of the world. IPC NA for ex-
ample or IPC Europe could have a board made
up of domestic fabricators, assemblers, and sup-
pliers with its own domestic agenda. Certain-
ly, aspects of that agenda would dovetail with
what IPC Global is doing and vise-versa. Maybe
this is already underway with IPC’s recent hire
of an IPC China president and vice president.
But, as the IPC puts on a more universal face,
it might be time to consider regionally autono-
mous leadership at the board level.

IPC President John Mitchell and his crew
have been tasked with doubling membership.
Much of that effort will be as a result of mem-
ber satisfaction (perceived value from current
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THINK GLOBALLY, ACT LOCALLY continues

members as well as from potential members).
One way to do that is to be sure members feel
the love and know that their investments into
their association aren’t all going overseas to
educate and support their competitors. Giving
smaller companies a home might be a great way
to drive membership growth and truly offer do-
mestic companies (wherever your “domestic”
may be) a collective voice, responsive to their
very specific needs. And, when we need it, we
have IPC Global to quash the next lead-free ini-
tiative to come down the pike.

That’s the way I see it. smt

Ray Rasmussen is the publisher
and chief editor for I-connect007
publications. He has worked in
the industry since 1978 and is
the former publisher and chief
editor of CircuiTree Magazine.
contact Rasmussen here.

Video Interview

Advances in Materials Jetting

by Real Time with...
IPC APEX EXPO 2013

The jetting of materials such

as adhesives and solder paste
has significant advantages over
dispensing. Dan Ashley, market
specialist at Nordson ASyMTeK,
joins Guest editor Dr. Ron Lasky
to discuss these advantages and
share information about a new
jetting nozzle featuring improved °
throughput and ROI advantages sansss
invented by his company.
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Tin Whiskers: Clarity First

by Dr. Jennie S. Hwang
H-TecHNOLOGIeS GROup

SUMMARY: Lead-free solder comprises a wide
array of alloy systems and each system can be
modified in numerous ways. A test scheme to repre-
sent lead-free is a daunting task with an astound-
ing price tag. Dr. Jennie Hwang advises that any
tin whisker propensity study be conducted with a
specific alloy composition, as clarity is the name of
the game.

Concerns over tin whiskers have intensified
in recent years. Various research and studies
have delivered burgeoning reports and have ap-
peared in industry publications. The tin whis-
ker issue, and its potential mishaps, has been
recognized for more than six decades in elec-
tronic, electrical, and industrial applications.
So, what is new?

This series will address the practical and
pragmatic aspects of the tin whisker phenom-
enon with a light touch on scientific back-
ground. Before I delve into the gist of tin whis-
kers, several areas should first be clarified.
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Metal Whiskers

Metal whiskers formed from the surface of
metals are not limited to tin whiskers. In addi-
tion to tin, metals that have exhibited whiskers
include: Zinc, cadmium, silver, gold, alumi-
num, copper, and lead. Whisker formation and
its resulting shape and size depend on the time,
temperature, substrate, surface condition of the
substrate, surface morphology, plating chem-
istry, and plating process. The rate of whisker
growth also depends on a list of factors includ-
ing those mentioned above.

Whiskering is an intricate and complex pro-
cess, calling for atomic-level considerations. A
plausible metallurgical mechanism of tin whis-
ker formation is yet to be detailed and I will ad-
dress this in a future column.

Whiskers Versus Dendrites

Whiskers share commonality with dendrites
in two ways: 1) Both are the result of a physical
metallurgical process, thus following the prin-
ciples of physical metallurgy; and 2) both can
cause product failure.

But a metal whisker is not metallic dendrite.
Dendrites, fern-like in appearance, grow across
the surface of the metal. Metal whiskers, fila-
ment- or mound-like in shape, often grow by
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TIN WHISKERS: CLARITY FIRST continues

protruding from the surface at a right angle.
Whisker growth does not require moisture. In
contrast, dendrite growth requires moisture
that is capable of dissolving the metal into a so-
lution of metal ions. The metal ions are then
redistributed by electromigration in the pres-
ence of an electromagnetic field. Tin whisker
formation does not require either dissolution of
the metal or the presence of an electromagnetic
field.

Tin Whisker Versus Tin Pest

Pure tin, a silver-white, lustrous, malleable
metal at room temperature, has two
allotropic forms—beta phase
and alpha phase. An allotropic
transformation is found to oc-
cur at approximately 13°C and
significantly accelerated at
approximately -30°C. At the
transformation temperature,
tin changes from its metallic
crystalline form (white tin)
to a non-metallic powdery
form (grey tin). This transfor-
mation from beta-phase with
crystal structure of bcc to al-
pha-phase of diamond cubic
crystal leads to a large-volume
expansion, resulting in brittle
structure and frailty. This pro-
cess is known as tin pest. Tin
pest creates another concern
for the use of pure tin in end-
use applications.

Tin whiskers and tin pests
are separate metallurgical phe-
nomena. However, tin whiskers
can be accelerated by autocatalytic “tin
pest” expansion under extreme environments,
aggravating the probability of product failure.

Practical Criterion

Metals can whisker when the right condi-
tions are met so the evaluation of tin whisker
propensity and growth rate should be put in
the context of relative formation rate under a
select set of conditions. For electronic and elec-
trical applications, the renewed concern about
tin whiskers is largely the result of the conver-
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For electronic and
electrical applications,
the renewed concern
about tin whiskers
is largely the result
of the conversion
from tin-lead
coatings to lead-free
(or tin coatings)
for component leads
and PCB surface
finishes.

sion from tin-lead coatings to lead-free (or tin
coatings) for component leads and PCB surface
finishes.

Thus, the relative performance in reference
to a tin-lead benchmark which has demonstrat-
ed satisfactory whisker-resistance should be the
criterion, not the absolute performance.

Whisker-Resistant,

Not Whisker-Proof
It is reported that 90Sn10OPb coating has
grown whiskers under elevated temperature ag-
ing. It should be noted that there is not an ab-
solute alloy remedy since 90Sn10Pb
coating was found to produce
whiskers as well. Overall, for
testing or evaluation on the
whisker propensity of an alloy,

key questions to address are:

e Is the system whisker-
prone or whisker-resistant
(not whisker-proof)?

e What is the system’s
whisker resistance when com-
pared to the intended bench-
mark?

Lead-Free Solder Versus
Tin Whiskers

An SAC alloy (SnAgCu al-
loy) is lead-free, but a lead-free
alloy is not necessarily an SAC.

This designation is particularly

important as more viable lead-

free alloys become commercially
available. A number of SAC alloy
compositions are commercially available
and the number of the compositions is loom-
ing. A specific composition of an SAC should
be noted; e.g., SAC10S5 has different mechani-
cal behavior and physical phenomena from
SAC30S.

In whisker phenomenon, the physical met-
allurgy engaged in the process is complex and
intricate—a compositional shift and/or an ad-
dition of extraneous elements to a base alloy
system can dramatically change its whisker pro-
pensity.


http://en.wikipedia.org/wiki/Electromigration
http://en.wikipedia.org/wiki/Electromagnetic_field
http://en.wikipedia.org/wiki/Dissolution_(chemistry)
http://en.wikipedia.org/wiki/Autocatalysis
http://en.wikipedia.org/wiki/Tin_pest
http://en.wikipedia.org/wiki/Tin_pest
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The bottom line is that an alloy, SAC or not to mention that each alloy system can
otherwise, does not represent the material be modified in numerous ways. A test scheme
world of lead-free unless a sufficient testing to represent lead-free is a daunting task with
scheme comprising representative materials is  an astounding price tag. Tin whisker propensi-
designed and the representative tests are con-  ty studies should be conducted with a specific
ducted to validate the representation. Lead-free  alloy composition, as clarity is the name of the
solder comprises a wide array of alloy systems, game. smt

Dr. Hwang will present two lec-
tures related to electronics man-
ufacturing at the International
conference of Solder Reliability,
May 14, 2013, in Toronto,
canada.

Dr. Hwang, a pioneer and long-
standing contributor to SMT manufacturing
since its inception as well as to the lead-free
development, has helped improve production
yield and solved challenging reliability issues.
Among her many awards and honors, she has
been inducted into the wiT International Hall of
Fame, elected to the National Academy of en-
gineering and named an R&D Stars to watch.
Having held senior executive positions with

Lockheed Martin corporation, Sherwin wil-
liams co., ScM corporation and leM corpora-
tion, she is currently ceO of H-Technologies
Group providing business, technology and
manufacturing solutions. She is a member

of the u.S. commerce Department’s export
council, and serves on the board of Fortune
500 NySe companies and civic and university
boards. She is the author of 350+ publications
and several textbooks and an international
speaker and author on trade, business, educa-
tion and social issues. Her formal education
includes four academic degrees, as well as the
Harvard Business School executive program
and columbia university corporate Gover-
nance program. contact her at (216) 577-
3284; e-mail JennieHwang@aol.com.

Novel Technique Could Lead

to Better Capacitors

A new process for growing forests of manganese
dioxide nanorods may lead to the next generation of
high-performance capacitors.

As an energy-storage material for batteries and ca-
pacitors, manganese dioxide is cheap, environmentally
friendly, and abundant. However, chemical capacitors
made with manganese dioxide have lacked the power
of the typical carbon-based physical capacitor.

Michigan Technological university scientist Dennis
Desheng Meng theorized that the situation could be
improved if the manganese dioxide were made into
nanorods, which are like nanotubes, only solid instead
of hollow. until recently, researchers have been able
to grow nanorods that either have the best crystalline
structure or were aligned, but not both.

Now, Meng’s research group has developed a
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technique to grow manganese dioxide nanorods that
are not only straight and tall (at least by nano-stan-
dards), but also have the optimal crystal structure,
known as a-MnO.,,.

The nanorods display minimal internal resistance,
allowing the capacitor to charge and discharge repeat-
edly without wearing out.
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The non-aligned manganese dioxide nanorods on the left were
made using conventional methods. The aligned nanorods on
the right were grown in Dennis Desheng Meng’s lab using elec-
trophoretic deposition. Photos by Sunand Santhanagopalan.
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by Dr. Hans Bell, ReHM THeRMAL SySTeMS,
in cooperation with Thomas Kolossa
and Peter Fischer, Balver Zinn

SUMMARY: Manufacturers rely heavily on the
load-carrying capacity of molten solder millions
of times a day. An in-depth knowledge of surface
tension values makes it possible to confirm which
components are compatible with an upside-down
soldering process. This article reveals the processes,
and results, used to determine the surface tension
values of various solders.

Introduction

Reflow soldering on both sides of a board
is standard procedure in the SMT manufactur-
ing process. When the second component side
is soldered, the components hang upside-down
on the PCB. When the reflow process reaches its
peak range, the possibility of remelting previ-
ously finished solder joints cannot be ruled out,
which leaves the component hanging directly
from the molten solder.

Manufacturers count on the load-carrying
capacity of molten solder millions of times a
day. Figure 1 shows a component hanging from
a drop of solder. Molten solder is entirely capa-
ble of bearing considerable component weight.
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Figure 1: Demonstration of the load-carrying
capacity of molten solder.

The surface tension (s) of the molten solder
is decisive with regard to the load-carrying ca-
pacity in the event of a second reflow process.
Knowledge of surface tension values makes it
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SURFACE TENSION AND LOAD-CARRYING CAPACITIES OF SOLDER continues

possible to successfully determine which com-
ponents are compatible with an upside-down
soldering process. Surface tension is defined as
the force (F) required to stretch the surface di-
vided by the length of border line (L).

Load-carrying capacity C, . of molten solder
can thus be calculated as follows:

CLC=0-L

The circumference wetted by the molten
solder is defined by border line (L). For a chip
capacitor or a resistor, this is the circumference
of both front surfaces and lands; for a multipole
component L is, for example, the sum of all cir-
cumferences of the gull wing solder joints of an
SO component.

Surface Tension of Molten Solders

In collaboration with Balver Zinn, the sur-
face tension values of various solders were de-
termined (Table 1).

Sn60Pb40 is a solder for lead-containing
applications. Solder bath temperatures of 245
to 255°C (depending on PCB layout) are rec-
ommended for wave soldering. Depending on
technical requirements (e.g., selective solder-
ing), soldering temperatures may lie within a
range of 245 to 300°C.

The Sn99Cul alloy can be used for wave sol-
dering and hot-dip tinning wherever noticeable
copper leaching does not affect the reliability
and usability of the solder joint. Special atten-
tion must be paid to solder bath management.
Depending on copper drag-in into the solder

bath, it may be necessary to recharge with
Sn99.9 (pure tin) instead of the solder alloy, to
limit copper content.

SN96C solder (SnAg3.8Cu0.7) is a standard,
lead-free eutectic solder commonly used in Eu-
rope, with whose processing many years of ex-
perience has been gained in the field of lead-
free electronics production. SnAg3.8Cu0.7 can
be used for wave soldering, selective soldering,
and hot-dip tinning. It has the lowest melting
point of all lead-free tin-copper and tin-silver
alloys.

However, no special demands can be placed
upon copper leaching when this alloy is used,
which can be seen in the comparison shown
in Figures 2 and 3. Copper leaching tests were
executed with a selective soldering system at a
solder temperature of 360°C in a nitrogen at-
mosphere. Loss of mass was determined for a
copper wire with a diameter of 6 mm during
dwell time in the selective soldering system'’s
dynamic solder bath.

As a specialist for micro-alloyed solders, Bal-
ver Zinn presents the optimized i-SAC305 alloy
based on SnAg3.0Cu0.5. The solidifying charac-
teristics of SnAg3.0Cu0.5 have been improved
by adding cobalt (Co). Cobalt (Co) results in
a finer and more homogenous microstructure
(Figure 4). The homogenous microstructure
leads to a smooth, glossy solder joint. Further-
more, the solder is doped with germanium to
reduce dross formation and to improve the flow
characteristics of silver-containing solders.

