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Universal Finish SolderBond provides also with low Au-thickness excellent
results, as pure Pd is 50% softer than Palladium-Phosphor (4-6wt%).
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Features and Benelts
= Three finishes (ENIG, ENEPIG and ENEP) in one process
= ENEPIG is Au-wire and Al-wire bondable
ENEP is Cu-wire bondable
Wider Au-wire bond process window compared to ENEPIG
with PdP

Pure Pd-layer without phosphorus co-deposition

Pure Pd is 50% softer than PdP

Superior solder joint reliability

Excellent reliability regarding thermocycling, hot storage
test and humidity

For wirebond processes of today and tomorrow
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12 Flex and Flex-Rigid PCB
Technologies and Trends
by Keith Netting

FLEX & RIGID-FLEX

They bend! They stretch! They leap tall buildings! Okay,
maybe not that last one. Nevertheless, flex and rigid-flex cir-
cuits have myriad applications in just about every sector of
the electronics industry, where their ability to be formed into
complex three-dimensional final geometries, or withstand mul-
tiple flexing cycles during their functional life, adds a third di-
mension to the concept of the interconnecting substrate. This
month, experts in the field explore the latest developments in
materials and manufacturing processes for flexible circuits, as
well as novel design and application opportunities.
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THE WAY | SEEIT

It's Worse Than | Thought

by Ray Rasmussen
I-CONNECTO007

SUMMARY: A solution to the problem of tin
whiskers, at times, seems a far-off concept, but
surely the problems caused by lead-free require-
ments and SAC solders can be solved, right? A re-
cent phone conversation with an engineer made it
clear to Publisher Ray Rasmussen that the situation
is quite dire.

A few months ago I wrote a column about
the IPC Tin Whiskers Conference I attended
in April. The column, “Chasing Our Tails,” ap-
peared in the June 2012 issue of SMT Magazine
and, from my 10,000-foot view, I couldn’t see
how we were ever going to get this issue
under control. There were just too
many variables, which were
ever-increasing as we
learned more
about SAC sol-
ders and their
shortcom-
ings as they
relate to high-
reliability elec-
tronics. Maybe,
someday, we'll
find a solution
to the actual
whiskers prob-
lem, but as I
looked at all the
issues surround-
ing lead-free (which
caused tin whiskers to
become an issue again), I
just couldn’t see how we were
going to get on top of the whole
thing. It seemed impossible or, at
least, highly unlikely to me.

As a result of that column, I received a few
comments, one of which turned into a phone
conversation that left me stunned.

This issue is much worse than I thought.
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A recently retired aerospace engineer took
the time to walk me through the long history of
the problems associated with, and being com-
pounded by, lead-free SAC solders. He and his
team had been working on solving these prob-
lems well before the lead-free mandate came
into effect. What I took away from the conver-
sation was that even with tin/lead solders, the
challenges to building these complex and very
critical systems were many.

The issues with traditional solders were
well known, but a few surprises still lurked. But
with lead-free, the challenges were becoming

so daunting that things were getting out of
control. The ability of these aerospace
engineers to guarantee the op-
erability of critical systems
over the long term was di-
minishing. Yes, they
are exempt from
RoHS, for now, but
lead-free  regula-
tions, = combined
with the commer-
cial  off-the-shelf
(COTS) mandate,
have put the high-
reliability guys in a
box. To build the
systems of the fu-
ture, they need to
plug into the lat-
est technology the
supply chain has to
offer, and that’s where this
ever-increasing number of vari-
ables comes in, dramatically reducing
the chances of building a consistently reliable
product.

Certified Systems
The good news is that aerospace require-
ments all but ensure that systems won't fail in
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IT'S WORSE THAN | THOUGHT continues

the air.
We don’t
have to worry
too much about
planes dropping out of
the sky or military systems

failing in the field. Very tough certification
processes are required before a new system can
come online. That was reassuring to hear. The
real trouble will come when the system build-
ers aren’t able to meet the requirements of the
military aerospace systems of the near future.
It’s becoming increasingly difficult to get these
systems certified. Rather than working with a
set of known materials and properties, lead-free
variables are causing the industry to reinvesti-
gate just about every piece in the supply chain,
which basically means starting over after more
than 50 years of known good processes and ma-
terials.

The Manhattan Project

It was suggested at a conference in Europe
four or five years ago that the high-reliability
industry gather and focus on finding solutions
to the critical issues by creating a Manhattan-
like Project. After some discussions, they de-
cided to move forward. A two-week meeting
followed and top engineers from over a dozen
major mil/aero OEMs came up with a plan. The
only problem was that they needed $125 mil-
lion to do the work. That’s where it sits today:
waiting for funding. Just think: this problem
would likely be behind us by now if they had
acted back then. Too bad.

It’s Political

After listening to my new aerospace engi-
neer friend for more than an hour as he peeled
back layer after layer of the reliability onion,
I offered up that the problem was political in
nature, not technical. He agreed. If there were
sufficient resources, they—the engineers and
scientists—could solve these problems. And,

10 The PCB Magazine ® September 2012

since
most ma-
terials  suppli-
ers cater to the other
90% of the industry with
volume production, the high-re-
liability guys were going to have to
solve this on their own. But, with
program managers under substan-
tial pressure to keep costs down, they
aren’t looking to spend too much money inves-
tigating new ways to produce their products.
Moving to COTS was supposed to help
keep costs down, which would have been
the case if RoHS hadn’t been legislated. Now
things are starting to come unglued. I grabbed
the following from a PERM Consortium white
paper, which puts the issues in a nutshell. PERM
is the aerospace industry’s effort to get on top
of this.

The reliability of SnPb interconnections is well
known and meets the requirements of these more
demanding applications. Based on the scientific in-
formation available today, there are increased reli-
ability risks in using Pb-free in high-performance
electronics. These risks include the spontaneous for-
mation of tin whiskers from Pb-free tin (Sn) based
finishes, reduced Pb-free solder joint integrity, re-
duced reliability by cross-contamination between
the different alloys, and the potential component
and board damage from the higher Pb-free process-
ing temperatures.

Most of us know about these problems if
we’re building high-reliability electronics. But
even the consumer guys don’t want reliability
issues. They need their products to be reliable
for at least a couple years, so they have an in-
terest in many of the same issues. Of course,
people don’t die if an iPod stops working (un-
less it's my daughter), so the consumer indus-
try doesn’t face these same pressures. They're
more interested in keeping costs down. Most
consumer electronics don’t have a useful life
beyond five years in any case. They aren’t going
to push their suppliers to ensure reliability 10 to
20 years out. They don't care.


http://www.aia-aerospace.org/resource_center/affiliate_sites/perm/
http://www.aia-aerospace.org/resource_center/affiliate_sites/perm/

Getting Smaller

The drive to get lighter and smaller yet still
be reliable is relentless. This was already putting
pressure on the high-reliability industry before
RoHS. With the great benefits of smaller, light-
er and faster come problems. We have smaller
spaces between leads and pads, which makes
it even easier for whiskers to cause shorts and
for voids to appear and joints to crack; smaller
chip geometries (20nm), I'm told, are leading
to long-term reliability issues with the chips
themselves, which is something I wasn’t aware
of. Add to that the problem with tin/lead-based
legacy systems and counterfeit components
and you can see the complexity of the issues.

The 10% Solution

The high-reliability guys are trapped more
and more in the consumer electronics world,
which is driving technology and innovation.
Unless the high-reliability industry gives up on
COTS, they’ll be subject more frequently to the
shortcomings of these technologies as they try
to produce longer-term reliable systems.
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If you match up the optimism and future-
casting from a Steve DeWaters article on mili-
tary photonics to this conversation I had with
the aerospace engineer working in the trench-
es, there’s a huge gulf. The military has incred-
ible requirements for electronic systems going
forward. The systems are very complex, able
to crunch tons of data, running complicated
battlefield scenarios meshing all types of real-
time data into warfighter displays, command
and control systems, weapons and much more.
And, because of the politics and financial pres-
sures associated, that chasm will get bigger and
bigger.

The good news, paradoxically, is that at
some point we won't be able to build what'’s
needed. That’s when we’ll have the attention of
top brass at the Pentagon along with the major
politicians. Based on that early morning con-
versation, without a crisis, we aren’t going to
be able to bring the resources to bear. Maybe
that’s the way it’s ultimately supposed to hap-
pen. Only then will we have the complete at-
tention of all the major players and access to all
the money needed.

What's Missing?

Courage. There’s a lot of bureaucracy in
these large defense and aerospace companies.
Of course, the Pentagon is one of the inventors
of bureaucratic systems that stifle the creative
and innovative process. So we're in a tough
spot. Nobody wants to rock the boat, espe-
cially when it’s sinking. It seems like a lot of
folks know the boat’s taking on water, but are
content to just float along, continuing to bail
water as needed.

I do hope more folks will step up and talk
about this issue. I know it’s risky for some, but
we have to get on top of it as soon as we can.
We literally have a lot riding on this. prcB

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.
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Flex and Flex-Rigid PLB
Technologies and Trends

by Keith Netting
TEKNOFLEX

SUMMARY: Offering all of the benefit of rigid PCBs
and wire harnesses combined, flex-rigid technology
provides an improvement in reliability for applications
in aerospace, medical, computer, telecom and auto-
motive market sectors.

Flex and flex-rigid multilayer circuits (FRML)
allow interconnection to take a 3D format that
is not possible with standard, rigid PCB technol-
ogy. Whilst rigid PCBs can stack many layers,
they are not flexible and therefore, cannot be
packaged as densely as a flex or flex-rigid mul-
tilayer circuit within a fully assembled article.
Furthermore, flex and flex-rigid multilayer’s can
be bent on a repeated basis in dynamic appli-
cations, which is currently impossible with the
materials utilised for rigid PCBs.

FRMLs offer all of the benefits of rigid PCBs
and wire harnesses, combined. Additionally,
flex and flex-rigid technology can enable the
reduction of the number of interconnections
within an assembly. This latter benefit has been
shown, over time, to provide an improvement
in reliability for a number of applications in the
aerospace, medical, computer, telecom and au-
tomotive market sectors.

In demanding applications, vibration may
affect the integrity of the interconnection be-
tween rigid PCBs. For example, when a stack of

Figure 1: Flex-rigid multilayer for military E-scan
radar application with 27 conducting layers.
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rigid PCBs are connected using arrays of press-
fit pins, the whole assembly can behave as a
coupled mass when subjected to vibrational
forces. Being metallic, these pins have a higher
specific density than the mostly polymeric cir-
cuit board materials. As the number of pins in
the array increases, so can the mass. Therefore,
due to the potential lack of damping within
this assembled structure, the press-fit joints or
the circuit board itself can become a weak link,
resulting in a degradation of the contact integ-
rity over time.