Alloys (e.g., SAC0703) are doped with nickel
(Ni) and germanium (Ge) to compensate for

. Diameter Melting Point or Flux Content

Solder Wire/Alloy [(nin) Melting Range (%]
S-Sn60Pb40 1.0 183-190° C With flux

S-Sn60Pb38Ag2 0.3 176-189° C 2.5
Sn60Pb38Cu2 1.0 183-190° C 2.2
SNT100C SnCu0.7Ni 1.0 eC 22
SN96C-SnAg3.8Cu0.7 1.0 21E 2.2
Sn99Cul; FC 2.2% 0.7 227°C 22
SCAN-Ge 0703; FG 3,5% 1.0 20022287 3.9
1-SAC305-SnAg3.0Cu0.5Co 1.2 217-219° C 2.2

Table 1: examination of the utilized solders.
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Figure 2: copper wire g 6 mm, miniwave 360°c, immersion time 40 min/25 min.

(Source: Balver Zinn 2012)
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rglle§:sin:£d ncreasmg Figure 3: copper alloy with use of different solders.

Germanium is an an-
tioxidant agent which
reduces dross formation (oxide formation).
Combined doping of the solder with Ni and Ge
allows for improved tear-off performance of the
solder when the PCB is removed from the sol-
der wave. This results in significantly reduced
bridging.

(Source: Balver Zinn 2012)

The SN100C alloy is a nickel-stabilized (Ni),
eutectic tin-copper solder (SnCu0.7Ni), which is
additionally doped with germanium to perma-
nently reduce oxidation of the solder. Depend-
ing on the soldering process and the process
conditions, the antioxidizing effect of germa-
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(center), Sn3,6Ag1,0cu0,15co; and 4c (right), Sn3,6Ag1,0cu0,45co. (Source: I. e. Anderson et al,
“Alloying effects in Near-eutectic Sn-Ag-cu Solder Alloys for Improved Microstructural Stability™)

—

—

Shrinkage Cavity
100y m

Figure 5: Micrographs of THD solder joints—5a (left), Sn3,5Ag0,5cu, and 5b (right),
Sn3,5Ag0,5cuNiGe. (Source: N. Hidaka et al, Nihon Superior and Balver Zinn, 2006)

nium may be diminished as of a Ge content
of less than 0.002%. The Ge content of solder
baths can be adjusted through the use of DES-
OXY RSN (SnGel).

The use of SN100C results in solder joints
with gloss characteristics similar to those ob-
tained with lead-containing solders. Com-
pared with conventional SnCu and SnAgCu
solders (Figures 6 and 7), SN100C causes sub-
stantially less copper leaching, minimizing
the risk of unacceptable reduction in electric
and thermal conductivity. And, thus, reduced
copper leaching allows for more constant
process management and helps to reduce
material consumption. Reduced tendency to-
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ward bridging must be especially stressed for
SN100C.

According to an independent ELENET study,
SN100C is the most widely used wave solder in
Europe. In particular, this alloy is preferred for
the higher process temperatures associated with
selective soldering.

Figure 3 elucidates the fact that at higher
process temperatures, the use of SN100C with
increased copper content (SN100C3, Cu con-
tent: 3% by weight) is advisable to minimize
copper leaching.

In 2005, Balver Zinn lot SN100C was deemed
the most reliable soft solder for wave soldering
on the basis of tests conducted by NASA.
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Cu-Abldsung (Leaching) in Gramm pro Stunde bei 270°C
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Figure 6: copper alloy with usage of different solders. Selective soldering system solder bath tempera-

ture 270°c. (Source: Balver Zinn)

Figure 7: copper alloy with usage of different solder alloys—7a (left), SnAg3,8cu0,7; 7b (center),
SnAg3,5cu0,5; and 7c (left) Sn100c. (Source: Keith Sweatman, Nihon Superior und Balver Zinn 2012)

Experimental Setup to Determine
Surface Tension of Molten Solders

A relatively simple test setup was used to
determine surface tension, which consisted es-
sentially of a temperature-controlled, handheld
soldering iron with temperature measurements
conducted at its tip by means of a thermocouple
and a thermal imaging camera. Figure 8 shows
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this test setup with the additional externally
attached thermocouple. The thermal imaging
camera made it possible to assess heat distribu-
tion within the molten solder at the tip of the
soldering iron and the test object hanging from
it (Figure 9).

Various types of components and lengths of
copper wire were used as test object.
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Figure 8: Test setup for determining
surface tension.

Results

While the measurements were being per-
formed, it quickly became apparent that ac-
tual components are not suitable for ascertain-
ing meaningful surface tension values. This is
due to greatly differing wetting characteristics
which result in a widely varying border line
(L). Table 2 shows the results obtained with i-
SAC305-SnAg3.0Cu0.5Co solder for an average
solder temperature of 308°C.

These values are considerably lower than
those found in the literature. Tauchmann [Jens
Tauchmann Messer Group, April 21, 2005, SMT
Trade Fair, Nuremberg, Germany] indicates a
value of 490 mN/m for lead-free SnAg3.8Cu0.7
solder in an air atmosphere. Components are
not suitable for determining surface tension,
but values obtained with them can be compared
with laboratory values to arrive at safety factors
for soldering upside-down. A comparison of the
mean value shown in Table 2 with values speci-
fied in the literature would indicate that a safety
factor of greater than 2 is entirely reasonable for
actual production conditions. We will return to
this aspect at the end of this article.

Measurements conducted on lengths of cop-
per with specified diameters (1.35 and 1.75 mm)
were much more successful. Surface tension was
determined at various solder temperatures—the
soldering station was set to the following tem-

Figure 9: Thermal image obtained during a measurement.

Surface Tension
[mN/m]
Component Mean Value

189

Individual Values
SMD supercap 253
SMD supercap 261
SMD supercap 153
SOT232-3 223
SOT232-3 169
SMD diode 148
SMD diode 174
Micro-fuse 163
SMD pushbutton 150
SMD ceramic capacitor 200

Table 2: Values for actual components; solder
type i-SAc305-SnAg3.0cu0.5co.

peratures: 320, 330, 340 and 350°C. Tempera-
tures measured at the tip of the soldering iron
were used for evaluation. Table 3 lists several of
the results obtained with a solder temperature
of 320 to 330°C.

On the basis of other measurements as
well, the fact is confirmed that SnPb solders (in
this case Sn60Pb40) have less surface tension
than lead-free SAC305 (in this case i-SAC305-
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Hulder Surface Tension
Solder Wire/Alloy Temperature
°C] [mN/m]

S-Sn60Pb40 326 323
S-Sn60Pb38Ag2 327 330
Sn60Pb38Cu2 326 342
SN100C SnCu0.7N1 321 313
Sn99Cul; FC 2.2% 325 325
SN96C-SnAg3.8Cu(.7 323 315
SCA 0703; FC 3.5% 325 Sl
1-SAC305-SnAg3.0Cu0.5Co 324 336

Table 3: Surface tension of various solders.

SnAg3.0Cu0.5Co), thus frequently resulting in
better wetting characteristics for tin-lead solder.
As temperature rises, the solder’s surface tension
drops as a rule. Figure 10 shows the mean val-
ues of our measurement results for SAC solders,

Surface Tension [N/m)]

-—&—SnAg3,8Cu0,7

as well as the calculated
trend lines (linear regres-
sions).

The reason that sur-
face tension drops as
temperature rises can be
found in the physics of
liquids. Work must be
executed to cause a mol-
ecule to move from the
inner regions of a liquid
to its surface. At higher
temperatures, the mobil-
ity of the liquid’s mole-
cules increases, and thus
less work is required to
enlarge the surface.

However, in the case of soldering, we're deal-
ing with chemical and metallurgical processes
which stand in opposition to this general trend.
During soldering, the solder interacts with its
bonding partners; in our case the copper in the

y =-0.7897x+ 595.94
RZ=0.6053

y = -0.3734x+ 438.69
R2=0.313

R2=0.1181

@

Temperature [°C]

¢ SnCu0,7Ag0,3

Figure 10: Surface tension of SAc solders.
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® y-=--0.1753x+373.61 ®

B SnAg3,0Cu0,5Co
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Figure 11: Surface tension trend lines: Quadratic regression.
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Figure 12: Surface tension for tin-copper solders.

lengths of copper wire used as test objects. The is thus changed during the soldering process.

consequence is dissolution of copper into the Our measurement results also demonstrate
solder and the formation of an intermetallic  this effect (Figure 11). At first, the surface ten-
phase—the original composition of the solder sion of all examined SnPb solders and the i-
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SAC305 solder comply with the general trend of
decreasing values. But this trend is reversed at
a temperature of between 320 and 330°C, and
surface tension increases again.

If solders with reduced leaching character-
istics are used (in our examinations the follow-
ing tin-copper solders: SN100C SnCu0.7Ni and
Sn99Cul), the trend is not reversed within the
examined range of temperatures (Figure 12).

Load-Carrying Capacities of Molten Solder

The load-carrying capacity of the molten
solder must always be greater than weight force
(F,,, of the respective component. The weight
force of the component can be determined with
a scale. For example:

The diode shown in Figure 1 (left) weighs
approximately 0.18 g and the solder has wetted
a circumference of approximately 5 mm. If the
surface tension of i-SAC305 (Table 3) is plugged
into this sample calculation, we arrive at a load-
carrying capacity of C . =336 0.004 = 1.7 mN.
Effective weight force (F,, of the diode amounts
toroughly 0.17 g 9.81 m/s? =1.7 mN. Figure 1
also shows how the solder already begins to be-
come elongated—in this case its load-carrying
capacity is nearly exploited.

To assure reliable manufacturing, load-car-
rying capacity (C, ., should be at least twice, and
preferably four times as great as, the weight force
(F,,, of the upside-down component. This safe-
ty factor is necessary because additional influ-
ences may minimize load-carrying capacity in
the actual soldering process. The fact that wet-
ting deficiencies can reduce maximum achiev-
able border line (L) has already been discussed
above (Table 2), and leaching effects change the
composition of the solder as well and, thus, its
surface tension during the reflow soldering pro-
cess. In addition to this, the actual manufactur-
ing process is subject to vibration and accelera-
tion which are transferred from the reflow sys-
tem’s conveyor to the PCB. The effective weight
force of the component at any given moment is
influenced by changing acceleration.

Due to the fact that in most cases only those
surface tension values which are cited in the lit-
erature are available to the manufacturer, and
since wetted border line (L) in not precisely

known, a safety factor is advisable in any case
when estimating load-carrying capacity.

For example, a safety factor of 4:

FW £ 4x CLC
F, £, 4xsxL

where L=n1l

n: Number of connectors on the component
1: Length of a connection wetted by the solder
s: Surface tension of the solder

F,: Weight force of the component

C,.: Load-carrying capacity of the solder smr

Dr. Hans Bell is head of the
Development and Technology
department at Rehm Thermal
Systems. He began his career
developing sensors at Applika-
tionszentrum (application cen-
tre) Berlin. Dr. Bell worked for several years

in the werk fur Fernsehelektronik and was
responsible for the optimisation and devel-
opment of manufacturing technologies for
optoelectronic components. until 1999 he
was a manufacturing technologist in charge of
production-oriented tasks in the development
of solder bonding technologies at DeTewe in
Berlin. He received his doctorate at the Techni-
cal university of Munich.

Balver Zinn Josef Jost GmbH & co. KG, lo-
cated in Balve, Germany, is a leading manu-
facturer of solders, high-quality anodes, alloys,
and wires for the electronic industry. Lead-free
products are one of the company’s core com-
petencies. The family-owned and operated
company became active in the metal and met-
alworking industry in the late 19th century.
Today, third-generation family members, Josef
and Gregor Jost manage the company which
employs more than 100 globally, including
global sales and distribution.
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Voiding Iin
QEN Packages
Solder

by Seth J. Homer and Ronald C. Lasky
INDIuM cORpORATION

Editor’s Note: This paper was first published as
part of SMTA International Proceedings.

SUMMARY: QFNs can be a challenge to assem-
ble, especially when it comes to voiding, but the
addition of a solder preform can reduce the prob-
lem by increasing the solder volume of the joint—
all without adding flux volume.

Abstract

According to Prismark Partners, the use of
quad-flat no-leads (QFNs) is growing faster than
any package type except for flip-chip chip-scale
packages (CSPs). Prismark projects that 32.6
billion QFNs will be assembled worldwide by
2013, which represents 15% of all integrated
circuit (IC) packages.

However, QFNs can be a challenge to assem-
ble, especially when it comes to voiding. In most
QFN assembly processes, solder paste is used as
a means of attachment. This approach can be
problematic, as excessive voiding often occurs
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due to the lack of standoff on the component
and the high flux content of the paste. The ad-
dition of a solder preform can reduce such void-
ing by increasing the solder volume of the joint
without adding flux volume.

Adding preforms to an assembly process is
very easy. Preforms are packaged in tape-and-
reel for easy placement by standard pick-and-
place machines, right next to your compo-
nents. The focus of this paper will quantify the
preform requirements and process adjustments
needed to use preforms in a standard SMT pro-
cess. In addition, experimental data showing
void reduction using preforms will also be pre-
sented.

Introduction

Advances in flux formulations and particle
size distribution have led to increased capabili-
ties for solder paste; however, some challenges
still exist, especially as related to specific com-
ponents. One component in particular is quad-
flat no-leads (QFNs).

QFNs are close to the size of a chip-scale
package. In addition to having no leads, QFNs
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o
crn 7

Figure 1: A QFN showing its leads and thermal
pad.

have a thermal pad to conduct heat out of the
integrated circuit (IC) in the QFN into the print-
ed wire board (PWB). Figure 1 shows a QFN with
its leads and thermal pad.

QFN packages are slated to have one of the
highest growth rates in the next few years, pre-
dicted to be over 15% per year by Prismark Part-
ners. This growth is understandable as QFNs
are desirable for assembling miniaturized per-
sonal electronic devices such as mobile phones.
With approximately 3 billion worldwide mobile
phone subscriptions, a number approaching
half of the world’s population, mobile phones
are rapidly becoming the defining electronic de-
vice of this era. So, miniaturized packages, such
as QFNs, will continue to be in demand into the
foreseeable future.

Unfortunately, when assembling QFNs,
voids can form in the reflowed solder paste
under the thermal pad. This paper will review
steps to minimize this type of void formation
by using solder preforms.

How Voids Form in QFNs

In the typical QFN assembly process, solder
paste is printed on the PWB lead pads, as well
as the PWB pad for the QFN thermal pad. The
QFN component is then placed. The QFN de-
sign leaves little vertical space between the QFN
thermal pad and the PWB pad. Therefore, dur-
ing the reflow process, it is difficult for all of the
flux volatiles to escape from the area of the QFN
thermal pad.

This phenomenon is exacerbated by the fact
that solder paste is approximately 50% flux by
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Figure 2: An X-ray image of the voiding between
the QFN thermal pad and the pwB.

Figure 3: lllustration of the result of thermal path
obstruction and localized heating.

volume. As a result of these trapped volatiles,
voiding is common (see Figure 2). In addition
to this concern, some QFN designs are too large
and demand more solder than printed paste
can deliver to the solder joint. In these cases,
the lack of solder is responsible for the void-
ing, which can result in poor thermal conduc-
tivity between the QFN pad and the PWB. This
poor thermal conductivity can lead to the IC
overheating and can then cause near-term IC
failures, in addition to long-term IC reliability
risk. Figure 3 shows a thermal image of such an
overheating IC.
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Freescale Semiconductor

_ ) AN1902
Application Note Rev. 4.0, 9/2008
PCB Land Pattern Stencil Aperture
QFN
4x4 9x9 4x4 9x9
Version E S E S E S E S
Lead pad width (mm) 0.37 0.37 0.28 0.28 0.32 0.32 0.28 0.28
Lead pad length (mm) 0.92 092 069 0.69 0.75 0.75 0.69 0.69
Pitch (mm) 0.65 0.65 050 0.50 0.65 0.65 0.50 0.50

Aspect ratio

Area ratio

Table 1: An example of stencil calculation based on the Freescale QFN Application Note AN1902.

Acceptable voiding level criteria vary de-
pending on the component and the applica-
tion, but the most common QFN concern is
with the largest void created on the thermal
pad. A solder preform, in conjunction with the
paste deposit, will assist in reducing the size of
these large voids, as well as reducing overall
quantity of voids.

QFN Voiding Solution Using
Solder Preforms

Approaching a solution using a solder pre-
form requires attention to the following areas:

e Stencil design;

e Preform geometry;

e Placement parameters;

¢ Preform flux coating; and
¢ Reflow profile.

Stencil Design

Stencil design parameters vary when using a
solder preform. However, results indicate that
stencil designs that maximize the solder paste
under the component result in less voiding,
indicating that a maximum amount of solder
is required under the QFN. Following the QFN
manufacturer’s design recommendations is a
good starting point.
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Preform Geometry

Experimentation has shown that the best re-
sults are achieved when the solder preform oc-
cupies approximately 80 to 85% of the area of
the PWB pad, and is approximately 50% of the
printed paste thickness. However, a minimum
preform thickness of 0.0015” is required to pre-
vent preform bending.

The ratios in Table 2 are not fixed; they are
merely a starting point. For instance, a larger

pad area might
require a solder
perform closer to
80% of the pad
area. However, the
solder paste must
provide tack for
the preform and
the QFN. There-
tfore, allowing for
paste around the
perimeter enables
the solder paste
on the edge of the
preform to pro-
vide good tack to
the QFN. This will
help prevent skew-
ing during reflow.

Preform Design:

QFN

4x4 9x9
Thermal Pad
219X 211X 1.5
Preform Geometry
1.83x 1.83] /.25 1.25
.002" .002"

Table 2: calculation for a
suggested solder perform
dimension.
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&

Paste

nent seats well in the paste
along the perimeter of the
preform (Table 3).

Increased placement pres-
sure on the solder preform
can result in its bending. The
pick-and-place nozzle should
occupy the most surface area
possible on the preform (Fig-
ure 5). The best nozzle will
support the preform to pre-
serve flatness, as bending can
result in skewing of the QFN
at reflow.

Perform

PWB

Figure 4: lllustration of a rectangular solder preform placed on the
solder paste.

- Flux Coating
Poor

on 2n

The interface between
5n 3n Fair the top of the solder preform
4n 3n Good and the thermal pad on the

Table 3: placement pressure in Newton’s.

Placement Recommendations

Since the solder preform is packaged in
tape-and-reel, its placement can be manipu-
lated easily to achieve the desired result. To
ensure there will be sufficient tack to hold the
QFN component, the preform must be pushed
into the paste far enough to allow for the sol-
der paste contact to the QFN (Figure 4). If this
result isn’t achieved, component floating will
occur. The solder preform placement force is
critical, as the preform still needs to be as flat
as possible after it is placed into the paste.
In addition, component placement pressure
should be increased to ensure that the compo-

QFN does not contain paste;
therefore, there is no flux to
prepare the surface for solder
wetting. This shortcoming
can also cause excessive void-
ing. The solution is a flux-coated solder preform
(Figure 6). A solder preform, coated with NC-9
flux at 1 to 1.5% by weight, will be sufficient to
ensure good wetting without incurring voiding.
The flux coating must be deemed compatible
with the paste used.

Reflow Profile

When adding a solder preform to the pro-
cess, reflow profile adjustments are not speci-
fied or required. In cases of low thermal mass,
a more linear profile is acceptable, but in cases
of high thermal mass, a soak profile is required.
The addition of a solder preform has actually

- Preform /

Figure 5: The desired relationship between the nozzle and the solder preform.
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Figure 6: To minimize voiding, the solder

Flux Coating

To minimize void-
ing, design consider-
ations should include

e Stencil design:
Manufacturer
recommended;

e Solder preform
geometry:
Approximately
85% thermal pad

preform must be fux-coated as shown.

been shown to reduce variability from one
board to the next and is tolerant of reflow pro-
file adjustments.

Collaborative Testing Overview

To evaluate the effectiveness of solder pre-
forms in minimizing voiding in QFNs, a collab-
orative investigation was performed. The criti-
cal parameters in this study are listed below

¢ QFN thermal pad dimensions (dims):
2 mm X 2 mm;

e Paste: No-clean solder paste with
89% SAC387, Type 3;;

* PWB pad dims: 2 mm x 2 mm,;

¢ Stencil dims: 2 mm x 2 mm x 0.004”

thick;

e Preform dims: 1.7 mm x 1.7 mm x 0.002”
thick;

¢ Flux coating: NC-9 @ 1.0% by weight;
and

¢ Profile: Soak.

The resulting voiding average was less than
10% and improvement from the initial voiding
average can be as much as 50% or more of the
solder joint.

Conclusion

As stated, voiding under QFNs is attributed
to flux entrapment and/or lack of solder in the
joint. The addition of a solder preform dramati-
cally increases the solder content without ex-
cessive flux. The additional solder density resid-
ing in the center of the pad also inhibits the
development of a large void.
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dimensions and
50% paste
thickness;
¢ Placement parameters: Increase
placement pressure, muzzle selection;
e Flux coating: Required for solder
preform/QFN interface; and
¢ Reflow profile: Dependent/flexible. smt
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Indium Releases New PoP Solder Paste

Indium9.91 is a no-clean solder paste designed
for use in package-on-package (pop) applications
0.3 mm and larger. Its rheology optimizes both
dipping and package retention. The paste eliminates
defects due to package warping, provides excellent
solderability, features a long pot life, and provides
consistent solder paste volumes.

Koh Young Truck Tour Rolls Through
the U.S. Southwest

The tour brings the best that 3D inspection
technology leader Koh young has to offer in Spl and
AOI systems to 25 states throughout the continental
u.S. for a span of 90 days. The tour involves more than
60 hands-on equipment demonstration locations
designed to make it easier and more convenient for
engineers to experience the equipment frst-hand.

JTAG CoreCommander Checks-Out
FPGA Zone

corecommander for FpGAs, from IJTAG
Technologies, offers a generic solution based on
vHDL code that allows engineers to bridge from
the standard JTAG test and programming port (TAp)
to proprietary Ip cores (e.g., DDR controllers, e-net
MAc, uSB controllers, etc.) and harness them for test
purposes.

EMS Provider BTW Invests in Aegis
MOS Software Suite

eMS provider BTw Inc. has purchased an entire
suite of Aegis MOS software modules to support their
continued expansion into demanding military and
medical market areas. This investment was to provide
speed to revenue, mistake-free manufacturing
processes, and accelerated reporting capabilities for
use by both BTw’s management and customers.

Fuji Electric Partners with Zollner on
EV Chargers

“Fuji electric has built a 90-year reputation
on its high manufacturing standards, and Zoliner
electronics Inc. immediately jumped to the top of
our list when we were seeking a u.S. partner for local
design and manufacturing of our Dc Quick charger,”
said Larry Butkovich, Fuji electric’s general manager
of ev Systems. “working with Zollner allows us to
continue using Fuji electric’s core technology while
quickly responding to local market demands here in
the u.S.”
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Manncorp Unveils BR790-HD Rework System

The BR790-HD rework system allows operators
to safely remove, align, place, and solder BGAs,
cSps, ultra-fne-pitch QFps, and other delicate, heat-
sensitive SMDs with ease. The system’s 1.3 million
pixel, split-vision optics, and 15” high-resolution
display make fast, accurate work of component
alignment via superimposed images of leads and
solder pads.

Indium Continues Expansion;
Creates Nanotech Team

Indium corporation announces the creation of
a Nanotechnology Team to support the company’s
continued expansion into novel nanotechnology
materials and markets. “Nanotechnology” is a
term that describes materials that are less than 100
nanometers (0.1microns) in one or more dimensions.
It also encompasses products that are made using
nanotechnology, as well as products that are used
in nanotechnology-based processes and materials
manufacturing.

Chemtronics Debuts Konform Utra

chemtronics’ Konform® ultra-fast-dry acrylic
conformal coating is formulated to provide maximum
process throughput while maximizing insulation
protection against high-voltage arcing and corona
shorts. It quickly dries to the touch, allowing for fast
production turnaround. The coating provides a hard,
durable protective barrier against humidity, salt,
corrosive vapors, and fungus for pcB and electronic
assemblies.

LPKF StencilLasers Can Now
Produce Step Stencils

exciting news from LpKF’s process engineers:
StencilLasers can now produce high-precision steps
in solder paste stencils, given suitable process control.
The process was presented at SMT Nuremberg 2013
by the Garbsen, Germany-based specialists in laser-
based micromachining and is described in detail on
the company’s website.

Scorpion Implements eez-Technology

essemtec has implemented eez-technology for
its dispensing system Scorpion. The technology
is already successfully used on the pick-and-place
machines paraquda and cobra. Scorpion can
dispense up to 120,000 dots per hour with an
accuracy of 51 pm (30).
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by Theron Lewis, Jim Wilcox,
and Cheikhou O. Ndiaye
IBM cORpORATION

SUMMARY: While solder voiding in BGA solder
joints has been extensively investigated and char-
acterized, solder voiding phenomena in other SMT
soldering configurations and their reliability im-
pact have not been as clearly identified. Authors
from IBM define and examine voids encountered in
gull wing solder joint geometries.

Editor’s Note: This paper was originally pub-
lished in the Proceedings of IPC APEX EXPO, Las
Vegas, Nevada, February 28-March 1, 2012.

Abstract

Solder voiding in ball grid array (BGA) sol-
der joints has been well characterized and docu-
mented in IPC-A-610 and IPC-7095 which define
industry recommended BGA solder workman-
ship criteria and methods of inspection. Solder
voiding limits associated with other, non-BGA,
SMT solder joint types however are neither well
defined nor well understood in the industry.
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According to IPC guidelines, the amount
and size of solder voids are simply to be speci-
fied by customer/vendor agreement. In the ab-
sence of well-defined voiding criteria though,
the morphology of solder joint fillets seen in
final visual inspection often becomes the sole
arbiter of solder workmanship and quality.
Among the various SMT solder interconnect de-
signs used in IBM applications, one of the more
common SMT leaded structures is the gull wing
design found on SMT connectors.

Three distinct types of solder voiding have
been observed in these gull wing solder joints:
Solder inclusion voids, solder exclusion voids,
and solidification hot tears. The most preva-
lent of the three has been inclusion voids, also
known as solder process voids. Such solder in-
clusion voids in SMT leaded solder joints have
been observed using either IR/convection or va-
por phase reflow processes.

This paper provides definitions of the dif-
ferent voiding types encountered in gull wing
solder joint geometries. It further provides cor-
responding reliability data that support some
level of inclusion voiding in these solder joints
and identifies the final criteria being applied
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for certain IBM server applications. Such ac-
ceptance criteria can be applied using various
available X-ray inspection techniques on a pro-
duction or sample basis. The bulk of supporting
data to date has been gathered through RoHS
server exempt SnPb eutectic soldering opera-
tions, but it is expected to provide a reasonable
baseline for pending lead-free solder applica-
tions.

Background

Solder voiding has been a common phe-
nomenon in mass reflow soldering processes
used in the server/telecomm industries, being
variously characterized as process anomalies,
process indicators and/or solder defects. As sur-
face mount technologies have taken precedence
over pin-through-hole (PTH) technologies, ball
grid array (BGA) components have been the
main vehicle for industry classification of sol-
der joint voiding. A solder void is defined here
as a hole or enclosed volume of space within
the solder joint that lacks solder material. This
space may be comprised of a combination of
gas, solid residues and liquid non-metallic ma-
terials, or possibly vacuum. The main classifi-
cations of solder voiding within BGA and PTH
soldering applications have been identified by
Aspandiar [1] as the following:

Inclusion/Macrovoids: Voids containing
by-products that result from fluxing reactions
inherent to the solder reflow/melting process.
Also known as process voids, these voids gen-
erally do not affect interconnect reliability un-
less they are present at interfacial regions of the
solder joints where cracks can form or they ac-
cumulate at other regions of local stress concen-
tration.