Temperature and environmental effects
could potentially accelerate these effects. If a
flex-rigid multilayer assembly or even flex cir-
cuits connecting between rigid PCBs are used
to replace this approach, the more mechanical-
ly compliant and lightweight materials in the
flex hinge will act to dampen any vibrational
forces and will reduce the total mass of the cir-
cuit assembly into smaller connected masses,
thus reducing the stresses the boards are sub-
jected to under the vibrational stress. Further-
more, the modal frequency of the assembly is
also disrupted by using this approach, mean-
ing that the assembled unit could be less sus-
ceptible to vibration-related failure in a specific

Figure 2: 6-layer flex-rigid multilayer for military
sight application.



Circuit Technology

Potential Advantages

Potential Disadvantages

Printed circuit board Cheap

Stable substrate

Fast leadtime

Standard technology

Only 2D in assembly

Only static connections possible
Increased interconnections
Vibration risks

Higher mass

Flex circuit 3D in assembly

Static & Dynamic connections possible

Potential to reduce interconnections
Lower mass (~30% of cables)

Less stable substrate

Flex-rigid multilayer circuit

Stable substrate

Lowest number of interconnections
Static & Dynamic connections possible

Intermediate technology
Optimised technology
Can combine technologies

Leadtime
Cost

Table 1: Relative advantages and disadvantages of various circuit technologies.

frequency range. If the circuit design is unfortu-
nate enough to have a modal frequency in the
range of operation of the final unit, then the
vibration-induced stresses can become signifi-
cant and possibly precipitate early failure if not
disrupted by the use of flex and flex-rigid tech-
nology. The environmentally integrated nature
of flex and flex-rigid means that multiple inter-
connects as used on rigid PCBs can be reduced,
thus reducing risks due to environmental deg-
radation such as moisture or thermal oxidation.

The relative advantages and disadvantages
of rigid PCB, flex, and FRML technology are
summarised in Table 1.

Many electronic applications require both
3D and dynamic capability. Examples include:

e Cameras

e Laptops

e Automotive systems, e.g., wing mirrors
and HEV control systems

e Electrical/electronic actuators

¢ Imaging systems—Industrial, Security
and Defence

e Sensors

* Power connections

¢ High-speed signal connections

Cables or flat-flex cables are generally heavi-
er, thicker and stiffer than flexible circuits. Such
dynamic capability is impossible with a rigid
PCB due to the limitations of the materials.
Primarily, this is related to the high stiffness of
the materials used to manufacture rigid PCBs,
which incorporate glass fibres for reinforce-
ment. With flexible circuits and FRMLs, the
flexible portions of the circuits are made using
unreinforced dielectric films. These films are
very flexible and can therefore support the me-
tallic conductors during dynamic bending to
avoid the localisation of stresses and premature
fatigue failure. Equally, these engineered films
are significantly thinner than equivalent fibre-
reinforced laminates, which can result in lower
bending stresses arising within the circuit/con-
ductor layers, thus further reducing the risk of
premature fatigue failure.

A typical epoxy/glass clad laminate is 8-17x
stiffer than a clad adhesiveless polyimide flex
circuit laminate. The inclusion of glass rein-
forcement is the main reason why rigid PCBs
do not bend and similarly why most semi-flex
circuits are potentially less reliable than flexible
printed circuits or FRMLs for applications where
repeated bending is a requirement.
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FLEX AND FLEX-RIGID PCB TECHNOLOGIES AND TRENDS continues

Typical constructions for FRML circuits are shown below.

----------------------------------------------------------------------------------------------------------------------------

Copper

Pre-preg

Coverfilm Coverfilm
Copper Copper
Adhesive Adhesive
Polyimide Polyimide
Adhesive Adhesive
Copper Copper
Coverfilm Coverfilm
Pre-preg

Copper

Type 1A—Flex-rigid with flex adhesive in rigid and flex zones.

----------------------------------------------------------------------------------------------------------------------------

Copper

Coverfilm
Copper
Adhesive
Polyimide
Adhesive
Copper
Coverfilm

Pre-preg
Pre-preg
Type 1B—Flex-rigid with adhesive-based base laminate and patched coverfilms.

Copper
Adhesive
Polyimide
Adhesive
Copper
Pre-preg
Pre-preg
Copper

Copper

Pre-preg

Coverfilm Coverfilm
Copper Copper
Polyimide Polyimide
Copper Copper
Coverfilm Coverfilm
Pre-preg

Copper

Type 2—Flex-rigid with adhesivesless-based laminate and non-patched coverfilms in all areas.

----------------------------------------------------------------------------------------------------------------------------

Copper

Pre-preg

Pre-preg Coverfilm
Copper Copper
Polyimide Polyimide
Copper Copper
Pre-preg Coverfilm
Pre-preg

Copper

Type 3—Flex-rigid with adhesiveless-based base laminate and patched coverfilms.

----------------------------------------------------------------------------------------------------------------------------
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FLEX AND FLEX-RIGID PCB TECHNOLOGIES AND TRENDS continues

Copper

Pre-preg

Pre-preg

Polyimide (S S polyimide
Copper Copper
Coverfilm [N I coverfilm

Surface-bonded FRML—two-layer version shown.

Copper

Pre-preg Coverfilm
Copper Copper
Pre-preg | P Polyimide
Copper Copper
Pre-preg Coverfilm
Pre-preg

Copper

REGALFLEX 5—Flex-rigid with no flex laminates in rigid zone.

Table 2 compares the relative benefits of  the particular application. For example, low-
each of these FRML types. cost FRMLs with constructions in the range of
Many manufacturers promote their fa- three to eight layers can be made using adhe-
voured constructions for FRML circuits accord-  sive or adhesiveless-based flex laminates for the
ing to their processing capability. However, flexible layers. Similarly, flex coverfilm layers
each should be considered on its own merits for ~ can be complete through the FRML structure,

Relative Benefits of Each FRML Construction Type

Ease of
Flex-rigid Construction Cost Reliability Space Weight [Component

Assembly
Type 1A AR 4 vvv vvv vvv
Type 1B vvvv vvv vy vvv vvvvy | VVVY
Type 2 vV vvvv vvv vV | VvV
Type 3 vvvv VVYvvv I vvvy vvvvy | VVVY
Surface bonded FRML A AR AR A4 vvvy vvYvvy | VvV
REGALFLEX 5 v v VYV I|vVvVvVY | VVVY | VYVVYY

Table 2: Relative benefits of each FRML construction type (Vv v vV = Best).
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FLEX AND FLEX-RIGID PCB TECHNOLOGIES AND TRENDS continues

i.e., including the rigid zone, or they can be
patched to only have these materials present in
the flexible zone. Ultimately, the patched cov-
erfilm approach is potentially more resilient to
barrel cracking failure modes that can arise due
to the greater Z-axis thermal expansion of the
flex/coverfilm adhesive compared to the
other materials in the circuit. How-

ever, in terms of manufacturing
cost, the patched approach is
potentially more expensive. For
many applications that allow
the choice of suitable material
combinations, a cost-effective
and reliable structure suitable
for lead-free and mixed tech-
nology (through-hole and sur-
face mount) assembly can be
utilised.

For very high reliability, the
approach has been to use more
exotic laminate materials such as
polyimide/glass. However, the REGAL-

FLEX technology approach can yield a highly
reliable construction, as used in aircraft engine
control systems using some of the newer lead-
free laminates and adhesiveless or high-speed
flex materials. The reduced material set in this
type of construction could also yield lower out-
gassing from the finished assembly during use.

Future Technology and Trends

Flex circuit technology is being driven con-
stantly by the demands of device miniaturiza-
tion—or apparently so as we are advised by the
CAD software developers. Whether it is for sur-
face mounted components or embedded com-
ponents within the circuit, this causes compo-
nent pad footprints to be ever denser; conse-
quently, this drives reduction in track, gap, via
dimensions, complexity and cost.

It should be noted that this is not a require-
ment in all areas of circuits and in many cases
designing to the minimums can increase risks
of manufacturing and reliability issues, espe-
cially as volumes and/or circuit sizes increase.
The materials employed to manufacture flexible
and flex-rigid circuits are inherently thin and
flexible. Therefore, their dimensional stability
is worse than that of most rigid printed circuit

It is interesting
that most of the
flex-rigid circuit

patents granted in
the last five years
are from Japan
or China.

materials and consequently, due to the more
complex circuit patterns/layouts, these mate-
rial-related movements can be localised and
unpredictable in advance of manufacture. As a
result, they can affect yield as designs get more
complex. This may not be apparent for proto-

type batches, but can arise more seriously

in series production.

Similarly, the risk of dam-
age to the generally softer flex
laminate materials can lead to
reduced yield, especially as di-
mensions are reduced. Such ef-
fects can also occur within the
circuit during drilling or laser
via processing. Hence, there is
the need to reiterate this point:
Do not design to minimums
unless essential. If it is needed,
keep these complex areas as

localised as possible and work
closely with your flexible circuit
supplier. The use of microvias and sup-
porting track and gap features is well established
for rigid PCB production. However, flex and
FRML technology has to cope with a different
and more diverse material set, plus many more
flexible substrates as mentioned earlier. Consid-
eration of these factors with your supplier will
ensure that yield and cost are optimised when
using flexible circuit substrates and technolo-
gies compared to the relatively more rigid (and
reinforced) PCB circuit technologies.

This trend of greater packaging density is
likely to continue, although its progress will
most likely be stepwise as new device sizes
emerge every year, which subsequently drives
circuit manufacturing equipment and process
technology. Japan and China appear to drive a
significant amount of device development and
manufacture in the world. It is interesting that
most of the flex-rigid circuit patents granted
in the last five years are from Japan or China.
Maybe this is a reflection of the reduction of
wafer fabrication in the rest of the world (ROW)
and it could explain why the number of ROW
patents for circuit technology appear to have
dropped.

Direct component assembly onto and
through flex and FRML is possible today and
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FLEX AND FLEX-RIGID PCB TECHNOLOGIES AND TRENDS continues

enables many advantages to be realised within
the electronic system. Manual, through-hole,
surface mount, flip-chip and direct chip attach
technologies can all be employed. For multi-
layer flex and FRML, the interaction between
the materials, the design and the assembly pro-
cessing should be considered to avoid potential
issues with differential expansion effects, lami-
nate flexibility, material movement and mois-
ture. The National Physical Laboratory (Ted-
dington, UK) has published some very good
work on the topic of moisture retention within
rigid and FRML circuits during assembly. They
highlight the need to consider such design fea-
tures as large ground or power planes within
the circuit and the material build when defin-
ing drying bakes before component assembly.