Planar microvoids: Small voids resid-
ing substantially in a common plane at the in-
terface between the PCB lands and the solder.
These voids are uncommon on PCBs using OSP
finishes, but can occasionally be found on PCBs
with fusible metal surface finishes such as im-
mersion silver [2]. Such metal surface finishes
can entrap hollow caverns within the finish
deposit as an artifact of the deposition process.
These caverns would, in turn, locally outgas
during soldering to produce fine arrays of in-
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terfacial voids. Planar microvoids are generally
not detectable in time zero functionality test,
but can seriously degrade solder joint reliability.

Shrinkage voids: Voids caused by the vol-
ume shrinkage of the solder alloy on the phase
change from liquid to solid. There is a low in-
cidence of shrinkage voids in SnPb eutectic
soldering. They are seen more frequently with
SnAgCu solder alloys. These voids necessarily
form in the regions of the joint that are last to
solidify, most frequently in the middle regions
of the solder joint furthest removed from the in-
terfacial intermetallic regions formed between
the solder and base metals of the components
leads or PCB lands. There are no documented
instances showing that shrinkage voids affect
solder joint reliability.

Microvia voids: Voids that are formed
from the outgassing of microvias in a PCB land,
either capped or open. Voids are usually a con-
sequence of solder reflow and the characteris-
tics of the micro-via. Large micro-via voids lo-
cated in stress concentration points within sol-
der joints and high stress areas of a package can
possibly affect reliability of the interconnect [3].

Intermetallic microvoids: Voids that
form within the intermetallic compound (IMC)
between the base metal of the component lead
or PCB land and the solder. These voids do not
form immediately during the soldering process,
but grow after extended thermal aging. IMC
microvoids can substantially degrade the inter-
connect reliability through embrittlement of
the interfaces [4].

Pinhole microvoids: Voids caused by en-
trapped PCB fabrication chemicals within pin-
holes of the Cu lands or PTH walls that react
during the reflow soldering process. The pin-
holes occur due to outgassing within the cop-
per plating process at the PCB fabricator [1].

IPC-A-610 [5] and IPC-7095 [6] define BGA
solder workmanship criteria and methods of in-
spection, respectively. Solder voiding limits as-
sociated with other, non-BGA, SMT solder joint
types however are neither well defined nor well
understood in the industry. According to IPC
guidelines, the allowable level and size of non-
BGA solder voids are simply to be specified by
customer agreement. In the absence of well-de-
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fined voiding criteria though, the morphology
of solder joint fillets seen in final visual inspec-
tion often becomes the sole arbiter of solder
workmanship and quality. The objective of the
present work is to provide meaningful accep-
tance criteria for solder voids encountered in
gull wing solder joint geometries.

This work provides supporting reliabil-
ity data to safely allow some level of inclusion
voiding in such solder joints and
further identifies the final ac-
ceptance criteria being applied
for certain IBM server applica-
tions. The proposed criteria
can be applied using available
X-ray inspection techniques
on a production or sample
basis with verification by de-
structive techniques such as
cross sectioning or dye-and-
pry inspection. The bulk of
supporting data have been
gathered from SnPb eutectic
soldering operations (RoHS
server exempt), but are ex-
pected to provide a reasonable
baseline for pending lead-free
solder applications as well.

Industry Specifications
for Solder Voiding

As stated previously, the
most commonly referenced
industry standard for solder
joint workmanship, IPC-A-610,
defines acceptability criteria for
solder voids within BGA solder joints. For most
IBM server applications, Class 2 requirements
apply and IPC-A-610 workmanship criteria are
followed with only minor modifications. For
Class 2 product, IPC-A-610 defines BGA solder
voids to be a defect is when the cumulative pro-
jected area of all voids in any given solder ball is
greater than 25% in an X-ray image. IPC-7095 is
much more comprehensive in its treatment of
voiding in BGA solder joints; describing sources
of voiding, how to calculate the void percent-
age guidelines, how to inspect for voiding, pro-
viding recommendations for control limits for
multiple applications and providing methods

According to IPC guidelines,
the allowable level and
size of non-BGA solder voids
are simply to be specified
by customer agreement.
In the absence of well-
defined voiding criteria
though, the morphology
of solder joint fillets seen in
final visual inspection often
becomes the sole arbiter of

solder workmanship and For
quality. The objective of the
present work is to provide
meaningful acceptance
criteria for solder voids
encountered in gull wing
solder joint geometries.

of process characterization with multiple cor-
rective action recommendations for specific
BGA applications.

Of note, IPC-7095 states that, “Current in-
dustry data suggests that voids in the solder
joint are not a reliability concern. In fact, the
appearance of a void after assembly reflow is an
indicator that the reflow process has taken place
and the BGA ball has changed characteristics.”

Most research agrees that voids by
themselves are not a reliability
concern, but rather the loca-
tion of the voids within the
solder joint that determines
their negative impact, if any,
on the reliability of the joint.
Voids forming at the inter-
metallic layers/interfacial
surfaces near the base met-
als of the component metal
leads or PCB lands can be
stress concentration points
for cracking during aging
and environmental stress sit-
uations [7].
non-BGA  solder
joints IPC and other indus-
try standards for voiding are
not as rigorous. IPC-A-610
declares, “Blowholes, pin-
holes, voids, etc.,” to be
process indicators for Class
2 product “providing the
solder connection meets all
other requirements.” Thus it
stipulates no limits on the size of
internally contained solder voids in SMT gull
wing joints. IPC-A-610 does define acceptable
and unacceptable workmanship criteria for sol-
der joint fillets. If the amount of voiding is ac-
ceptable to the customer and the solder fillets
meet [PC-A-610 workmanship criteria then the
solder joint meets required form, fit, and func-
tion for all classes. IBM restrictions on solder
voids have in the past also been vague, in that
for non-BGA solder joints the solder voiding
shall be less than 25% of the solder joint [8]. At
the present, there is no viable non-destructive
technique that can be used to implement this
acceptance criterion in production, limiting its
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usefulness. Considering that server applications
are using increasingly more solder intercon-
nects that are non-BGA, including SMT array
backplane connectors, this criterion needs to be
redefined [9].

Voids Observed in SMT Array
Connector Gull Wing Joints

Inclusion Voids

The most frequently observed solder voids
in leaded SMT array connectors are inclusion
voids. Similar to BGA process voids, these gull
wing inclusion voids are large macrovoids gen-
erated by flux reaction by-products entrapped
in molten solder. Solder inclusion voids are a
long recognized, and virtually unavoidable,
consequence of SMT solder paste assembly.
Most entrap fully activated, no-clean flux resi-
dues. In gull wing SMT joints, these voids range
in shape from roughly spherical to highly-elon-
gated (cigar-shaped) morphologies. All have a
bubble-like appearance with smooth walled sur-
faces. Figure 1 shows several examples of inclu-
sion voids in gull wing solder joints.

Solder Exclusion (Squeeze-out) Voids
Conventional SMT solder joints are designed
to form an equilibrium shape through the ac-
tion of liquid surface tension as the component
floats unconstrained in the molten solder. The
surface tension induces component centering
on the PCB copper pads as well as component
floating off the PCB surface and thus formation

of joints with a finite solder bond line thick-
ness. In the case of high-mass SMT backplane
connectors however, the mass of the compo-
nent far exceeds the capacity for solder surface
tension to maintain its equilibrium position on
the PCB surface pads.

Moreover, in applications where SMT con-
nectors or components are sensitive to vibra-
tion or mechanical disruption, locking align-
ment pins must be used. Such connectors must
be constrained in position through the reflow
cycle using external mechanical fixturing and/
or guide pin locking mechanisms.

Further, the coplanarity of gull wing leads
is generally difficult to maintain within the
limits of the solder paste deposit height and
board surface flatness over large arrays. Con-
sequently, the mechanical positioning fixture
of these connectors must also impose a hold
down compressive load to force additional
coplanarity onto the lead array. This applied
load will be predominately borne by some
fraction of the lead array that contacts the
seating surface before other SMT leads and
will necessarily squeeze out the solder paste
deposit from under the highly loaded leads.
This squeeze-out of a solder paste is visible
in the paste impression of Figure 2. Paste
squeeze-out locally forms zero bond line
thickness between SMT leads and the PCB
surface and prevents solder from adhering to
the two attachment surfaces.

Since no solder is present under this high-
est leads, X-ray inspection images will show a

Figure 1: Inclusion voids observed in SMT gull
wing solder joints with 2D X-ray (a, b) and cross
section (c, d).
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Figure 2: Solder paste impression showing
solder displaced (squeezed out) from under the
highest leads.
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in heel fillet

Exclusion void
under signal lead

Figure 3: Solder exclusion voids found in SMT gull wing solder joints viewed in a.) cross-section and

b.) 3D X-ray scans.

locally-voided region. Examples of solder exclu-
sion voids are shown in Figure 3.

Motion Induced Voids:
Hot Tearing and Ductile Rupture

Hot tearing is a well known solidification
phenomenon in the field of metal casting [10].
As the solidification front in a mass of molten
metal propagates through the melt, the front
must always have access to a stable pool of lig-
uid metal to supply the solidification process
and form a defect-free solid. If that liquid sup-
ply is disrupted, the solidifying metal is starved
for material and leaves void or space in the fi-
nal casting. In metal casting, the most common
reason for disrupting the supply of liquid is so-
lidification nucleating on opposing fixed exter-
nal surfaces.

In the case of SMT gull wing component sol-
dering, hot tearing occurs through motion and/
or disturbance of the joint during solidification
by outside environmental factors and/or inter-
nal material design issues with the component.
Specifically, a thermally-induced dimensional
instability in the component materials or the
relative displacement of individual leads accu-
mulates as solder solidification events propa-
gate through a large array component. This dis-
placement forces sufficient separation of liquid
solder from solid to form a tear or void. If the
solder joint has fully solidified prior to the dis-
ruptive displacement, ductile rupture may oc-

46 SMT Magazine = May 2013

cur in the solder at some high homologous tem-
perature just below the melting point.

Either mechanism produces a solder defect
beneath the lead foot. One should note that of-
ten the solder fillets are still visually maintained
during such tearing or rupture events. Examples
of motion induced voids are shown in Figure 4.

Other types of solder joint voiding not ob-
served in the present array connector applica-
tion, and hence not discussed here, include mi-
crovia induced voids and interfacial microvoid-
ing phenomena such as planar microvoiding
from surface finish reactions [2] and Kirkendall-
like solid state voiding in the Cu3Sn intermetal-
lic [4].

Gull Wing Solder Process Void Experience

The high-density area array gull wing SMT
connector of interest is used in a range of enter-
prise server class products assembled at various
manufacturing sites. While the bulk of assem-
bly production to date has used SnPb eutectic
solder, several lead-free solder applications have
recently been qualified [11]. Depending on the
thermal masses involved, some are reflowed
with conventional forced convection reflow
while others must use a vapor phase reflow
process to accommodate the very high thermal
mass of the connector assembly. Despite this
manufacturing variety, occurrences of solder in-
clusion (or process) voids have been observed
in all cases.
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Figure 4: Motion-induced (ductile rupture) voids found in SMT gull wing solder joints using

a) cross-section and b) 3D X-ray scans.

Solder inclusion voids are found in both
header and receptacle backplane connectors,
each of which use fundamentally similar copper
lead geometries. Because of the obscuring mass
of the receptacle connector body, voids tend to
be more readily observed in X-ray inspection of
the header connectors. It may also be that the
receptacle wafers can exhibit more temperature
induced movement (distortion) during reflow
and may thus be less likely to
capture stagnant voids of pro-
cess gasses under the leads.

Solder Joint Mechanics

56725 Max
The importance of a well- S
formed solder fillet to the s
structural integrity of a solder i
connection has long been rec- Lt
12445 Man

ognized. The IPC-A-610 work-
manship criteria for gull wing
solder joints require a wetted
fillet along the full length of
the lead and a minimum height
heel fillet.

Figure 5 shows the solder
joint stress distribution from
a simulated thermal excursion
(low-temperature shipping cy-
cle) to illustrate the perimeter
nature of temperature induced

stresses. The lead depicted resides near one end
of large array connector. Starting from a relaxed
solder joint state at room temperature and cool-
ing to -15°C, the simulation reveals that sub-
stantial tensile stresses accrue in the heel fillet
only. In the general case for thermal cycle load-
ing, much of the load applied to any individual
gull wing lead will be borne by at least one of
the solder fillets. The specific fillet bearing the

.
‘w
0.000 0.020 0.0 () "

Figure 5: Stress simulation of an SMT array connector gull wing
solder joint during a low-temperature excursion (shipping). Tensile
stress is concentrated in heel fllet. (A. Sinha, [12])
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peak load will of course depend on the sense
of the temperature excursion, the position of
the lead in the SMT attachment array and the
construction of the connector body. In all cases
though, the central region directly under the
gull wing foot bears only a minor fraction of
the applied load.

Similarly, lateral shock or vibration loading
of the connector assembly will apply bending
moments to the gull wing lead joints and again
primarily load the perimeter solder fillets. For all
anticipated operating and product usage loads,
barring perhaps the abnormal case of a direct
tensile load on the connector housing, the load
bearing requirements of the solder bond line
beneath the gull wing lead foot will be minimal.

Local voided solder regions directly under
the gull wing lead foot will therefore have negli-
gible impact on the ability of an otherwise well
formed solder joint to withstand operational
loads and thermally induced stresses. Solder
joint structural integrity arises substantially
from the perimeter solder fillet.