In the LED market, many designs utilise
rigid PCB technology with metal backing. Flex
has a role to play here, potentially. The inher-
ent thin nature and thermal stability of some
flex laminates make them well suited to flexible
LED applications.

In general, the processes for manufacturing
rigid PCBs, flex and flex-rigid multilayers have
not changed that rapidly over time. In recent
years, the processing technology has evolved
to enable the creation of smaller vias between
layers, utilising laser drilling and laser direct
imaging techniques.

Figure 3: 16-layer sequentially-bonded
REGALFLEX motherboard for civil jet engine
electronic management unit.
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The other processes of etching, plating,
bonding and profiling have changed little dur-
ing the last five years, by comparison. The use
of additive circuit technology for flex is hap-
pening, but how this will integrate with mul-
tilayer processes, assembly and reliability re-
quirements remains to be seen. This is primarily
because the success of any additive processing
relies upon the ability of the conductor layer
to adhere sufficiently onto the dielectric sub-
strate. Over recent years, processing technology
using inkjet printing techniques have enabled
catalytic layers to be added at high resolution
to the polymer film substrate. These can then
be plated to create signal tracks. The lower ad-
hesion of tracks created in this manner has not
changed significantly and this is one potential
limiting factor for the further evolution of addi-
tive circuit processing into more complex, more
stressful, and higher-reliability multilayer con-
structions. Current activity in additive circuit
processing is around its use in circuits, which
form a part of accurate linear or rotational posi-
tion control systems. This in itself is an interest-
ing technology area which is expanding rapidly
with the use of electric/electronic actuation in
flight systems, for example.

Flexible printed circuits
offer the prime benefit of

. | w being thin and light. In
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FLEX AND FLEX-RIGID PCB TECHNOLOGIES AND TRENDS continues

reality this means that for equivalent current-
carrying capacity, a flexible circuit, when com-
pared to a cable harness, will be approximately
70% lighter than the cable. This has huge po-
tential considering most vehicles (motor cars,
trains, ships or aircraft) are powered by some
means for propulsion and that the propulsion
systems range and efficiency is directly related
to the weight of the vehicle. Most vehicles con-
tain extensive cabling and therefore, there is
great future potential to replace at least some
cable harnesses with flexible circuit technology.

A variation on this theme is that for vehicle
engines to get more efficient, greater electronic
sensing and control is required. This potentially
raises the operating temperature requirement
of such circuits from typically 100 to 125°C to
>200°C and maybe even higher for aircraft en-
gines. This brings some unique challenges for
the polymeric materials typically employed
for the manufacture of rigid, flex and flex-rigid
multilayer circuits.

Embedded components within rigid PCBs
are becoming a useful technology today. How-
ever, with pure flex products the
bending stresses involved can
cause issues mechanically and
electrically with these types of
components. Therefore, cur-
rently we see the next stage is
the evolution of such technolo-
gy into FRML circuits within the
rigid areas primarily. Some pas-
sive components, e.g., resistors
or capacitors, can be embedded
into flexible circuit regions; how-
ever, care must be taken in their
design and the tolerances which are
applied.

Flex and FRMLs are used in chip scale pack-
aging and stacked die packages for module pro-
duction. This is primarily because of their abil-
ity to enable packaging in very tight spaces.

Materials will play a significant role in the
development of flex and FRML technology in
the future. This is because the requirements of
these circuit technologies are expanding, as in-
dicated above. With the replacement of cabling
with flexible circuit harnesses comes a need for
faster signal transfer and higher temperature op-
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Materials will
play a significant role
in the development
of flex and FRML
technology in
the future.

eration. DuPont de Nemours has recently intro-
duced a new range of high-speed flex laminates
under the Pyralux TK range. These materials
combine the excellent properties of polyimide
films with the excellent dielectric constant and
loss tangent properties of fluoropolymer films
into one composite laminate clad with copper
for the conductor layer.

Other materials are emerging in copper and
adhesive clad laminate form for high-tempera-
ture applications such as PolyEtherEthylKetone
(PEEK).

Both of these material types will open up
new opportunities for flex and FRML applica-
tions that require their special properties. How-
ever, experience initially with each will be lim-
ited, whilst design and processing guidelines are
developed by suppliers, processors, and users.
Neither material is as yet defined as applicable
for dynamic applications, although this may be
a possibility moving forward.

Most electronics today involve the intercon-
nection and distribution of signal and/or power
around an assembly to fulfill the functions of

the unit. For power distribution, the

copper layers being used today
are thicker than any that have
ever been used before. In some
cases these can be combined in
multilayer constructions with
signal layers, provided suit-
able screening is undertaken.

However, there may be areas of

electrical, mechanical, thermal

and component assembly in-
compatibility that could arise in
such a structure. This is where seg-
menting the technology, e.g., instead
of one FRML using signal and power layers with
components assembled and for example some
static and some dynamic flex limbs, it may be
more suitable to design a combined approach
with either rigid PCBs and flex or FRML and
flex or rigid PCB/FRML/flex. Where major issues
arise between signal and power lines, a growing
development is the use of optical connections
within rigid, flex or FRML circuits. Today, only
a few companies have the ability to undertake
such technology and it is often limited to rigid
PCBs or FRMLs.
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FLEX AND FLEX-RIGID PCB TECHNOLOGIES AND TRENDS continues

The spectrum of design, materials and man-
ufacturing processing requirements for flex and
flex-rigid multilayer circuit production is sig-
nificantly wider than for rigid printed circuit
boards.

In this paper we have tried to highlight
some of these differences and how they can be
considered, together with the potential future
material and technology trends. It is clear that
users need to consider these differences when
planning their projects and purchasing flex and
flex-rigid multilayer circuits as they are not de-
signed, manufactured and assembled using pre-
cisely the same processes as for rigid PCBs.

Flex and flex-rigid multilayer circuits have a
great future and we predict that they will poten-
tially develop in many of the following areas:

e Thinner circuit constructions

e Higher-speed signal processing

¢ High-temperature applications

* To enable more compact and lighter box
designs with greater functionality

e Larger and more dynamic circuits

e Embedded devices

e Electro-optical circuits

e Printed electronics

e Further use of hybrid flex and flex-rigid
technologies

The world of electronics is ever evolving,
and precisely how the flex and flex-rigid tech-
nologies will develop remains to be seen. pcs

Keith Netting is the technical
director at Teknoflex and has
25 years experience in flexible
circuit design, manufacture and
assembly. Netting is a special-
ist in materials and processes
across a range of markets, including packag-
ing, circuit manufacture, assembly, metallic
materials, polymeric materials, adhesives,
composites and quality/reliability testing. Con-
tact the author at knetting@teknoflex.com.
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ity studies need to continue.

22 The PCB Magazine ® September 2012

—le with...

VIDEO PRESENTATION

PRESENTED By I-CoNNECTOO7

realtimewith.com



http://www.realtimewith.com/pages/show.cgi?rtwsid=58&rtwvid=2553&c=0

GET YOUR PRODUCTS
TO MARKET FASTER

When it comes to looking for a competitive advantage,
your PCB design strategy can ultimately prove to be your secret weapon
as you move into an uncertain future.

Are you providing your design teams
with access to the right technology to make that happen?

Speed time-to-market today

with the PCB technology of tomorrow

LET US SHOW YOU HOW

VIRTUAL DESIGN FLOW DESIGN THROUGH
PROTOTYPING CONCURRENCY MANUFACTURING

Follow us m :8?

Tube



http://www.iconnect007.com/magtracker/?mag=pcb1209&page=23&link=http://www.mentor.com/products/pcb-system-design/d2c/
http://www.iconnect007.com/magtracker/?mag=pcb1209&page=23&link=https://plus.google.com/109704552785720419929/posts
http://www.iconnect007.com/magtracker/?mag=pcb1209&page=23&link=http://www.youtube.com/user/MentorGraphicsPCB
http://www.iconnect007.com/magtracker/?mag=pcb1209&page=23&link=http://twitter.com/mentor_graphics/

BEYOND DESIGN

Critical Placement

by Barry Olney
IN-CIRCUIT DESIGN PTY LTD

SUMMARY: Controlling the placement of de-
vices limits maximum trace length, reduces flight
time delay and skew, and assists in compliance to
timing specifications.

Today’s high-speed digital products use high
frequencies and fast rise times that demand
careful attention to PCB layout to ensure that
the system works not only in the prototype
phase, but also in mass production, and under
all possible operating conditions.

An insidious problem with high-speed
boards, in fact, is that their failure mode may
simply be flakiness or intermittent behavior
across multiple manufacturing runs. In these
cases, the proper layout of the PCB can mean
the difference between a reliable product and a
board that may perform intermittently. A single
PCB design error can bring down
part or all of aboard. Given all the
possible mistakes that can slip
through even the most dutiful
design process, it is a wonder
that we ever get the design
to work properly. Maybe
some of the advice that
follows will help ensure
you get it right first time.

Mechanical Constraints
Interactive mechanical and
electronics co-design of PCBs with-
in a true concurrent flow is
becoming common these
days, as inevitably ev-
ery board has to fit into
a box or enclosure of
some sort.

As the first step, the
mechanical designer uses
the MCAD system to define
the shape of the PCB in the
mechanical product in “three
space,” setting mechanical con-
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straints and placing components such as con-
nectors that have 3D positioning requirements.
After completion of the mechanical product de-
sign, the mechanical designer extracts the PCB
shape and height restrictions from the design,
and exports them to the PCB database. Once
the PCB designer has completed component
placement, the layout can then be transferred
back to the MCAD system for a final 3D clear-
ance check.

Electrical isolation and electrostatic require-
ments may also have to be adhered to. These
may include cut-outs, keep-outs, vertical clear-
ances, mounting holes and thermal heatsinks
that need to be defined.

Thermal Analysis

Power dissipation is an important issue
in present-day PCB design. To the
degree that smaller dies enable
smaller packages, this can result
in higher concentration of heat.
In addition to the issue of reliabil-
ity, excess heat will also negative-
ly affect electrical performance. The
working temperature of an IC should
be kept below the maximum al-
lowable, worst-case limit. In
general, the temperatures
of junction and ambient
are 125°C and 55°C, re-
spectively. Consideration
should be given to ther-
mal conduction and con-
vection in the operating envi-

ronment, as well as radiation.

Flight Time and Skew
Flight time delay and
skew are Kkey pillars in high-
speed PCB design. One
of the driving fac-
tors for flight time
and skew performance
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CRITICAL PLACEMENT continues
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Figure 1: DDR2 processor and memory place-
ment requirements.
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Figure 2: 1.8V plane and keep-out area.

is the placement of components. Maximum
placement refers to the placement in which
the distances between the devices are the maxi-
mum distance permitted. Controlling the maxi-
mum placement of devices, combined with the
assumption that good general design practices
are adhered to, limits maximum trace delay to
roughly the longest Manhattan distance of the
signals contained in a specific clock domain.
Why the longest Manhattan distance?

This is due to skew matching requirements:
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Figure 3: Flight time from processor to loads.

All of the shorter nets in a clock domain must
be lengthened to skew match to the longest run
length. Therefore, flight time and skew—for
an entire clock domain—are governed by the
maximum placement, along with the routing
rules that constrain the matching of the trace
lengths.

In the classic high-speed design flow, tim-
ing specifications simulation results are com-
pared to determine placement and routing con-
straints. Given a length constraint, a designer
can control signal integrity by controlling the
PCB trace topology of the various parts of an
interface. Included in this topology are any ter-
minations.

Figure 1 shows the required placement of
the processor and DDR2 memory chips. The
purpose of the placement guide is to limit the
maximum trace lengths and to allow for routing
and via space—which can be a challenge. (Note
that this placement does not restrict whether
these devices are placed on the top or bottom
of the board.)

The region of the PCB used for the DDR2
circuitry must be isolated from other signals.
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The DDR2 keep-out re-
gion is defined for this
purpose and is shown in
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the address pins on the

two DDR2 loads. The total length in the EDA
tool is given as 0.850 + 0.575 + 0.575 = 2000
mils. So, one would assume that the clock must
be at least 2000 mils to be longer than the ad-
dress trace AO. This, of course, is incorrect, as
we only need to worry about the longest point-
to-point length.

If we now look at the flight time from the
iMX53 processor to AO pin of the first memory
chip, the total flight time to the pin is 250ps,
which is identical to the total flight time from
the processor to the clock pin of each memo-
ry chip. So, the total length should be 0.850 +
0.575 = 1425 mils.

The same applies for the data to strobe—
which acts as the clock for the data signals. The
strobe must be longer than any of the data or
data mask signals for each lane.

Figure 4 illustrates the relationship between
the clock and address signals. If a designer was
to inadvertently use 2000 mils for the clock

length then the clock would be delayed by an
additional 100ps, putting it way out of spec and
causing a system-timing failure.

Having simulated the pre-layout timing, we
can now put values into the placement of the
DDR2 memory chips with respect to the pro-
cessor. For Figure 1, X = 850 mils and Y offset
= 575 mils. These are the maximum values and
should be reduced to allow for the length tun-
ing of traces. It is best to reduce the X dimen-
sion to, say, 650 mils and keep the Y offset as
large as possible to provide space for vias at the
centre of the T section.

Termination

Placement of series terminators—if required—
can also a debacle. We are told that series termi-
nators should always be placed within 200 mils
of the source. Since there is no termination at the
far end of the trace, the series terminator has to
absorb the entire reflection from the load.
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OSCILLOSCOPE

Design file: DAISY TLN
HyperLynx V7.7

Designer: Barry Olney

for future designs. Simply
add a sub-circuit block to
the schematic, transfer to

I [ the PCB database, and load

Terminator at
far end

P

at pin)]
at pin})]

———

a predefined layout block

including component
placement, tracks, copper

and text. Whether you
use it for multiple chan-

nel designs, critical digital

circuitry, RF circuit blocks,
or just to replicate a com-

monly used layout pat-
tern, design reuse will save

Mo Be g jop

time and ensure repeat-
ability of design: a proven,

tested, working solution to

-500.0

=1000.0

just drop into place.

=1500.0

Decoupling Capacitor
Planning

4000.0 S000.0 6000.0

Time (ps)

700

Date: Tuesday Jul. 3, 2012 Time: 14:31:20
Show Latest Waveform = YES, Show Previous Waveform = YES

Figure 5: Difference between the series terminator at the source or load.

and Placement

The number, value,
dielectric material and
placement of decoupling
capacitors are also critical
for the proper DDR2 in-

0.0 8000.0

Figure 5 contrasts the placement of a series
terminator close to the source—as typically
done—and at the far end near the load—which
is not recommended. It seems that either way
the series terminator does its job—absorbing
the reflection before it can propagate along the
trace a second or third time. The only notice-
able effect is that the far-end termination is
more distorted whereas the near-end termina-
tion is a perfectly clean waveform.

There may also be a requirement to use par-
allel termination—address VTT pull-up. These
are normally placed on the end of a daisy chain
to pull the signal up to VIT which is the refer-
ence voltage for DDR2. This has to be at the end
of the line.

Design Re-use

If the same processor and memory chips are
used on consecutive designs, creating a library of
matching re-use blocks for schematic and PCB
makes the best use of existing design elements
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terface operation.

Manufacturer’s recommendations for de-
coupling capacitors are generally overrated in
that they tend to overestimate the number of
decaps required. This may be fine for short pro-
duction batches, but a detailed power distribu-
tion network analysis is required to determine
the exact number and value for mass produc-
tion in order to reduce costs and optimize the
PDN.

Figure 6 depicts the ICD PDN Planner analy-
sis of the DDR2 1.8V supply (download from
www.icd.com.au). The 30 x 100nF capacitors
should be placed as close as possible to the
DDR2 chip supply pins using thick (20 mils)
traces to reduce inductance. A good capacitor
dielectric choice is X7R with a footprint of 0402
or smaller. 4 x 22 uF Tantalums reduce the AC
impedance around 10M, while the 100nF ca-
pacitors and tight interplane coupling (0.004"”
in this case) keep the impedance as low as pos-
sible at the fundamental clock frequency of 400
MHz.
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Figure 6: lllustrates the PDN requirements of DDR2 1.8V supply.

Points to Remember:

1. Mechanical constraints should be dealt
with prior to component placement.

2. Consideration should be given to thermal
conduction and convection, as well as radia-
tion.

3. Controlling the maximum placement of
devices limits maximum trace delay to about
the longest Manhattan distance of the signals
contained in the clock domain.

4. The main requirements of DDRx timing are
that the clock must be longer than the address,
control and command signals and the strobe
must be longer than the data and data masks.

5. A cleaner waveform is delivered when a
series terminator is placed close to the source.

6. Design re-use will save you time and en-
sure repeatability of design.

7. The quantity, capacitance, dielectric ma-
terial, placement and mounting of decoupling
capacitors are critical for the proper DDR2 in-
terface operation. Detailed PDN analysis is re-
quired if you want to save on component costs.

8. For each DDR2 speed grade—with fre-
quencies ranging from 200 to 400 MHz—inter-
plane capacitance may be required to maintain
a low-impedance supply of power. A software

tool, like the ICD PDN Planner, should be em-
ployed to analyze whether this design objective
has been met. pcs

References

1. Advanced Design for SMT—Barry Olney

2. Beyond Design - Intro to Board-Level
Simulation and the PCB Design Process—Barry
Olney

3. PCB Design Techniques for DDR, DDR2 &
DDR3, Part 1 & 2—Barry Olney

4. Beyond Design - Power Distribution Net-
work Planning—Barry Olney

Barry Olney is managing direc-
tor of In-Circuit Design Pty Ltd.
(ICD), Australia, a PCB Design
Service Bureau and board level
simulation specialist. Among
others, ICD was awarded “Top
2005 Asian Distributor Mar-
keting,” and “Top 2005 Worldwide Distribu-
tor Marketing” by Mentor Graphics, Board
System Division. For more information, con-
tact Olney at +61 4123 14441 or by e-mail:
b.olney@icd.com.au.

September 2012 ¢ The PCB Magazine 29



mailto:b.olney@icd.com.au

wecall [Flowibit) éy

(and How to Achieve it)

by Joe Fjelstad

SUMMARY: The multiple definitions of flex-
ible should be kept in mind when one sets about
designing a circuit where flexibility is required.
Touching on all of the definitions benefits anyone
tasked with satisfying the design objectives of the
product in their charge.

In the world of electronic interconnections,
the word flexible has been used in conjunction
with the word circuit for nearly six decades.
This is almost as long as the pairing of the
words printed and circuit have been co-joined.
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And just as we have come to discover over the
years (and especially in the last five or so) that
there are layers of meaning in the term printed,
with the advent of, and interest in printed elec-
tronics, so also are there layers of meaning to
the term flexible.

The most common interpretation of the
word flexible, as applied to the flex circuits that
the industry currently makes, is something ca-
pable of being bent repeatedly without break-
ing. However, there are other definitions of
flexible that are worthy of consideration as well
when using the term, for their ability to un-
lock new thinking patterns relative to what is
flexible. For example, there is the definition of



flexible where it means something amenable to
modification, or simply adaptable, if you will.
Additionally, the definition of flexible where
the word can be construed to mean something
which is easily disposed to yield, that is, some-
thing that is pliable. Where the most common-
ly used definition is viscerally understandable
when one envisions a flexible circuit, the sec-
ond two definitions of flexible are more abstract
and could serve as a springboard to new ways
of thinking about circuit flexibility, as op-
posed to the flexibility of the circuit.

The logic may seem a little obtuse
at this moment, so some exam-
ples are offered hereafter to help
explain.

To begin, consider the fact
that most flexible circuits are
not actually used in applica-
tions where repeated bending is
required; that is, most flexible
circuits are designed to be used
in static applications. The only
bending and flexing required is
during installation. This type of
application really fits the second def-
inition above in that the circuit is ame-
nable to adaptation to the construct in which it
is used. In such applications it is of great benefit
to make sure that the design has incorporated
some extra length in appropriate areas to facili-
tate assembly and accommodate any unexpect-
ed or unanticipated obstacles that might show
up only during the installation process. These
extra lengths of material are commonly called
service loops. These features provide additional
flexibility to that which is already flexible, but
it is flexibility of the second type.

The third definition of flexible, something
which is disposed to yield or is pliable, is one
that comes to mind when considering the
emerging subset of flex circuit products: stretch-
able circuits. Stretchable circuits are an inter-
esting branch of flex circuit technology and
one which is getting increased attention from
designers of products for a range of different
markets, from consumer to medical. Flexible
Circuit Technology, 4th Edition has a chapter
on the topic of stretchable circuits and in the
interest of brevity and space, those interested

The third definition
of flexible, something
which is disposed to
yield or is pliable, is one
that comes to mind
when considering the
emerging subset of
flex circuit products:
stretchable circuits.

in more detail are invited to look there for that
information.