Eutectic SnPb solder inclusion voids in con-
nector gull wing solder joints have been found
to nearly always coalesce into a single, large
cigar-shaped void directly under the central re-
gion of the lead foot. The stress concentration
associated with a smooth walled void, located
away from the high stress fillet regions, was
found to be small and thus have minimal im-
pact on the thermal fatigue mechanisms oper-
ating in the solder fillet regions. The primary
objective of the solder joint quality specifica-
tion strategy should therefore be to assure the
structural integrity of the load bearing solder
fillet regions.

Gull Wing Inclusion Void
Specification Strategy

Given the limited structural impact of inclu-
sion voids directly under the gull wing lead foot,
the industry recognized IPC specification limit
for BGA solder void acceptability was deemed
inappropriate for SMT array connectors. An
internal specification was instead defined that
considers the structural, load bearing character-
istics of the gull wing solder joint.

Rather than using the radiographic projec-
tion—the maximum solder area—as a reference
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basis for void size (as is done for BGA joints in
IPC-A-610), the recommended gull wing inspec-
tion strategy would instead reference the void
area to the minimum load bearing area, a dis-
crete slice of solder just beneath the lead foot.
This minimum load bearing solder area will be
defined as a critical reference area for judging
acceptable void size. Since the solder fillet ex-
tends outward from the lead to the perimeter
of the PCB pad at its base, this plane of mini-
mum load bearing area will most commonly oc-
cur just beneath the gull wing lead and have an
area smaller than the PCB pad area.

The proposed inclusion void specification
strategy is illustrated schematically in Figure 6:

e A critical solder joint area is defined as that
area of the solder joint subtended by a plane
parallel to the surface of the PCB just beneath
the gull wing lead.

¢ Allowable inclusion voids are defined by
the projected area of the void(s) relative to the
critical area reference plane.

e The total area of inclusion voids in any
solder joint shall not exceed 50% of the critical
solder joint area.

Inclusion void area /

Solder joint critical area
defined under lead at
~mid fillet.

Figure 6: Schematic illustration (top and side
X-ray view) of void area measurement in a gull
wing solder joint relative to the solder joint
critical load bearing area.






FeATuRe

INCLUSION VOIDING IN GULL WING SOLDER JOINTS continues

Instances of solder void area between 25 and
50% of the critical area are deemed solder pro-
cess indicators.

This specification strategy does require a
computed tomography or laminography X-ray
inspection tool to capture both the void area
and the critical solder joint cross-section area
beneath the gull wing lead. Such tools are now
commonly used in the production of com-
plex server board assemblies. They can be pro-
grammed to produce an X-ray image slice under
the gull wing lead and calculate relative void
areas in real-time for 100% coverage of produc-
tion solder joints if desired.

Note that it is not necessary to explicitly
specify the allowable inclusion void location.
Process voids forming in the lead fillets readily
escape to the free surface before solidification,
leaving only those voids directly under the lead
foot. Inclusion voids in the structurally impor-
tant side or toe fillets are rare and always small.
Instances of small spherical inclusion voids in
the heel fillet are not uncommon, but generally
they occur above the plane of the defined criti-
cal load bearing area. If they are found to inter-
sect the critical reference plane there are should
be summed and factored into the acceptability
decision.

Figure 7 illustrates void area measurements
for successfully qualified product with large
SMT array connectors. The void area fraction is
indicated relative to the outlined critical load

42 Percent Void

bearing area of the solder connection. Con-
veniently, a dye-and-pry inspection will most
often fracture the solder bond line at approxi-
mately the minimum solder cross-section un-
der the lead, therefore exposing essentially the
same critical solder bond area defined to be the
void fraction reference area. The failure surface
can be readily used to measure the relative void
size in individual solder joints. Since eutectic
SnP inclusion voids are not normally open to
the free surface, nor even extend into the sol-
der fillet regions, they would not be expected
to exhibit any dye penetration into inclusion
voids. Exaggerated shrinkage voids from the fil-
let regions of SnAgCu solder joints have how-
ever been seen to allow some dye ingress into
lead-free solder inclusion voids.

Recognizing that X-ray inspection test effi-
ciency in a manufacturing environment is al-
ways something less than 100%, the production
control limit for process void area in SMT array
connectors is maintained well below the speci-
fication limit to assure that the shipped product
population is safely controlled within the tested
range. A process control limit of 25% void area
has been established for current production.

A critical point to understand about the pro-
posed void area specification limit for gull wing
joints is that it applies only to process induced,
smooth walled, inclusion voids—not internal
hot tearing voids. Motion induced solder de-
fects in the solder joint are not allowed. They

¥

26 Percent Void

Figure 7: Quantitative void assessment examples from two different array connector product
applications: a) Dye-and-pry; and, (b) X-ray tomographic measurement.
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must be eliminated through process and fixtur-
ing optimization.

Reliability Verification

While the justification for a revised gull
wing solder joint void specification was argued
heuristically above, experimental confirmation
of the resulting interconnect reliability to en-
terprise server standards is an absolute require-
ment. This was accomplished in conjunction
with eight different board assembly qualifica-
tions, each involving SMT array connectors.
These qualifications included representative
product boards with gull wing connector at-
tachments of varying array sizes, header and re-
ceptacle configurations, as well as vapor-phase
and convection reflow processes practiced at
four different assembly sites. Some boards in-
cluded multiple array connector types. Candi-
date product qualification boards were inspect-
ed to ensure that instances of solder inclusion
voids were explicitly included in the qualifica-
tion reliability testing.

Solder inclusion voids were confirmed in
the various connector gull wing joints of each
product qualification sample with void areas
measuring up to 50% of the critical reference
area. Most of were of the elongated cigar shape
morphology. All were in SnPb eutectic solder.

Board assembly qualification for server class
product includes a suite of reliability tests on
representative product boards. The primary test
for establishing wear out characteristics of sol-
der joints is the accelerated thermal cycle (ATC)
test. ATC was therefore the primary means of
validation for the gull wing solder inclusion
void specification.

Translating ATC test results to acceptable
field life is generally done with an equation of
the form proposed by Norris and Landzberg
[13]. Solder fatigue life is expressed in the form
of a stress test acceleration factor (AF); the ratio
of field life to laboratory test life. The equation
is comprised of three terms, each a ratio of lab-
oratory conditions to field conditions: A tem-
perature induced strain term, a cyclic frequency
term, and a thermal activation term. Writing
the thermal activation term in the classic Arre-
henius form, where k = Boltzmann’s constant,
the Norris-Landzberg equation becomes:

1
ATAM #f\3 1 1
AF = (=5) (22) expl E, (= — =
(ATG) (f,) == “(To Tt)

AT refers to the cyclic temperature range
(maximum - minimum), f is the cyclic frequen-
cy, and T is the peak cyclic dwell temperature.
The subscripts t and O indicate laboratory test
conditions and field conditions, respectively.

This simplified form assumes isothermal
temperature distribution in the assembly, i.e.,
no temperature differences between compo-
nents and board. This would generally be the
case for assembled boards thermal cycling in a
laboratory chamber. The ratio of approximate
interconnect strains then simplifies to a ratio of
cyclic temperature ranges.

The activation energy for thermal cycle fa-
tigue damage of solder joints, Ea, has been ex-
perimentally observed to depend on solder al-
loy and perhaps package structure. For SnPb
eutectic solder, the activation energy has been
shown to be 0.12 eV [14]. The SMT array con-
nectors of interest are used exclusively in enter-
prise server applications where the target field
life for product qualifications is 1,250 power-
on/off cycles. In a typical server installation, the
power-on cycle may drive a 35°C board temper-
ature increase above 25°C ambient (AT =35°C,
T,=60°C). These parameters are used to calcu-
late the minimum laboratory cycling exposure
to assure the required field reliability.

Table 1 lists two examples qualification cas-
es to illustrate the method. In each case, at least
30% of the SMT lead population was confirmed
to have some level of inclusion solder voiding
in the gull wing solder joints. Key qualification
attributes are listed. In Case 1, for instance, five
functional boards were subjected ATC test with
a temperature cycle of 10 to 70°C at 1 cycle per
hour. Fach board contained multiple SMT ar-
ray connectors for a total of 20,160 tested leads
per board. Using the modified Norris-Landzberg
equation above, the minimum number stress
cycles to meet server reliability requirements
was calculated to be 561 cycles. All five boards
completed 1,000 cycles of ATC testing and re-
mained electrically functional as tested through
the SMT connectors.
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Number of  Number of Cycles  Minimum Cycles

Functional SMT Leads T, AT, Acceleration  per ATC Cycles Tested
Case Boards per Board (°C) (°C) Factor Hour Required (PASS)
1 5 20,160 70 60 2.2 1 561 1,000
2 6 1,968 100 100 11 1 112 1,000

Table 1: Two cases of array connector gull wing joints with solder inclusion voids subjected to ATc

reliability testing.

In Case 2, six functional boards complet-
ed an ATC test with a temperature cycle of O
to 100°C at 1 cycle per hour. Each board con-
tained two SMT connectors with total of 1,968
SMT leads per board. The minimum number of
stress cycles to meet server reliability require-
ments was calculated to be 112 cycles. All six
boards completed 1,000 cycles of ATC testing
and again tested to be electrically functional
through the connectors. The proposed speci-
fication criterion for gull wing inclusion voids
was therefore confirmed with a comfortable
level of conservatism; from ~2X to 9X the re-
quired ATC testing lifetimes without detectable
reliability consequences.

Destructive analysis (dye-and-pry and/or
cross-section) of solder joints was performed in
all qualifications after completion of ATC test-
ing. No solder joint cracks or opens were ob-
served. Figure 8 shows examples of the destruc-
tive analyses from the example cases above. No
cracks or separations were found in the solder
fillets despite the extensive thermal cycle histo-
ry and obvious solder inclusion voids. Note that
ground leads and signal leads of these SMT ar-
ray connectors have different designs and thus

slightly different mechanics and so are identi-
fied here as separate cases.

Other forms of reliability stress testing also
performed on these same qualification board
populations include:

e Thermal ship shock (-40 to 65°C,
5 cycles, 1 CPH);

¢ High-temperature soak (1,000 hours
at 100°C);

¢ Shock loading (1 meter drop); and

e Vibration (random and sinusoidal
loading with full mechanicals attached).

In all of these alternate forms of qualifica-
tion stress testing, the known solder inclusion
voiding in the gull wing solder joints posed no
reliability issues.

Conclusions

While solder voiding in BGA solder joints
has been extensively investigated and char-
acterized, solder voiding phenomena in other
SMT soldering configurations and their reliabil-
ity impact have not been as clearly identified.
In SMT gull wing lead solder joints similar void-

Figure 8: Destructive analysis of voided solder joints on SMT array connectors after 1,000 cycles ATc
stress testing without failure: a) case 1 - dye-and-pry analysis (GND, SIG, and GND); b) case 2 -
cross-section analysis of ground and signal leads.
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ing to that reported in BGA joints has been ob-
served, but gull wing joints also include other
void types not characteristic of BGA joints. Sol-
der voids types most commonly observed in the
gull wing lead solder joints of SMT array con-
nectors are:

¢ Inclusion voids;

¢ Solder exclusion voids; and

¢ Hot tear voids through mechanical
disturbances.

Similar to process-induced macrovoids com-
mon in BGA joints, acceptable levels of solder
process inclusion voids in SMT gull wing lead
solder joints exist below which minimal reliabil-
ity impact is detected. That allowable void level
can be defined according to the projected area
of the voids onto the plane of minimum load-
bearing area in the solder bond line beneath the
lead. The criteria established in this document,
confirmed through various ATC and other reli-
ability tests, require that the total projected area
of inclusion voids in any solder joint not exceed
50% of the critical solder joint area.
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adding traditional leaded solder
reliability to new lead-free solders.
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Center as you browse these candid shots. This
year’s show, held April 23-25, boasted 500
leading companies from 22 countries and
regions and nearly 20,000 industry leaders and
trade professionals and I-Connect007 captured
all the action live on the show floor.

Sponsors of the event this year were: Aqueous
Technologies, Mentor  Graphics, Indium
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Technologies, Pickering Interfaces, Kyzen
Corporation, Mirtec Corporation, and WKK.
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Get More (Products) Out of Your Day

by Sjef van Gastel
ASSeMBLEON NeTHeRLANDS B.v.

SUMMARY: A PCB assembly plant invests in  planned shutdown the unscheduled time is not
SMT flow lines and intends to produce as many influenced by the manufacturing equipment
quality boards of the required product mix as pos-  installed.
sible. But, in reality, there will be a big difference in After subtracting these hours for planned
performance over different SMT lines. Why? shutdown, a facility is left with planned pro-

duction time.

It seems the most common response to a re-
quest for help is, “Sorry, I just don’t have the Overall Equipment Efficiency

time.” However, a former teacher of mine To compare the influence
once said, “We all have the same amount . of production equipment
of time to spend \\ characteristics on ef-

(24 hours a day), fective line output

but it is what A _ _ »,  (the true num-
you do with it ™ ber of good
that matters.” - ) products per
The same applies -y W'E W __ hour)  SEMI
to manufacturing " has defined overall
equipment and es- . l/ equipment efficiency
pecially to pick-and- 'ﬂl‘ - (OEE) metric in its
place machines. y ' N SEMI-E79 standard.
The owner of a g OEE is divided into
PCB assem- .~ = three main categories
bly plant has <. ' R of efficiency losses:
invested in -~ Jio=—— downtime loss, speed
SMT flow lines = loss, and quality loss.