The definitions of flexible, as broken down
and examined here, apply to circuits which are
physically manifest as constructions of copper
and flexible polymer. However, there is another
type of circuit that one should not lose sight
of which can embody all of the objectives and
definitions of flexible that have just been dis-
cussed, and that is the wireless circuit. No doubt,

all readers have found themselves frus-
trated at some point trying to un-
tangle the wires and cables used
to access and control the vari-
ous external devices used with
our computers. To address the
problem, increasing numbers
of product developers are in-
corporating devices capable of
communicating wirelessly us-
ing any or all of the various pro-
tocols which have been defined
and developed to date. These
include all of the various 802.11
protocols along with Bluetooth
and Zigby. Clearly, at its core, wire-
less interconnection is the most flexible
of all. It is at once dynamic, static, adaptable
and extremely pliable, and if one is seeking flex-
ibility of design, it should not be kept out of
consideration.

In summary, the multiple definitions of
flexible should be kept in mind when one sets
about designing a circuit where flexibility is
required. Touching on all of the definitions
should be of benefit to anyone tasked with sat-
isfying the design objectives of the product in
their charge. pcs

Verdant Electronics Founder
and President Joseph (Joe) Fjel-
stad is a four-decade veteran of
the electronics industry and an
international authority and in-
novator in the field of electronic
interconnection and packaging technologies.
Fjelstad has more than 250 U.S. and interna-
tional patents issued or pending and is the
author of Flexible Circuit Technology.
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Most-Read Market Highlights

from PCB007 This Month

Smartphone Shipments to jJump 31.6% in 2012
According to TrendForce, in 2012, smartphone ship-
ments are projected to reach 606 million units, a 31.6%
increase compared to last year; tablet shipments are
forecast at 94 million units, a 69% increase. Desktops
and notebooks are expected to see less than 5% yearly
shipment growth, to 146 million and 206 million, re-
spectively. Undeniably, desktops and notebooks are no
longer in the spotlight; smartphones and tablets have
taken center stage in the technology industry.

Automotive IC Market to Grow 8%

to $19.6 Billion in 2012

IC Insights forecasts the automotive IC market will grow
8% to $19.6 billion in 2012, up from $18.2 billion in
2011. Furthermore, IC Insights forecasts the automo-
tive IC market will grow to $27.3 billion in 2015, which
represents average annual growth of 11% from 2011-
2015.

Semiconductor Capital Spending Trend Update
Though only six companies are expected to increase
their capital spending this year, the total semiconductor
capital spending forecast figure for 2012 was raised to
$63.3 billion from $60.7 billion and total 2012 semi-
conductor industry capital expenditures are now fore-
cast to decline only 3% this year, as compared to the
previous expectations of an 8% decline.

IDC: Global Chip Revenues Reach $315B in 2012
Semiconductor revenues worldwide will grow 4.6% in
2012 to $315 billion, according to the mid-year 2012
update of the Semiconductor Applications Forecaster
(SAF) from International Data Corporation (IDC). The
SAF also forecasts that semiconductor revenues will
grow 6.2% to $335 billion in 2013 and grow at a com-
pound annual growth rate (CAGR) of 4.8% from 2011-
2016, reaching $380 billion in 2016.

Global Mobile Phone Shipments

Hit 362M Units in Q2

Alex Spektor, Associate Director at Strategy Analytics,
said, “Ongoing macroeconomic challenges in mature
markets like North America and Western Europe, tight-
er operator upgrade policies, and shifting consumer
tastes were among the key reasons why global mobile
phone shipments grew just 1% annually to reach 362.0
million units in Q2 2012. Fuelled by surging demand
for its popular Galaxy models, Samsung was the star
performer, shipping 93 million mobile phones world-
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wide and capturing a record 26% market share to
solidify its first-place lead.”

Consumer Tech Spending to Reach $2.1T in 2012
Consumers will spend $2.1 trillion worldwide on digital
information and entertainment products and services
in 2012, according to Gartner, Inc. This amounts to a
$114 billion global increase compared with 2011, and
spending will continue to grow at a faster rate than in
the past, at around $130 billion a year, to reach $2.7
trillion by the end of 2016.

Global Tablet Shipments up in Q2;

Apple iPad Lands 68% Share

According to the latest research from Strategy Analyt-
ics, global tablet shipments reached 25 million units in
the second quarter of 2012. Apple rose to 68% global
market share, its highest level for almost two years. Mi-
crosoft tablets remain niche, but attention is turning to
the upcoming Windows 8 launches.

Wireless Drives Growth of

Semiconductor Market in 2012

Semiconductor revenue in the wireless communica-
tions category for 2012 is projected to reach $72.6 bil-
lion, up 10.4% from $65.8 billion in 2011, according
to an IHS iSuppli Global Semiconductor Manufacturing
& Supply Market Tracker report from information and
analytics provider IHS.

Consumers More Confident About

Overall Economy

Consumer confidence about the overall economy in-
creased in July, according to the latest CEA Index re-
leased today by the Consumer Electronics Association
(CEA)®. Consumer confidence in technology fell from
last month, but it was the second-highest recorded lev-
el for July since the creation of the CEA Index.

Price Drop of Electronic Components

Spur Buying Opportunity

Pricing for widely used components including capaci-
tors, crystals, filters, magnetics, oscillators and PCBs all
are set to decline at above-average rates in the third
and fourth quarters. “Electronic component pricing
typically is stronger in the second half of the year, as
suppliers strategically boost prices to take advantage
of strong demand during the back-to-school and holi-
day build seasons,” said Rick Pierson, principal analyst,
semiconductor pricing, for IHS.
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SOLVING YOUR DAM PROBLEMS

Little Things Have the Power to Break Big DAMs

by Gray McQuarrie
GRAYROCK & ASSOCIATES

SUMMARY: Does it really make sense to roll
the dice with an important customer order, just
because of the inherent unreliability of your metal
finishing operation? If so, it may be time for you to
change the game—today.

In my book, Change Your DAM Thinking, 1
describe how Glenn Canyon Dam was nearly
destroyed by microscopic cavitation bubbles.
A simplistic explanation of what the engineers
had done wrong was twofold. First, they looked
at the likelihood of an average event, such as a
very large water flow coming into Lake Powell,
and decided that it wouldn’t happen in their
lifetime. They were wrong to focus their atten-
tion on an average event and should have fo-
cused on the contingency planning surround-
ing the unlikely event. Second, they thought
that really large structures of an immense scale
were strong and invulnerable to tiny things,
like microscopic cavitation bubbles. Again, they
were wrong. So wrong, in fact, that they had a
crisis on their hands in less than two years af-
ter Lake Powell had reached its anticipated ideal
water mark (it took about 20 years for the water
to build behind the dam).
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How far do any of us have to think back to
an unlikely event, the thing that wasn’t sup-
posed to happen, that nearly wiped us out?
Think of the global economic crisis. How often
have we underestimated the impact of a seem-
ingly inconsequential event such as an insig-
nificant late order? If that one late order were
placed by a customer who was counting on you
to supply product for a major product launch,
or that one late order happened when you were
trying to get qualified by a major OEM, then
your average on-time delivery for the plant is
absolutely meaningless. If we are going to be
able to identify the true game-changers for our
business and take advantage of them, we have
to change our DAM thinking and appreciate
the power of small things that can change our
lives for the better.

A nightmarish DAM problem for our indus-
try is metal finishing, be it ENIG, solder, tin,
silver, HASL, OSP, etc... In fact, a great article
explaining these coatings and illustrating the
scenario is Marissa Oskarsen’s “What is Your
PCB IQ? — PCB Final Finishes.”

Our ability to perform metal finishing reli-
ably has become challenging due to RoHS com-
pliancy regulations. When we use a lead-free
solder, we are forced to go as high as 260°C,
which means we need a high-performance T,
laminate that is more expensive then the stan-
dard laminate that use to work. If we use sil-
ver, we have to worry about creep corrosion. If
we use LF HASL, we have to worry even more
about wetting. If we use immersion tin, we
have to worry about whiskers. If we use ENIG,
we have to worry about a bunch of BGAs fall-
ing off the board and getting hit with valued-
added claims because of a black-pad issue we
couldn’t measure, predict, or know about until
it was too late. And if we use ENEPIG, well, we
discover that the more layers we put down, the
more strange and unexpected things that can
happen, as described in this article by Hitachi
Chemical.
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LITTLE THINGS HAVE THE POWER TO BREAK BIG DAMS continues

What is a better answer to this insanity?
The use of the very small: the nanometer-scale
coating.

A nanometer is one billionth of a meter. The
diameter of a golf ball is 42.67 million nanome-
ters. The smallest thing the human eye can de-
tect is 0.1 mm or 100,000 nanometers. A single
skin cell is 30,000 nm and humans can’t see it
without a microscope. An E. coli bacterium is
about 600 nm long and we can see this with
a high-power light microscope. Visible light
microscopes are limited by the wave-length of
light, which is about 500 nm. An HIV virus is
130 nm, a hepatitis virus is 45 nm, a ribosome is
30 nm, and hemoglobin is 6.5 nm; hu-
mans need sophisticated electron
microscopes to see things this
small. Equipment exists that
can coat printed circuit boards
with a 60 nm protective layer.
Why on earth would we want
to do that? How could some-
thing so thin and tiny do any-
thing for us? (If you are think-
ing like that, then you will suf-
fer the same career-damaging
fate as the design engineers at
Glenn Canyon Dam.)

A great example of how this seem-
ingly insignificant, invisibly-thin coating com-
pletely changes the game is by virtually elimi-
nating creep corrosion! It’s a problem with
almost any type of metal finish, but it is most
apparent with the use of immersion silver. Sil-
ver has great solderability properties, but it is
affected by tarnishing and is very susceptible
to creep corrosion, a serious problem because it
induces shorts and opens well after final assem-
bly, leading to the potential of value add claims
from your customer.

Possibilities also arise for bonding copper
wire to copper pads on the board. This would
eliminate several things: the cost of the gold
pad and the gold wire; the worry about scrap
caused by incorrect gold thickness; and/or a
scratch on a wire bond pad, due to a handling
mishap. Moreover, a copper-to-copper bond re-
duces impedance-matching effects, rendering
cleaner signals, and possibly reducing power re-
quirements because of the improved efficiency.
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A great example of
how this seemingly
insignificant, invisibly-thin
coating completely
changes the game is
by virtually eliminating
creep corrosion!