Downtime loss relates
to availability—a metric
indicating the per-
centage of planned
production  time
available for the in-
tended manufacturing
process (in our case the
pick-and-place process).
Downtime can be caused
by machine breakdown/failure, re-
pair, lack of materials or operator, product

and intends to pro-
duce as many quality
boards of the required
product mix as possi-
ble. But, in reality, there
will be a big difference in
performance over differ-
ent SMT lines. Why?
The total avail-
able time for a
manufacturing
line is 365 days per

year at 24 hours a day, pro- changeover, machine setup/adjustments,
viding 8,760 hours of manufacturing op - and unplanned maintenance. In practice, an
portunity. But not all available hours will be availability of approximately 90% is consid-
used: Holidays, breaks, lack of orders, lack of ered world class.

personnel or electricity, and planned main- Speed loss relates to performance—a
tenance take up some of those hours. In a metric indicating the percentage of oper-
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ating time available for uninterrupted pro-
duction. Speed loss can be caused by small
stops (flow line not balanced, re-pick ppm,
cleaning/checking) or by operating below
specified capacity (equipment deterioration,
operator inefficiency). In practice, a perfor-
mance of approximately 95% is considered
world class.

Quality loss relates to quality—a metric in-
dicating the percentage of net operating time
in which the manufacturing system is mak-
ing good quality products. Quality loss can be
caused by incorrect assembly, defective compo-
nents, or component termination errors (e.g.,
loose contacts, short circuiting caused by solder
bridging). In practice, a quality (first-pass yield)
of approximately 99.9% is considered world
class.

The overall OEE metric is the product
of its three contributing factors: OEE = Avail-
ability x Performance x Quality. As a result,
world-class OEE levels will be approximately
85%.

The challenge for every production engi-
neer is to maximize the number of good prod-
ucts in relation to operating time, thus maxi-
mizing OEE. This can be done by reducing
all the time losses as much as possible. Pro-

duction time loss is always a combination of
organizational losses (production planning,
factory organization, logistics), line operator
losses (operator skills, operator alertness) and
equipment losses (equipment failures, under-
performance, and errors).

I'll now limit the discussion to the influ-
ence of manufacturing equipment on OEE,
focusing on pick-and-place machine perfor-
mance.

Pick-and-Place Machine Performance

Table 1 provides an overview of the most im-
portant pick-and-place machine performance
characteristics relating to production time loss-
es for machines showing excellent, average, and
poor performance. All data are typical for a ma-
chine with an average output of 50,000 compo-
nents per hour.

We can now calculate production time loss-
es for all three of the defined categories (down-
time loss, speed loss, and quality loss). This is
shown in the following three tables:

e Downtime loss —> Availability;
e Speed loss —> Performance;
® Quality loss —> First pass yield.

Total available time (365 days x 24 hours)

Plant operating time

“Lights out”
shutdown

Planned production time

Process No personne|
experiments| No power

Noload

Operating time

Net Operating time

speed

Reduced | Small
stops

Prev.M.
Failure| Setup
No material
Line not
balanced

Quality loss

Speed loss

Figure 1: The relationship between different production time loss categories (SeMI-e79 standard).
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Table 2 shows the considerable influence of
maintenance and changeover on availability. By
selecting pick-and-place machines needing little
maintenance (lifetime greasing, auto calibration,

closed-loop maintenance) and fast changeover (in-
dependent dual lane substrate transport, fast feed-
er exchange, multi-placement programs) the avail-
ability of the flow line can be greatly increased.

Best

Pick-and-place machine characteristics

Average Worst

Output pick & place machine [kcph] 50 50 50
Planned maintenance [min/week] 30 120 280
Placement quality [DPM] 1 30 75
Automatic repicks [ppm] 400 1000 1500
Manual repicks [ppm] 50 100 150
Manual error recov?.ry ter1e [s] 30 30 40
(excl. operator waiting time)
MTBF [hrs] 5000 2500 600
MTTR [min] 12 30 180
Typical COT (1 operator) [min] 5 10 20
Table 1: Typical pick-and-place machine characteristics.
Availability calculation table Best Average Worst
Planned production time [hrs/year] 7800 7800 7800
Weeks / year 50 50 50
Days / week 7 7 )
Planned production hours per day 22.29 | 22.29 | 22.29
Maintenance per day [min] 4.286 | 17.143 | 40
Repair per day [min] 0.022 0.24 5.143
Changeover (COT) time per day 20 20 80
(@4 C/O)
Down time loss (per day) [min] 24.308 | 57.383 |(125.14
Availability 98.2% 95.7% 90.6%

Table 2: pick-and-place machine availability overview (excluding organizational and operator infuences).
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Performance calculation table Best Average Worst
Operating time [hrs/year] 7658 7465 7070
Weeks / year 50 50 50
Days / week 7 7 7
Planned production hours per day 21.88 | 21.33 | 20.20
Line unbalance loss [%] 0 5 10
Line unbalance loss [min] 0 63.99 |121.20
Loss due to auto repick actions [min] 2.1 2742 | 32,52
Loss due to manual repick actions [min] | 27.35 47.6 56.46
Down time loss (per day) [min] 29.45 | 139.008 | 210.18
Performance 97.8% 89.1% 82.7%

Table 3: pick-and-place machine performance overview (excluding organizational and operator infuences).

Quality calculation table Best Average Worst

Net operating time [hrs/year] 7486 6654 5844
Weeks / year 50 50 50
Days / week 7 7 7
Planned production hours per day 21.4 19.0 16.7
Placement quality [DPM] 1 30 75
First Pass Yield 100% 97% 92.5%

Table 4: pick-and-place machine quality overview (excluding rework and scrap cost infuences).

Table 3 shows the considerable influence
of line unbalance loss and re-pick actions on
performance. The influence of line unbalance
loss can be reduced by selecting pick-and-place
machines with internal substrate buffering po-
sitions. These buffer positions act as a parking
lot inside the pick-and-place machine for sub-
strates before or after the component placing
area. As a result there will be fewer obstructions
inside the flow line, giving a better board flow.
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Time loss due to re-pick actions can be reduced
by selecting reliable feeders, (pick) force con-
trol, component presence checks, and self-
cleaning nozzles.

Placement quality can similarly be consid-
erably improved by selecting the right pick-
and-place concept. Here, machines based on
parallel placement (with parallel operating
placement robots each equipped with single
nozzle heads) have the advantage. The reason
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Pick-and-place machine characteristics Best Average
Availability 98.2% | 95.2% | 87.8%
Performance 97.8% | 88.4% | 80.2%
First Pass Yield 99.9% | 97.0% | 92.5%

Overall Equipment Effectiveness (OEE) 95.9% 81.7% 65.1%
Net available hours (good products) 7479 6371 5079

Table 5: pick-and-place machine Oee overview (excluding organizational and operator infuences).

is that acceleration/deceleration forces acting
on the vacuum pipettes are much lower than
at multi-pipette revolver heads (sequential
pick-and-place machines). Also, parallel pick-
and-place machines can incorporate closed-
loop process control which is impossible on
sequential pick-and-place machines. This pro-
duces huge differences in placement quality.
(And note that these calculations ignore the
related rework and scrap costs, which will also
make a large difference.)

Finally, you multiply all three performance
indicators (Table 5). The resulting differences in
net available hours (bringing you good prod-
ucts) are remarkable. Just by selecting the right
equipment you win valuable production time,
enabling you to produce extra good products
that will improve your margins.

With pick-and-place machines particularly,
time is money. smt

In addition to playing the
clarinet in two bands,
Assembléon’s Sjef van

Gastel has another passion:
SMT. He has been with the
company since its start-

up as a philips division

in 1979. As the current Manager for
Advanced Development, he combines

his experience as systems architect and
machine designer to explore technical

and business opportunities from emerging
technologies. van Gastel holds many
patents and is a frequent speaker at
international conferences related to SMT. He
is also the author of “Fundamentals of SMD
Assembly,” which has become a standard
piece of literature in the industry.

Nanowires Grown on Graphene:

A New Paradigm of Epitaxy

when a team of university of lllinois engi-
neers set out to grow nanowires
of a compound semiconductor
on top of a sheet of graphene,
they did not expect to discover a
new paradigm of epitaxy.

The self-assembled wires |
have a core of one composition *
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and an outer layer of another, a desired trait for
many advanced electronics applications. Led by
professor Xiuling Li, in collaboration with profes-
sors eric pop and Joseph Lyding, all professors of
electrical and computer engineering, the team
published its fndings in the jour-
nal Nano Letters.

Nanowires, tiny strings of
semiconductor material, have
© great potential for applications in
== transistors, solar cells, lasers, sen-

" sors, and more.
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Introduction to Stencil Printing

by Rachel Short
pHOTO STeNclL LLc

SUMMARY: Many different types of stencils are
available today from many different suppliers, but
not all stencils are created equal. And because the
industry operates in a quick-turn, dynamic envi-
ronment, industry lead-times for delivery, in many
cases, are as important as the stencil’s capabilities.

Approximately 50% of defects that occur
on an SMT assembly line can be attributed to
the printing process. Doesn’t it seem odd, then,
that instead of focusing on quality and experi-
enced technical support, stencils have become
a commodity and are being sold by a broad
range of stencil suppliers, sometimes solely on
the basis of price? At the same time, we con-
tinue to see more challenging requirements for
stencil performance, driven by the continuous
miniaturization of packages and components.
Many ditferent types of stencils are available
today from many different suppliers, but not

S
S
B

all stencils are created equal. And because the
industry operates in a quick-turn, dynamic en-
vironment, industry lead-times for delivery, in
many cases, are as important as the stencil’s ca-
pabilities.

Stencils range from the fairly straight-for-
ward technology of a laser-cut stencil manufac-
tured on some form of stainless steel material,
to the high-end full-nickel electroformed sten-
cil, along with many versions and variations
in between. Stencil selection depends on the
specific technology required for an application.
This is dependent on variables such as:

¢ The smallest pitch component to be
printed;

e The mix of components being placed
on the board; and

¢ The area ratio calculation of the
smallest component.
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INTRODUCTION TO STENCIL PRINTING continues

Currently, straight laser-cut stencils are the
most common. The technology behind laser
cutting equipment has continued to improve,
coupled with keen improvements in
core materials. This has driven
straight laser-cut stencil capa-

stencils are manufactured through a means of
forming a 100% nickel stencil, and in the pro-
cess, the apertures are formed simultaneously.
This gives the smoothest aperture

side-wall available. Like all types

of stencils, electroforming

bilities to expand dramati-
cally, leading to an increase
in their popularity and an
increase in the volume of
straight laser-cut stencil pro-
viders. Every stencil performs
differently and there are large
variations in printing results.
The age and capability of the
laser used to cut the stencil
can have an impact on the
print process, and ultimately,
on the effect of the area ratio
(AR).

One can improve
the performance
needed for lower
ARs from laser-cut
stencils through a
means of
electro-polishing,
nickel-plating, or by
stepping up to a
100% electroformed
nickel blank.

capabilities and quality var-
ies. The highest performing
full electroformed stencils
can offer ARs down to 0.42,
whereas others might not
perform successfully at ARs
of 0.49.

As the miniaturization
of electronics continues, the
investment and testing to
expand capabilities is in the
forefront of many of today’s
stencil manufacturers. Clear-
ly, many choices are available

Area ratio has become a big
factor in differentiating the type
of stencil to use. The lower the AR,
the more challenging paste release is, thus driv-
ing the need for perfect alignment and smooth-
er aperture walls. AR is calculated as area of ap-
erture wall/area of pad under aperture. Whereas
ARs of 0.5 to 0.6 used to be considered low, so-
lutions today look for area ratios down to 0.42.

One can improve the performance needed
for lower ARs from laser-cut stencils through a
means of electro-polishing, nickel-plating, or
by stepping up to a 100% electroformed nickel
blank. Electro-polishing and nickel-plating help
smooth out the jagged aperture sidewalls created
in the laser cutting process, but the extra time
for these processes can have a negative impact
on the delivery time of the stencil. On the other
hand, by laser cutting a 100% nickel blank mate-
rial, you can reach the lowest laser-cut ARs and
still obtain the same delivery time as you'd have
with a straight laser-cut stencil. Some of the best-
performing laser-cut stencils are reaching ARs of
0.48 to 0.50. Again, laser-cut nickel blanks or
post-processed laser-cut stencils can vary greatly
from one supplier to another.

Speaking of area ratios, even ARs of 0.48 are
not low enough for all of today’s applications.
In those cases, full electroformed stencils are
the next step up in capabilities. Electroformed
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today for stencils. It becomes

a project on its own to know

and understand what stencils are

required for what applications, all while trying

to keep cost to a minimum and maintaining
rapid deliveries.

In the coming months, I will continue ex-
amining various stencil technologies currently
available, as well as coatings, the requirements
for step-stencils, and the coupling of the correct
blade type with the right stencil.

Do you have a question, comment, or topic
you'd like to see discussed in this column? If so,
e-mail me. smT

Rachel Short is vice president
of sales and marketing at
photo Stencil LLc. As a
business school graduate of
the university of colorado,
Short immediately stepped
into technical sales in the
electronics and pneumatics industry. Her
last 10 years have been spent providing
technical solutions and application support
for key companies in the industry. She may
be reached via email or 719-304-4224.
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News Highlights

Hunter Wins Defense Award,

Reacquires BBG Fab Facility

Hunter Technology has received an award for
significant production quantities for mission critical
RF Microwave systems from a major u.S. defense
contractor. As a result of this award, Hunter has
reacquired the BBG’s pcB fabrication facility located
in Santa clara, california.

Probe Acquires EMS Provider

Trident Manufacturing

Kam Mahdi, president and ceO of pMI, said, “This
acquisition meets several of our long- and short-
term strategic objectives, which ultimately reinforce
our strategy to provide a low-cost, scalable model
for small to mid-size OeMs that allows them to
manufacture right here in the u.S. and avoid the
myriad of problems and costs now being experienced
with offshoring.”

Ducommun Adds Baldridge, Churchill

to Board of Directors

Ducommun Incorporated’s board has appointed
Richard A. Baldridge and Gregory S. churchill as
directors of the company, effective immediately,
and, accordingly, they will stand for election at the
company’s annual shareholders’ meeting May 1,
2013.

Axiom Earns Recognition from

SELEX Elsag

David Davies, managing director of Axiom
commented: “we are very honoured to receive this
award from a company of Selex elsag’s international
standing. Over the last three years we have continued
our focus on adding real value to our customers
supply chains. This award reflects the success of that
focus. we look forward to further developing our
relationship with SeLeX in delivering innovative and
technology driven solutions.”

Ellsworth is New U.S. Distributor for

Henkel Aerospace

“ellsworth welcomes the opportunity to utilize
our experienced team to market and sell Henkel
Aerospace products throughout the united States,”
stated Mike Mccourt, global president - Specialty
chemical Division. “This new distribution agreement
allows us to better serve the growing needs of new
and existing ellsworth customers in this specialized
industry.”
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Partnership Formed Between GPV

and Danelec Marine

The cooperation between Danelec Marine a/s
and Gpv dates back to 2005, when the set-up for
production of the so-called black box of the sea
the Danelec DM400 vDR system, was established.
Danelec supplied the pcB designed for the device
while Gpv designed the mechanics and helped to
develop and manufacture the prototype for the
system.

OSI Systems Secures $3M

Assemblies Contract

OSI Systems, Inc. has announced that OSI
electronics, a business within its Optoelectronic
and Manufacturing division, has received orders for
approximately $3 million for electronic assemblies
from an OeM of defense electronics. OSI Systems
ceO Deepak chopra stated, “OSl is proud to support
this new customer with critical hardware to be used
in shipboard communication systems.”

PartnerTech Boosts Operational

and Commercial Focus

To further strengthen competitiveness, partnerTech
is increasing operational and commercial focus by
aligning the electronics and Systems Integration
& enclosures operational areas and by developing
supply chain function, covering the company’s
global sourcing and supply chain activities.

Global Soldier Modernization Market

at $892.6M in 2013

“The Global Soldier Modernisation Market, 2013-
2023,” visiongain’s latest defence and security
report, values the market for soldier modernisation
spendingtoreach $892.6 millionin2013asemerging
national markets seek to develop all-encompassing
soldier integration projects and mature national
markets invest in advanced technology designed to
increase operational effectiveness, capability, and
Texibility.

Celestica Receives Global EMS

Aero & Defense Award

“celestica’s position within the eMS market for
Aerospace & Defense has been elevated by its ability
to truly understand its customers’ unique risks and
requirements and help them overcome challenges
in their marketplace,” said Lavanya Rammohan,
Analyst, Frost & Sullivan.
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Why Reshore?

by Karla Osorno
ee TecHNOLOGIeS, INc.

Summary: Bringing manufacturing, and jobs,
back to the U.S. significantly impacts the nation’s
economic future and many industry leaders are
taking on this initiative for the benefit of the na-
tion. No matter which side of the fence you're on,
there is benefit to considering important factors
to ensure end-customer services and cost manage-
ment.

A Google search on the term “reshoring” or
“onshoring” produces 214,000 and 65,700 re-
cords, respectively. A “nearshoring” search pro-
duces 255,000 records. These terms are the op-
posite of offshoring which is the relocation by a
company of a business process from one coun-
try to another. Typically, operational processes,
such as manufacturing or supporting processes
such as accounting or IT, were the business func-
tions taken offshore. The economic logic was
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to reduce costs. If some people can use some
of their skills more cheaply than others, those
people have the comparative advantage.

The major idea was that countries should
freely trade the items that cost the least for them
to produce. And this seemed to work well until
the economic environment changed and com-
panies began to assess total cost rather than just
product cost. Reshoring is offshoring that has
been brought back onshore—back to the Unit-
ed States or, more broadly, North America. The
trend is expected to continue with estimates
that by 2014 at least 20% of companies who
sent manufacturing offshore will be reshoring
manufacturing.

For the United States, bringing manufactur-
ing back, and thus jobs, significantly impacts
our economic future. So many industry leaders
are taking on this initiative for the benefit of
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our nation. No matter which side of the fence
you're on, there is benefit to considering these
factors to ensure you are able to serve the end-
customer by managing costs.

Manufacturers are encouraged to under-
stand and educate customers on the profit/
loss impact of both offshoring and reshoring. A
great place to start is by visiting www.reshore-
now.org to learn the top reasons for companies
to reshore:

¢ Reduces total cost of ownership (TCO);

e Improves quality and consistency
of inputs;

e Reduces pipeline and surge inventory
impact on just-in-time operations;

¢ Clusters manufacturing near R&D
facilities, enhancing innovation;

¢ Reduces intellectual property and
regulatory compliance risk;

e Eliminates the waste and instability
caused by offshoring; and

e Strengthens companies’ ability to
respond quickly to customers’ demands.

The reasons listed are not new. However,
factors that have changed to get companies’
attention include growing transportation and
fuel costs, increased wages in other countries,
exchange rate fluctuation, and the inability to
provide needed responsiveness. Reshoring re-
solves these issues allowing many companies
to maintain lower inventories, be more cost
competitive, deliver products more rapidly, and
meet demand for innovation.

A complimentary tool is provided at www.
reshorenow.org to evaluate a sourcing decision.
With this tool, you can account for all relevant
factors of TCO. Here are a few factors to con-
sider in your initial offshoring analysis:

¢ Freight on board (FOB) price: When
comparing this level of pricing, the information
is incomplete. FOB price ignores many other
costs and risks that should be part of a decision.
Many companies made decisions to offshore
based solely on this price.

e Packaging: When shipping long distanc-
es packaging is more expensive. Plus there will
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undoubtedly be times when expediting services
from overseas are required to meet customer
deliveries. These unexpected and expensive ser-
vices are often not considered in initial price
comparisons and decisions.

¢ Duty and freight: For overseas manu-
facturing there are significant costs for duty and
freight plus related fees. During initial pricing de-
cisions this information is most often not avail-
able and when the costs are incurred they may or
may not be attributed to the related product/job.

e Inventory: When the product takes lon-
ger to get to the end-customer, the inventory
carrying costs are higher. Big dollars are associ-
ated with safety stock to compensate for long
lead times and transportation time. Also, based
on long lead times for offshore manufacturing,
it is possible for companies to have significant
inventory that becomes obsolete at the product
end of life cycle.

¢ Rework/quality: Costs for incoming in-
spection, reworking substandard parts or prod-
ucts, and scrapping parts sourced from overseas
are significant and seriously affect delivery to
end customers.

¢ Product liability: If there are any issues,
enforcing product liability in another country
will be, at best, difficult and very expensive. Le-
gal and travel fees alone could put many com-
panies out of business.

e IP risk: Understand the measures taken
to secure intellectual property on products and
processes. The potential loss if breaches are
made is significant.

e Impact on innovation: Separating
manufacturing from engineering has a negative
impact on innovation. When these two groups
work together, improvements are made in prod-
uct design and in manufacturing efficiencies.

e Travel: Many companies fail to include
travel costs for sourcing new suppliers, conduct-
ing audits, and managing operations in the cost
calculations for offshore products.
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e Prototypes: Prototypes are generally
small runs and need quick turn-around so com-
panies choose local suppliers. And
when these companies know
they will also have production
runs the prototype costs are
significantly less. Choosing a
local supplier for the proto-
type and production run can
impact TCO dramatically.
However, if the production
is sourced overseas the pro-
totype per unit cost will be
significantly higher.

e Wage inflation and
currency appreciation:
Recent information is that
wages in China increased
15% in one year. And ex-
change rate fluctuations can
erode any perceived savings
in a short period.

Many other costs should
be considered, including
costs related to language
barriers, time zone gaps,
communication, and cul-
tural gaps. It is estimated that
cost models proposing offshor-
ing underestimated costs by 20
to 30%. This is significant for many, if not all,
companies. And this is solely for quantifiable
costs and not qualitative costs or consequences
of service gaps.

Reshoring allows companies to essentially
eliminate many of the factors that contribute
to instability for offshore manufacturing, in-
cluding weather, port strikes, loss from mishan-
dling, language problems, natural disasters, po-
litical instability, and pirates.

Here’s an example: An EMS customer made
a corporate decision to bring manufacturing
back from overseas to North America. Several
years ago, this company made a decision to
transfer manufacturing of circuit boards over-
seas. A company in Asia was selected and the
products were migrated there. It took a signifi-
cant amount of time and resources for the mi-

Many other costs
should be considered,
including costs related
to language barriers,

time zone gaps,
communication, and
cultural gaps. It is
estimated that cost models
proposing offshoring
underestimated costs by
20 to 30%. This is
significant for many,
if not all, companies.
And this is solely for
quantifiable costs and
not qualitative costs
or consequences of
service gaps.
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gration, including much hand-holding. Subse-
quent to the migration, it took another nine
months of onsite management to en-
sure products were transformed
from raw materials to finished
goods. It was certainly not a
smooth transition. Issues in-
cluded significant time dif-
ferences, incompatible work
methods, inability to source
raw materials, and an in-
ability to bond inventory to
handle fluctuations in de-
mand. Years later, this com-
pany is still experiencing the
unintended  consequences
of problems stemming from
the overseas transfer of man-
ufacturing operations.
Companies are taking a
closer look at the total costs
for manufacturing products
and making decisions, in
many cases, to bring man-
ufacturing back to North
America, especially Mexico
with its lower cost structure.
Mexico plants have seen an
increase in production from
companies making such deci-
sions. Customers are happy to
reduce overall costs and logistic
efforts and to have the products manufactured
closer to the end-customer and home. smt

Karla Osorno is business develop-
ment officer for ee Technologies,
Il | Inc., an eMS provider delivering
I complete engineering and manu-
) facturing services with locations
i in Nevada and Mexico. with
education and more than 20 years’ experi-
ence in fnance and operations, Osorno drives
completion of projects in marketing, business
development, operations, and process im-
provement. Her passions are to educate and
empower others to make changes and a daily
difference in the world. contact Osorno here.
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Proper Documentation Demands
Dummy-Proof Instructions

by Zulki Khan
NeXLOGIc TecHNOLOGIeS, INc.

SUMMARY: Why is proper documentation such
a big deal? At the beginning of a project, a wide
difference in meanings may exist between the OEM
customer and manufacturing provider in virtually
all aspects of PCB design, fabrication, and assem-
bly. Clear and specific documentation can remove
all doubt.

In this day and age, many people use acro-
nyms, slang, abbreviated text, and poor English
on social media and even in e-mail business cor-
respondence. That’s a red flag for our industry
to take a step back
and evaluate how
we're going about
writing PCB design,
fabrication, and as-
sembly documenta-
tion. In some cases,
technical personnel
can easily fall vic-
tim to, and dupli-
cate the same level
of, the type of social
media communica-
tion they’re using
and easily transfer it
to critical PCB docu-
mentation.

Now, at the oth-
er extreme, I'm not
talking about using
the King’s English

Why is the proper documentation such a
big deal? Here’s why in a nutshell: The OEM
customer creating the instructions and defining
the scope of the work and the contract manu-
tacturer (CM) or EMS provider who manufac-
tures that OEM'’s product are different in a va-
riety of ways. Those include having a different
mindset, different skill sets, different interpreta-
tions, and so on.

So, at the outset of a project, it is safe to say
that there can be a wide difference in meanings
between the OEM customer and manufacturing
in virtually all as-
pects of PCB design,
fabrication, and as-

| - sembly of that OEM

product.

‘ Consequently,
" for the PCB design,
fabrication, and as-
sembly house, it is of
utmost importance
that documentation
must be correct and
to the point so that
it can be well under-
stood. Instructions
must be clear-cut,
feature no ambigu-
ity, and leave no
room for interpreta-
tion. Precision must
extend to the point

when it comes to
defining and writing proper and exact docu-
mentation for PCB design, fabrication, and as-
sembly operations. I'm not talking about using
big words and fancy language—far from it. I'm
saying that words and phrases need to be clearly
understandable and to the point without em-
bedding any ambiguity in the documentation.
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where if a certain
process cannot be accomplished a second, pref-
erential method must be offered.

When writing the documentation and
spec’ing out various aspects of a PCB project,
the biggest rule of thumb is to create “dummy-
proof” statements and “dumb down” the ver-
biage so that any reader can clearly understand
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it and comes to the desired conclusions. That'’s
the ideal route to take.

More often than not, that’s not the way doc-
umentation is written. Instructions are left wide
open to interpretation, associated drawings are
not clear, definitions are not exact, documen-
tation is written to include shortcuts, techni-
cians or engineers don’t fully understand some
aspect of the project and they guess at it, and,
sometimes, sheer laziness or inattention creeps
in and inaccurate information is written in the
documentation.

Then there’s the whole area of vagueness, at
which many people excel in when communi-
cating in their personal lives and at work. Being
vague simply means not being clear or precise
about something or hiding some aspects of the
subject you're discussing or writing about. It's
like talking about a subject all around its edges,
but never really getting to the center of it.

Vagueness when writing docu-
mentation allows the verbiage
to be left up to interpreta-
tion. Therefore, the reader
is driven to an inaccurate
conclusion and usually the
reader relies on the easiest,
most convenient method
or process to get to that
conclusion. The result is a
product the OEM doesn’t
want and the manufactur-
er or EMS provider is stuck
with it.

Fabrication

Let’s now examine a few examples in the ar-
eas of PCB fabrication, assembly, and box build
designs. In a fabrication drawing, a number of
callouts can be found: Type of material, thick-
ness and surface finish of the PCB, warpage tol-
erance, impedance calculations and stack-up
information, and IPC Class I, II, or III. When
it comes to calling out the material, FR406 or
FR408 with a Tg of 170°C or more is specified,
for example. But if a specific material is not
available, one should not write “or equivalent”
because that phrase could be interpreted in dif-
ferent ways by different people. A better ap-
proach would be to write, “Either FR406, I1SO-
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Proper documentation
for PCB surface finish is
critical, as well. Clearly
specify the finish. Is it
HASL, ENIG, OSP,
immaersion silver, or
hard or soft gold?

LA 310 or Rogers 4030.” Be specific in terms of
what is being defined so that if material #1 is
not available, spec out material #2 and include,
“No deviation permitted.”