This results in a lower-cost product that is eas-
ier to make, and has better final performance.
Companies like Amkor seem to be working in
this direction, and an IEEE article from about
fine-pitch wire bonding on copper pad can be
found here.

Certain nano-coatings available today, like
those from Semblant, don’t require a mask-
ing, because you can wire bond or solder right
through it. When we engineer by adding steps,
by adding layers of metal, by adding overall
complexity, we reduce the reliability, quality,
and performance of a product. These added
complex steps, which are challenging to con-

trol and manage at the end of the pro-

cess, make our business very unpre-

dictable. We can have a total loss
of a job happen at just the wrong
time, which can do financial
damage many times greater than
the cost of remaking the lot. I
have been witness to this very
event where a medium-sized
shop lost an opportunity to be
a supplier to a very large medi-
cal device OEM, because the roll
of the dice on their metal finish-
ing turned up deuces, meaning they

“crapped out,” to use a gambling term.

So what is the problem with using this new
technology? It isn’t free! This means we have to
get it past our accounting department, which
is fixated on ROI. Sure, we may have budget-
ed capital expenditures, but accounting is the
gatekeeper. In order to get past the gatekeeper,
the new technology has to generate enough
money so that it matches or exceeds the ROI
target. The first thing to look at is the cost of
gold, which is expensive. In the last five years,
gold has been as low as $650 an ounce, and as
high as $1,800 an ounce, approximately. Con-
sider an 18” x 24" panel with 1 um thickness
(0.0001 cm) for gold, where there are 80 circuits
on a panel with 20 gold pads per circuit with
dimensions of 60 mils (0.1524 cm) by 20 mils
(0.0508 cm). Using the density of gold at 19.32
g/cm”3, we would have 0.012 grams of gold
over the board, or 0.000423 of an ounce. At the
time [ wrote this article, the price of gold was at
$1,617/0z., which amounts to $1.36 per board.
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LITTLE THINGS HAVE THE POWER TO BREAK BIG DAMS continues

If you are building 1,000 boards a week for one
year, $70,720 a year could be eliminated if you
didn’t need a gold finish. Many of us have CFOs
who want a much stronger case than this.
Where would more monetary value come
from that could help us build a stronger ROI
justification for this new technology? My DAM
Scrap column (August 2012) might offer a hint.
Scrap Kkills capacity in the form of restarts. For
example, a 20% scrap rate will reduce your avail-
able capacity by 25%, because 5% of restarts
will be restarted at least one more time. More-
over, in an era where we need premium quick-
turn jobs, the scrap rate can have a devastating
effect on profits. An improvement of as much
as 10% in scrap can have the same economic
impact as having your shop located in China,
with one tenth of the labor rate. When you add
up all of the scrap costs caused by metal finish-
ing it can be as high as 5%, 10% or more. Scrap
isn’t just a cost, but it is also a constraint on
your plant’s capacity. Significant improvements

Scheduling Releases Order

Total # Received

Customer Receives Order

Plant Maks Order

— - Received

Customer Makes Order

to scrap need to be understood as a strategic is-
sue with regard to how best to deploy the new
capacity for maximizing profit. For example, if
there is an 11% improvement in capacity from
using a nanometer-scale technology process
and you can generate 5% more quick-turn jobs
with a high average price per panel, the ROI can
be very high.

Here is something else that doesn’t show up
on the ROI computation, but it speaks to that
one time event that can have devastating con-
sequences to your business, all because of poor
timing. Figure 1 shows a discrete event model
for a simple (supplier plant/customer plant)
supply chain.

We will be discussing this model in great-
er detail in next month’s column. For now, a
customer decides on the reorder point (ROP)
and economic order quantity (EOQ) that will
minimize costs and keep its plant building the
product they need to sell. Figure 2 shows the
inventory fluctuation that you would see for

e g

Order Shipped to Customer

Stock Level

—

Order Status
#9 #8 #s8 #e

ordered reciewad  begin finish

Customer Procurement

Order

Figure 1: The discrete event model for the simple supplier/customer supply chain.

September 2012 ¢ The PCB Magazine 37




LITTLE THINGS HAVE THE POWER TO BREAK BIG DAMS continues
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Figure 2: The typical saw pattern using the optimal settings for the reorder point (ROP) and the
economic order quantity (EOQ) derived from the discrete event model.
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Figure 3: A somewhat unstable saw pattern due to the scrap happening in the supplier plant, resulting
in a higher ROP and EOQ, as well as a higher average inventory and maximum inventory.

optimized values that were determined for no  boards are scrapped out at the end of the pro-
scrap in the supplier plant. In order to get these  cess, as you would find with gold or any metal
results the ROP was 8 and the EOQ was 12. finishing operation, you have to restart at the

For a 10% scrap rate at the supplier, where  beginning. This inefficiency causes ROP to be
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Figure 4: Even with the optimum ROP and EOQ derived in the model, you can have worst-case
scenarios that cause your customer to be down for days. What is the cost to your business when these

worst-case scenarios happen?

11 and the EOQ to be 14. Figure 3 shows a typi-
cal safe result where the maximum inventory
was found to be 18 and the days down was 0.
The maximum inventory for the no scrap case
was 14.

This may not seem like a great concern,
until you consider what the worst-case sce-
nario might be. Figure 4 shows the worst case
from 500 runs at the optimum settings for 10%
scrap.

For this run, there were a total of 16 days
of insufficient inventory, where the customer
was shut down! One of these periods of shut-
down, which happened just after 75 days, was
for seven days straight. True, this was an un-
likely outcome, one out of 500 (we will get in a
deeper dive with this model in the next article
about risk), but the important point is that it
did happen! Just like the larger than expected
water flow into Lake Powell, which was a low-
probability event, it did happen. What are you
going to tell your customer when their process
has been shut down because of issues with re-
starts and scrap in your factory? That you filled
out a SCAR and reprimanded the responsible
operator and it will never happen again? A lie?

Will you say that this is a random occurrence
and it will happen again and you don’t know
when? The truth?

It is a no-win situation for everyone. A pos-
sible win/win would be to tell your customer
that you are fundamentally changing your
metal finishing process, which will drastically
reduce the probability of this happening again
and provide a huge improvement in your abil-
ity to supply your customer consistently. pcs

Gray McQuarrie is president of
Grayrock & Associates, a team
of experts dedicated to build-
ing collaborative team environ-
ments that make companies
maximally effective. McQuarrie
is the primary inventor of the patent, Com-
pensation Model and Registration Simulation
Apparatus for Manufacturing PCBs. He has
worked for AlliedSignal, Shipley, Photocircuits,
Monsanto and others. Contact McQuarrie at
gray@grayrock.net.
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National Healthcare Policy Drives Flex Innovation
to Meet Demand for Home Medical Electronics

by Dick Pirozzolo

SUMMARY: While John Q. Public is thinking
about healthcare reform during this presidential
election year, PCB makers are focusing on technol-
ogy that will improve home-based monitoring and
treatment.

The Patient Protection and Affordable Care
Act and presidential election-year rhetoric on
Medicare and Medicaid reform has just about
everyone thinking about the cost of healthcare.

While breakthroughs such as an HIV vacci-
nation or early detection of the onset of demen-
tia would have a huge cost impact, healthcare
policy makers and the electronics industry—
flexible PCB makers included—are looking else-
where. Technology that will keep people out of
the hospital by improving home-based moni-
toring and treatment looks most promising.

Ezekiel J. Emanuel, M.D., who chairs the De-
partment of Medical Ethics and Health Policy at
the University of Pennsylvania and is an advi-
sor for health policy to the White House Office
of Management and Budget, is an advocate for
encouraging healthcare innovations that may
be less gee-whiz but actually lower cost and im-
prove patient outcomes. In a New York Times
opinion piece titled On Falling for Fake Innova-
tion, Emanuel writes, “By the end of the decade,
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we will see many ... true innovations—small
and large, high-tech and non-tech. Diabetics’
smartphone applications could transmit their
glucose levels to doctors’ offices; wireless home
monitoring systems could be installed for pa-
tients with congestive heart failure... There will
also be many innovations in electronic health
records. These aren’t flashy robots, gleaming
scanners or new pills, but there is already evi-
dence that they will save money and improve
care.” Emanuel is a champion of electronically
managed prescription medicine adherence sys-
tems as yet another innovation to be encour-
aged under the Affordable Healthcare Act now
being implemented.

The drive toward home healthcare technol-
ogy solutions foretells opportunity for flex and
rigid-flex designers and manufacturers who are
equipped to meet reliability standards in an en-
vironment where sophisticated electronics are
being placed in the hands of older and infirm
individuals. James Mahoney, applications engi-
neer at Mass Design in Nashua, New Hampshire,
points out, “Home healthcare electronic devic-
es increasingly depend on flex circuitry to cram
more functionality into smaller spaces while de-
livering nearly 100% reliability. And they have
to withstand the rigors of ‘round-the-clock op-
eration and be easy to use, too. These applica-
tions are so demanding that instead of the term


http://opinionator.blogs.nytimes.com/author/ezekiel-j-emanuel/

high reliability, the PCB industry should adopt
the term high-stress circuits to reflect the un-
precedented user and environmental demands
of home healthcare applications.”

Systemic Electronic Solutions

In addition to medical management and
monitoring equipment placed in the home, an-
other big opportunity for the electronics indus-
try is to create a foolproof integrated approach
to prescription medicine administration and
adherence that seamlessly links the doctors,
hospital pharmacy, nurses, independent phar-
macy, caregivers, family and patients together
with accurate, up-to-date information.

A coordinated and properly linked commu-
nication system will improve the capability of
home-based treatment markedly over the com-
ing years. Home dialysis, unheard of a decade
ago, is being improved at the patient end, with
insulin pumps that keep glucose levels
stable for diabetics. Those suffering
from Parkinson’s disease could
use monitoring systems that
might be incorporated into
smartphone applications.

In short, patients will be
going home from the hospi-
tal with electronic devices in
much the same way they used
to go home with a sheaf of pre-
scriptions.

David Bear, M.D., founder
and chairman of MedSentry,
Inc., in Westborough, Massa-
chusetts, and an observer of home
healthcare technology trends, explains,

“With Parkinson’s disease, for example, medi-
cation has to be precisely administered based
on patient activity. Too high of a serum level
of medication and patients can develop trem-
ors; too low of a level and the patients become
frighteningly immobile. In the past, doctors had
to ask their patients about their daily activities,
resorting to memories, to determine the correct
dosage. Today, these patients can carry an ac-
celerometer to create a detailed, statistically re-
liable record of their movements. Similarly, dia-
betes patients can check their glucose level with
a light beam focused on their blood vessels.

Studies show that
patients lie to their
doctor about half
the time regarding
drinking, medication,
unprotected sex
and so forth.

These are not the big medical breakthroughs
that make the evening news, but modest elec-
tronic applications that have an impact on bet-
ter medical outcomes and lower cost.”

In addition to doctors relying on patients’
faulty memory, technology eliminates another
human failing—lying. Studies show that pa-
tients lie to their doctor about half the time re-
garding drinking, medication, unprotected sex
and so forth.

“Whenever patients say they have a couple
of cocktails after work, doctors routinely double
that number,” Bear quips.

MedSentry Prescription Adherence System,
about to be evaluated at Mass General Hospital,
stores prescription medicines and monitors ad-
herence through digital visualization. The de-
vice sits on a table, can be moved to a different
home or apartment, and checks in via the Inter-
net, communicating with a central monitoring

facility using Wi-Fi or 4G wireless cards.

Says Bear, “Homecare has no-

where to go but up. People are liv-
ing longer. Aging at home, with
an independence program, is
growing in popularity. In ad-
dition to prescription medi-
cine adherence, technology is
emerging that allows us to col-
lect electrocardiography infor-
mation, blood pressure data and
weight. The MD can readjust
medications accordingly, with
devices like MedSentry confirm-
ing the new regimen. This cre-
ates a closed data loop coming from
the home and returning as a medication
adjustment that is verified by home monitor-
ing. The system cuts down on follow-up doctor
visits, trips to the emergency room and, most
importantly, return hospital stays where older
people are subjected to stress and resistant bac-
teria.”

Prescription medicine adherence technol-
ogy is typical of the design challenges flex and
rigid-flex designers and manufacturers will be
facing as the type and complexity of home
healthcare systems grow. MedSentry, for ex-
ample, is built around a panel computer with a
user-friendly, touchscreen. It has 28 individual
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cups with LED illumination containing enough
medication for up to four doses a day for seven
days. Eight video cameras peer into the cups
and send high-resolution images of the pills to
those responsible for patient care. When the
cups are filled, the central monitoring station
also checks for accuracy. Medication reminders
can be transmitted by vibration, light, sound or
any combination of the three.

Mahoney points out, “These devices benefit
markedly from flex. They are crammed with
communication electronics, LEDs and video
cameras. They pack a lot of capability into a
small space. They have to be tough, easy-to-use
and virtually drop proof as well as compact and
attractively designed.”

Reverse Technology Transfer

Mahoney observes that the trend toward
more home-based medical electronics is bring-
ing about an unexpected benefit, reverse tech-
nology transfer. “We think of home medical
electronics as less-costly consumer versions
of highly sophisticated, expensive equipment
found in hospitals and physicians offices. Tech-
nology is going the other way too. Medical de-
vices designed for home use are contributing to
lowering the cost and improving technology
for professional equipment as well.”

Palomar Medical Technologies of Burling-
ton, Massachusetts, designs, produces and sells
cosmetic lasers and intense pulsed light (IPL)

Figure 1: MedSentry—a prescription adherence
system, stores prescription medicines and moni-
tors adherence through digital visualization.
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Figure 2: Home healthcare delivery and moni-
toring systems will become more prevalent,
pushing the demand for increasingly smaller de-
vices, benefiting from flex and rigid-flex PCBs.

systems to improve skin appearance for men
and women, and has now developed a low-price,
non-ablative fractional laser for home use. This
product is now being marketed to professionals.
Explains Joseph P. Caruso, Palomar, CEO, “We
have leveraged many of our consumer product
technologies and manufacturing processes to
substantially reduce cost and enable us to offer
entry level professional systems at a very attrac-
tive price.”

With many devices, especially those that are
hand held, Mahoney notes, “Compressing more
circuitry into a smaller space by using flex not
only offers the advantage of decreasing space,
it also reduces the risk of uneven performance
and increases circuit speeds.

“In addition to speed, the need to be thin is
also a challenge. Where we used to have surface
mounted components encased in ceramic ma-
terial, we are now seeing components placed in
recessed pockets to save space and mounted di-
rectly in contact with metal to dissipate heat,”
states Mahoney.

Flexibility is also inching toward stretch-
ability. Last year, The Economist predicted that
coming generations of circuits will stretch to
mimic, say, human skin in a prosthetic hand.
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Even the hard components that sit on tiny is-
lands in these circuits may one day be flexible.!

Says Mahoney, “True stretchability in flex
circuitry is still in its infancy. Stretching a circuit
board, like an elastic band, changes the electri-
cal characteristics of the vias by making them
thinner and longer. We’ve turned to mechani-
cal means to add stretchability more simply.
Imagine a hairpin or spring, with the ends be-
ing pulled apart. It’s a mechanical approach to
adding stretchability without actually stretch-
ing the material. In principle we do the same
thing with flex.”

Of course, cost is a factor. Mahoney points
out, “I run into cost every day when I meet
with OEM manufacturers. The manufacturing
cost has to be weighed in several ways with reli-
ability being the byword. Consider the cost of
downtime. In a hospital, where there may be
multiple devices performing the same function,
downtime is not as costly or as critical as when
home health equipment fails in the middle of
the night.”

On the outcome end of the equation, the
cost savings derived from reliable home-based
technology—Ilet alone reduction in human
suffering—are enormous. Says Bear, “Conges-
tive heart failure is the most expensive illness
we treat. Physicians prescribe as many as eight
different medications, some of which require
critically precise, constantly adjusted dosages.
Patients get confused over changes, shifts to
generic drugs and so forth. They typically get
the dosages right only about 50% of the time.
Largely because of adherence errors, about 27%
of these individuals wind up back in the hospi-
tal in the first month following discharge.”

Monitoring weight and blood pressure at
home and having a nurse call to check up on the
patient has been shown to cut hospitalization
by around 40%. “With broader implementation
of technology we can do much better. Our goal
is to maintain adherence at greater than 95%
and reduce hospitalizations stemming from
poor prescription medicine adherence by more
than 45% at a lower cost than intensive home
health monitoring,” Bear explains.

Adds Mahoney, “Increasingly, the most reli-
able solutions in these high stress home health-
care environments are flex and rigid-flex PCBs
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that can meet the high-stress demands placed
on them by their users.”

When it comes to the future of flex circuit
technology in home healthcare monitoring and
treatment, these are the six factors to watch,
says Mahoney:

1. Recessed components that will squeeze
more capability into thinner boards, while flex
enhances heat dissipation in smaller devices to
increase reliability.

2. Smaller and faster circuits in healthcare
devices relying on RF communication with
electronics operating at faster speeds.

3. Stretchable PCBs with wearable circuit-
ry—including prosthetic devices with circuitry
that acts as a subcutaneous layer around an ex-
tremity, possibly adding sensitivity to the fin-
gertips of a prosthetic hand, for example.

4. Flex will play a bigger role in a vastly
improved systemic approach to prescription
medicine adherence—electronically linking the
hospital and patient using smaller, more widely
deployed, handheld devices.

5. Expect reverse technology transfer. Home
healthcare devices will pave the way for making
their professional counterparts less costly and
more universally available, helping to improve
healthcare delivery.

6. Smartphone sales will increase and lower
healthcare costs. Home medical devices will in-
creasingly be incorporated into flex-dependent
smartphones that can take your pulse, read
glucose levels and measure activity. This will
increase sales of smartphones among an older
population, as it may be cheaper to equip pa-
tients with a smartphone loaded with the medi-
cal monitoring applications than to manufac-
ture specialized devices in lower volume. pcB
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Breakthrough in
Ferroelectric Materials

A new class of organic materials developed at
Northwestern University boasts a very attractive
but elusive property: ferroelectricity. The crystalline
materials also have a great memory, which could
be very useful in computer and
cellphone memory applications, | f
including cloud computing. The
study was published Aug. 23 by the
journal Nature.

A team of organic chemists
discovered they could create
very long crystals with desirable
properties using just two small
organic molecules that are extremely
attracted to each other, causing
them to self assemble into an |
ordered network that is needed for a
material to be ferroelectric.

The starting compounds are
simple and inexpensive, making
the lightweight materials scalable
and very promising for technology
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applications. In contrast, conventional ferroelectric
materials—special  varieties of polymers and
ceramics—are complex and expensive to produce. In
addition to computer memory, the materials could
potentially improve sensing devices, solar energy
systems and nanoelectronics.
“This work will serve as a guide for designing
these materials and using ferroelectricity in new
ways,” said Samuel I. Stupp, Board
of Trustees Professor of Chemistry,
Materials Science and Engineering,
and Medicine and senior author of
. the paper. “Our molecular design
enables us to invent a nearly infinite
library of ferroelectric materials.”
The new ferroelectric materials
could be developed into non-
volatile memory. With this type
of memory, if the power is turned
off, the information is retained. If
the cloud and electronic devices
operated on non-volatile memory,
$6 billion in electricity costs would
be saved in the U.S. annually, the
researchers said.
Click here for more information.
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Most-Read Flex007 News

Highlights This Month

Printed, Flexible, & Organic:

Lowering Healthcare Costs

Emerging technologies in printed, flexible, and organic
electronics are poised to impact the $300 billion global
medical device market as governments, insurers, and
patients seek to bring down healthcare costs, according
to Lux Research.

Global Flexible Electronics Market

to Hit $25.9B by 2018

Flexible electronics is an emerging field of science and
manufacturing technology, and enables planting of
electronic devices onto conformable plastic substrates.
The flexible electronics sector, similar to large area or
macro electronics, organic electronics, plastic electron-
ics, and printed electronics verticals, is driven by the
global demand for lighter and smaller electronic prod-
ucts that consume less power.

Career Posts Record Revenues for July

Flexible printed circuit board maker Career Technology
saw its consolidated revenues gain 14.2% sequentially
and 12.3% on year to top an all-time high of NT$1.145
billion (US$38.22 million) in July.

June Flex Shipments Rose,

Bookings Fell Year-on-Year

Flexible circuit shipments in June 2012 were up 2.1%,
and bookings were down 8.4% compared to June 2011.
Year to date, flexible circuit shipments decreased 7.1%
and bookings decreased 3.4%. Compared to the previ-
ous month, flexible circuit shipments increased 29.7%
and flex bookings were up 14.9%. The North American
flexible circuit book-to-bill ratio remained high at 1.16.

Matrix Debuts Coverlay, Bondply for FELIOS Flex
Matrix Electronics announces acrylic adhesive coverlay
and bondply to complement its Panasonic FELIOS flex-
ible laminate line. These new offerings are IPC specifica-
tion certified, and cover the most popular adhesive/film
combinations.