Proper documentation for PCB surface fin-
ish is critical, as well. Clearly specify the finish.
Is it HASL, ENIG, OSP, immersion silver, or hard
or soft gold? When it comes to gold plating, in
some cases it’s important to specify the deposi-
tion of gold per unit area, for instance “30 mi-
cro inches of gold per inch.”

As for multilayer boards, it’s highly impor-
tant to clearly define the layer stack-up. If a mul-
tilayer board has impedance control, the docu-
mentation must define if it is a dual stripline
or single-ended, the kind of impedance control
required on certain traces, and whether the tol-
erance is 5% or 10% acceptable or more.

Also, the exact drill size with the tolerance
must be a critical part of the drill drawing for

fabrication (Figure 1). For instance,
a 15-mil finished hole size
should be clearly defined as
to whether it is plated or
non-plated with the toler-
ance being included, for
example, +/-2 or +/-0. That
comes in handy when it
comes to special devices
requiring insertion on the
board with very tight toler-
ance requirements.
For example, the call
out for a press-fit connector
must be very specific; other-
wise, if the finished hole is too
loose or too tight, the press-fit connector can-
not be inserted into the defined holes, creating
a rework nightmare. In some cases, such boards
must be discarded because the press-fit con-
nectors don't fit because the drill holes are too
small.

Meanwhile, via plating is yet another area
demanding clear and specific wording. First, this
call-out must describe if the via is to be plugged,
plated, or plated shut. Then, the call-out should
detail the via fill: Whether it is to be conduc-
tive via fill, non-conductive, silver, and so on
because there are many variations and combi-
nations, hence the need to be specific and ex-
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SIZE ATy | SYM | PLATED |  TOL
20 45 | + | vES +/-0.003"
i 135 | X | vES +/-0.003"
41 68 | [ | vES +/-0.003"
7.9 196 | O | vEs +/-0.003"

Figure 1: Drill drawing with different sizes, quantities, symbols, and tolerances for the drill holes used

in this pcB.

ceedingly clear. Ambiguity results if the call out
only states “plate the via” and no explanation
is given as to whether it’s plated with a mask or
silver. This ambiguity leaves the door open for
eventual adverse effects for the product.

Assembly

A savvy OEM customer should spell out first-
pass SMT operations followed by a second op-
eration of placement to be performed by hand
because of moisture or temperature sensitivity,
cleaning requirements, or other related factors.
If the project comes to an EMS provider as a
repeat run, there might be rework or touch-up
instructions, like adding notes in the bill of ma-
terials (BOM) or assembly drawing for special

devices like crystals or LCDs, cutting traces, or
putting jumpers, and so on. These engineering
change orders (ECOs) must be clearly defined
and listed so that there is no room for ambigu-
ity.

An experienced contract manufacturer or
EMS company can review the BOM and scrub
it to assure that whatever does not have to go
through the first-pass SMT process can be held
back and can create the manufacturing process
instructions or MPI for a second operation. But
an inexperienced EMS house might install an
LCD using a surface-mount machine and wash
it. As a result, the devices are ruined and must
be thrown away due to contamination since
these devices are especially sensitive to mois-
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ture and are not hermetically sealed. A more
knowledgeable OEM can better define such a
process by specifying, “use water soluble” or
“no-clean process,” and the EMS provider must
follow those instructions.

Sometimes OEM customers are overly spe-
cific, for example, when performing X-ray or
automated optical inspection (AOI), they are
particular about such things as sample size. Let’s
say the EMS provider is producing
500 boards. The OEM customer
requests a sample size of 5%.

To avoid such missteps, savvy EMS companies
have assurances of airtight document control
procedures, which can release and maintain an
effective job throughout the flow with exact
specifications and document control levels.
When it comes to flex boards, another set of
instructions should come in the picture because
flex or flex-rigid boards are a different beast. Not
only do the regular aspects of a PCB have to be
defined, like material type and thick-
ness, but also associated ele-
ments like stiffeners. In the

That means that every fifth  \when it comes to flex boards, case of stiffeners, shapes, siz-

board undergoes X-ray and
AOI. While it doesn’t have
to be that detailed, how-
ever, in some cases that de-
tail comes in handy when
a specialized mil/aero or
space application board
is involved. Moreover, it’s
particularly beneficial to in-
clude in a call out whether
or not the board is a RoHS
or non-RoHS build since a
eutectic build is assembled
differently and has a dif-
ferent temperature profile
compared to a RoHS build.

If a mil/aero or medical OEM
customer is involved, it’s vital that boards are
built per ISO 9000 or ISO 13485 standards, re-
spectively, because those standards set forth
rules and procedures on how to build, inspect,
and test the product. If a medical PCB is as-
sembled like a regular commercial board, and
not based on ISO 13485, there will be consid-
erable touch-up, rework, and hand-holding at
the end—product quality and ship date may be
jeopardized.

Controlling revision levels is yet another as-
pect of proper documentation for fabrication,
assembly, and box build. Extremely stringent
document control processes are required here.
For example, if the call-out is for an E revision,
and the product being built only follows Rev C
or D, the actual Rev E version will miss special
instructions coming after control level D. Con-
sequently, the OEM customer may not accept
the product or some rework might be required.
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another set of instructions

should come in the picture
because flex or flex-rigid

boards are a different beast.
Not only do the regular
aspects of a PCB have to
be defined, like material
type and thickness, but
also associated elements
like stiffeners.

es, and tolerances must be
specifically defined. If it's
a rigid-flex board, the call
out must specify how to at-
tach the stiffener onto the
board, using what kind of
material. Also, the call out
must define the amount of
bow, twist, and how much
bending is allowed.

Document Control
for Box Build
Document control takes
on special meaning for box
build because building a PCB
and performing a box build are
completely different. Not only are PCBs includ-
ed in a box build, but there’s also a wide assort-
ment of ancillary items like washers, screws,
specialized papers, insulators, stand-offs, chas-
sis, power supplies, and special connectors and
cables—the list goes on.

So, rather than belaboring the subject, it is
best to say that illustrations play a big role. I
cannot emphasize enough the importance of
step-by-step, color-coded figures and drawings.
Combine these with dummy-proof instruc-
tions, and the EMS provider has a winning for-
mula for proper documentation.

Then, there are the times the OEM customer
isn't satisfied with the first version of their PCB
for whatever reason and they want to make
changes. That’s when the ECO comes into the
picture (Figure 2). Sometimes a jumper must be
added; a capacitor must be added or removed;
a resistor value must be changed; a component
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AR Ire\rs

INCA Engineering Change Order
| Product Change v BOM Change Rewark ~ Deviation Req'd. | Issue Date: ECO Number
Design Chango PCB change Dwg Change 242772013 29730-1
| Customer: Part Number/Description: Revision: Work Order No. Page:
| i ? 29730 ' ot :

Reason For ECO: |Illuslfmion:

1. ltem 33 Do not instail J1

2. ltem 41 Do not install J10

3. ltem 45 O1 & O3 new MFG Part Number to be used IRLMLE344 TRPEF (IR)
Don't purchase or use this MFG P/N anymore NDS385M

4..ltem 30 F1 New MFG P/N to be used 02183, 15HXP (Litthefuse)

Don't purchase or use this MFG P/N anymore 0218002 HXP

Figure 2: example of
ecO showing changes
that need to be made in
the final product, such
as changing component,
changing value, and
other edits, such as

(pprovars: . cutting traces and
1 Requester: Don Date: 2/27/2013 | Approved By: [ Date: H add I ng Jumper WireSI
NX0000-002 Rev. VR Tuesday, March 26, 2013 8:44:28 PM

must be removed and replaced; and so on. Each
and every change must be verified and quality
controlled, so it’s critical how it is listed and de-
scribed in the documentation.

Finally, when it’s all said and done, meaning
the job is complete and shipped, it’s a good idea
to create and send to the OEM customer a DFM

Zulki Khan is the founder

and president of NexLogic
Technologies, Inc., in San
Jose, california, an ISO
9001:2008-certifed company,
ISO 13485-certifed for

report post job with charts, figures, and draw- _ manufacturing medical
ings. In effect, it shows the OEM the challenges devices and a RoHS-compliant eMS
involved in building their product. It also ex- ~ Provider. prior to NexLogic, Khan was
plains the improvements they can perform, as general manager for Imagineering, Inc. in
well as parts of the product that are redundant, Schaumburg, lllinois. He has also worked on
and the features that are show stoppers. high-speed pcB designs with signal integrity
Also, in that OEM customer report, the EMS analysis. He holds a B.S. in ee from NeD
company can offer advice as to how they can university in Karachi, pakistan, and an M.B.A.
change the component placements, orienta- from the university of lowa. He is a frequent
tion, or to make changes in the layout so that author of contributed articles to eMS industry
manufacturing and test are easier and perhaps publications.

more cost effective in the future. smt
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Cherry Named Director
of IPC’s Validation
Business Unit

“The challenging regulatory environment and
continued globalization of business practices
make supply chain verification more important
than ever,” says Dave Torp, Ipc vp of standards
and technology. “with his background, Randy
understands the needs of the electronics industry
with respect to building trusted relationships
within the supply chain.”

IPC Issues Call for
Participation for
APEX EXPO 2014

The organization invites researchers, academics,
technical experts, and industry leaders to submit
abstracts for the Ipc ApeX eXpO 2014 at the
Mandalay Bay Resort and convention center
in Las vegas, Nevada. To recognize exceptional
achievement, awards will be presented for “Best
u.S. paper” for u.S. authors and “Best International
paper” for authors outside the u.S.
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Sypris Reports Sales Growth
in Q4, Full Year 2012

“Our Industrial Group responded well to the
reduction in the production of commercial
vehicles during the second half of 2012,” said
Jeffrey T. Gill, president and ceO. “we now expect
the commercial vehicle market to remain stable at
current levels in the short-term, as OeMs focus on
the introduction of the new model year vehicles
and engine technologies early in 2013.”

Artaflex to
Go Private

The company’s board of directors has approved
a going private transaction to be completed by
consolidating the company’s common shares on
the basis of 1 post-consolidated common share for
each 2,500,000 pre-consolidated common shares.
The consolidation is subject to the required
shareholder approvals at the company’s annual
and special meeting of shareholders.
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Standards Update to Ease
Regulatory Compliance

Ipc standards committee members recently
completed updates on two documents that help
the electronics industry keep up with regulatory
changes. The revisions will help vendors comply
with updates that went into effect at the start
of the year and help document programs more
efficiently.

OnCore Expands Presence
with New Tijuana Facility

“we are increasing our existing Tijuana capacity
in response to customer demand for a robust,
low-cost supply-base that has a short and fexible
supply-chain able to service the u.S. market,” said
Sajjad Malik, president and ceO. The new 88,000
square-foot facility, with the ability to expand to
175,000 square-feet, began volume production in
April.

Enics to Provide Life Cycle
Services to TOMRA

The company has signed an agreement with Tomra
Systems ASA, a leading global creator of sensor-
based solutions for optimal resource productivity.
TOMRA provides cutting-edge solutions for
optimal resource productivity in two main business
areas: collection solutions and sorting solutions.
enics was selected to become a global partner for
TOMRA.

8

Bob wiillis has launched his latest eBook, “package
On package Assembly Inspection & Quality
control,” the frst textbook covering every step in
the process. This is the second publication written
by willis as a free download; his frst, “pin In Hole
Intrusive Refow,” has already been read by over
3,000 engineers worldwide.

New Bob Willis eBook on
PoP Assembly Now Available

EMS Providers and
ODMs Hurt by Cell Phone
OEM’s Realignment

Outsourced manufacturers previously making
strong gains in the cell phone market now
face a diminished growth outlook, as mobile
communications brands increasingly opt to
manufacture smartphones on their own, according
to an IHS iSuppli “Global OeM Manufacturing &
Design Market Tracker Report” from information
and analytics provider IHS.

10

Nypro’s president and ceO Ted Lapres made the
announcement, noting, “More than 98% of the
outstanding voting shares of Nypro were cast in
favor of the merger.” courtney Ryan, Jabil’s senior
vice president, Global Business units, who will
assume a leadership role in the combined Nypro-
Jabil operations, said, “This is an exciting day for
Jabil and we are thrilled at the overwhelmingly
positive response from Nypro’s employee

Nypro-Jabil Merger
Plan Approved

shareholders.”
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For the SMTA Calendar of Events, click here.

For the INEMI Calendar, click here.

For a complete listing of events, check out
SMT Magazine’s full events calendar here.

2013 AASRI Conference on Parallel and

Distributed Computing and Systems

May 1-2, 2013
Singapore

EDS
May 6-9, 2013
Las vegas, Nevada

Electronic Circuits World
Convention 2013

May 7-9, 2013

Nuremberg, Germany

SEMICON Singapore
May 7-9, 2013
Singapore

IMAPS NE 40th Symposium & Expo

May 7, 2013
Boxborough, Massachusetts

Civil Aviation Manufacturing
Conference

May 7-8, 2013

charlotte, North carolina

9th Suzhou PCB Show 2013
May 8-10, 2013
Suzhou, china

Japan IT Week
May 8-10, 2013
Tokyo, Japan
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International Conference on
Soldering & Reliability (ICSR)
May 14-17, 2013

Toronto, Ontario, canada

SENSOR+TEST 2013
May 14-16, 2013
Nuremberg, Germany

PCIM 2013
May 14-16, 2013
Nuremberg, Germany

2013 International Conference on
Materials for Renewable Energy &
Environment

May 15-16, 2013

Nanjing, china

2013 Asia-Pacific International
Symposium and Exhibition on EMC
May 20-23, 2013

Melbourne, Australia

IPC ESTC
May 20-23, 2013
Las vegas, Nevada

The Eleventh Annual MEPTEC MEMS
Technology Symposium

May 22, 2013

San Jose, california

Electronic Components and Technology
Conference (ECTC) 2013

May 28-31, 2013
Las vegas, Nevada
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