DKN Research Develops Ultra-Thin,

Copper-Free Flex Circuits

DKN Research, a leading engineering firm specializing
in microelectronics and packaging technology, now
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carries ultra-thin, copper-free flexible circuits with reli-
able via holes. The firm developed a series of process-
ing technologies to generate thin nickel traces on both
sides of thin polyimide film, specifically targeting those
scientific and medical applications that require the
elimination of copper metals from electronic devices.

AT&S’ Q1 Performance Paves Way

to Positive Year

AT&S reaffirms its positive outlook for current financial
year following modest first-quarter performance. The
introduction of new models, product launches, and
declining sales of some mobile devices customers all
had an impact on AT&S Group’s performance in the
first quarter. Revenues were up by 14% and the EBITDA
margin improved slightly.

Molex Satisfied with FY2012 Results

Amid Revenue Drop

“We are encouraged with our margin performance in
the June quarter even though revenue was below our
expectations. More importantly, bookings have now in-
creased sequentially in Q3 and Q4 and new product
design activity remains extremely strong,” commented
Martin P. Slark, Chief Executive Officer.

Aspocomp Benefits from Acquisition;

Sales up 14%

“Aspocomp posted better performance in the second
quarter of 2012 than in the first in spite of the uncertain
market conditions. Net sales grew to EUR 13.1 million
following the acquisition of the Teuva plant. However,
due to unstable demand, capacity utilization was not
at a desirable level. Operating profit amounted to EUR
1.2 million, slightly over nine percent of net sales,” said
CEO Sami Holopainen.

Ibiden Reports Slightly Higher

1Q FY2012 Sales

PCB maker Ibiden Co. Ltd has reported 1Q FY 2012
net sales of 69.591 billion yen ($889.5 million at
$1:78.2340 yen), up by 1.9% from the same period
last year. Operating income, meanwhile, was down by
6.2% to 3.89 billion yen ($49.76 million) from last year,
while ordinary income declined by 4% to 3.335 billion
yen ($42.6 million).
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KARL'S TECH TALK

Copper Surface Preparation for
Dry Film Lamination, Part E

by Karl Dietz
KARL DIETZ CONSULTING, LLC

SUMMARY: In this last installment of a five-
part series covering copper surface preparation
for dry film lamination, surface preparation pro-
cesses are examined, including brushing, jet and
brush pumice, and aluminum oxide. Also: chemi-
cal surface preparation processes, with emphasis
on trends in surface preparation and their root
causes.

To recap, this five-part series on copper sur-
face preparation for dry film lamination has ad-
dressed the following:

A. The issue of copper topography and dry
film conformation

B. The issue of characterizing the copper
topography and establishing
topography specifications

C. The issue of dry film adhesion to the
copper surface, understanding the
chemical interactions at the copper and
resist surfaces

D. The issue of characterizing the copper
surface chemistry and establishing
criteria for acceptable surfaces based on
empirical adhesion tests, and lastly

E. A summary of copper surface
preparation processes, their advantages
and limitations, as well as trends in this
technology

In this final installment, a look at the sur-
face preparation processes that are in use, with
emphasis on changes and trends in surface
preparation and their root causes are examined.

A Brief Overview of Surface
Preparation Processes

One can group the different techniques as
follows:

48 The PCB Magazine ® September 2012

® Mechanical brushing

¢ Pumice (and aluminum oxide) cleaning,
both brushing and jetting

¢ Chemical cleaning, which may consist
of an alkaline or acid cleaner, or
microetch, or combinations or
sequences of such chemistries, including
electrochemical cleaning

Brush Cleaning

Brush scrubbing is a common surface prepa-
ration technique. Being an abrasive process,
brushing both structures the surface and re-
moves surface contaminants at the same time.
Brushing machines are typically conveyorized
modules with rotating pairs of abrasive brushes
to clean the top and the bottom side of a panel
in one pass. Water sprays cool the brushes and
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COPPER SURFACE PREPARATION FOR DRY FILM LAMINATION, PART E continues

carry the removed surface particles to filters.
The two dominant brush constructions are (ny-
lon) bristle brushes and compressed pad brush-
es. Bristle brushes have individual nylon bristle
arranged like spokes on a wheel around a core.
The abrasive material (grit), usually silicon car-
bide, is impregnated in the nylon bristles.

Pumice Cleaning

Pumice cleaning involves the use of pum-
ice powder. It is applied as an aqueous slurry
by brushes or by jetting. The word pumice is
sometimes loosely used as a generic term for
a variety of abrasive materials, whether they
are pumice chemically or not. Pumice is a
complex silicate of varying composition and
structure depending on where it is mined. The
most commonly used pumice is mined on the
small island of Lipari off the shore of Sicily,
Italy. The pumice is ground and used as is (un-
fused) or heated (fused) to yield harder particles.
Pumice mined in the U.S. is normally Navajo
pumice and is typically fused. Pumice comes in
many grades, the most common being 3F and
4F, with an average particle size of about 60
microns.

Chemical Cleaners and Microetchants

Alkaline cleaners contain, as the name sug-
gests, alkali. In addition, they may contain
wetting agents (surfactants) and antifoam.
They are best suited to remove organics and
some inorganic salts, but they don’t remove
copper oxide and chromates. Acid cleaners
are usually formulated with sulfuric acid, oc-
casionally with HCI or phosphoric acid, or a
combination of mineral acids. They, too, can
contain wetting agents and antifoams. They
are suitable to remove copper oxides and some
or all of the chromate, and they can remove
organics, but not as effectively as alkaline
cleaners. Some acid cleaners may show a slight
microetch. Microetchants are acidic and the
active ingredient is either persulfate, monop-
ersulfate, or hydrogen peroxide. It is advis-
able to remove potential etch retardants such
as organic impurities before the microetch-
ing. Microetchants remove copper oxides and
chromates (at a sufficient etch depth). In ad-
dition to cleaning, microetchants change the
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topography of the copper. They typically yield
a desirable micro-roughness. One-step clean-
ers have become very popular in recent years.
They are acidic cleaners that remove copper
oxides, some or all chromate, and they do a
reasonable job removing organics. Some clean-
ers are formulated to also microetch and pro-
vide an antitarnish.

Types and Functions of Chemical Cleaners
and Microetchants
e Alkaline cleaners
- remove organics, some inorganic salts
—don’t remove copper oxides, chromates

e Acid cleaners

- remove copper oxides, some chromate

- can remove organics (less effective than
alkaline cleaners)

— may microetch slightly

* Microetchants (acidic; persulfate;
monopersulfate; peroxide)

— etch retardant, e.g., organics, to be
removed first

- remove copper oxides

— remove chromates (at sufficient etch
depth)

* One-step cleaners

—acidic cleaners, remove copper oxides
some chromate

- may remove some organics, but not very
effectively

— may also microetch and contain
anti-tarnish

Considerations in the Selection of a
Surface Preparation Process, Limitations,
and Technology Trends

There are, of course, economic consider-
ations in the selection of a surface preparation
method such as the cost of consumables, the
cost of maintenance and waste treatment, and
floor space requirements. With regard to tech-
nical considerations, one trend I have noticed
over the last twenty-odd years is a move away
from mechanical preparation methods such as
brushing or pumice cleaning to chemical clean-
ing/microetching, whereby the chemical clean-



COPPER SURFACE PREPARATION FOR DRY FILM LAMINATION, PART E continues

Applicable Surface Preparation Methods

Innerlayer 500 Grit Brush Jet Chemical
(Total Thickness) Brush Scrub Pumice Pumice  Clean

> 8 mil (0.2 mm) Yes Yes Yes Yes

6-8 mil (0.15-0.2 mm) No Yes No Yes

< 6 mil (0.15 mm) No No No Yes

Figure 1: Guideline for selecting a surface preparation method to minimize laminate distortion.

ing processes have been streamlined by the use
of a single cleaner/microetch chemistries (“one-
step cleaner”).

There are several drivers supporting this one-
step trend. Innerlayer copper-clad laminate, as
well as multilayers, have become much thinner,
which makes size distortion of the layer due to
the introduction of stress by mechanical prepa-
ration methods more of a problem. Basically,
the brushing or jetting stresses the copper-clad
laminate, a stress that is released or partially
released after etching, causing a distortion of
the circuitry pattern, which can lead to misreg-
istration. Chemical cleaning essentially elimi-
nates this problem. Figure 1 offers a guideline
on which method to choose based on laminate
thickness.

Another reason to move away from pum-
ice or aluminum oxide cleaning is the fact that
drilled through-hole diameters have become
smaller, allowing for the a greater danger of hav-
ing a pumice particle stuck in the hole, which
would interfere with through-hole cleaning
and metallization.

Mechanical surface preparation has histori-
cally been used primarily to provide the desired
surface roughness for proper dry film adhesion.
With the advent of reverse treated foil there is
no need to roughen such a surface. The only
surface preparation that is needed on such a
surface is a mild acid cleaner and/or microetch.
The microetch actually makes the surface a little
smoother, which is desirable since the reverse-
treated foil has a surface roughness that is on
the upper limit of what is desirable.

Other Selection Criteria and Trends

Copper foils have become thinner on aver-
age, and the consideration of not removing a
large amount of copper during the surface prep-
aration may come about so that enough copper
is conserved to warrant the required current-
carrying capability. For example, alkaline clean-
ers don’t remover copper (nor copper oxides)
while acid cleaners may remove a small amount
of copper, and microetchants will remove more
or less copper depending on the chemistry and
process conditions. Brush pumice will remove
copper while jet-pumicing won't.

An extreme situation where copper remov-
al is a prime concern is the semi-additive pro-
cess (SAP). In SAP processing, only a very thin
layer of electroless copper is deposited on the
prepared dielectric layer. It is so thin that no
copper surface preparation can be practiced.
Therefore, the topography of the copper mir-
rors the topography of the dielectric, which
in turn is a function of the dielectric composi-
tion, e.g., the size of the silica filler particles, the
domain size of the dissimilar resin components,
and the desmear chemistry and processing
conditions. pcs

Karl Dietz is president of Karl
Dietz Consulting LLC, offering
consulting services and tutorials
in the field of circuit board and
substrate fabrication technol-
ogy. Dietz can be reached by
e-mail at karldietz@earthlink.net
or phone (001) 919 870 6230.
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Conversations with...

Printed Circuits Inc.

By Marcy LaRont
I-CONNECTO007

SUMMARY: Marcy LaRont sat down with PCi
President Ken Tannehill and National Sales Man-
ager Bob Burns to discuss the company'’s long his-
tory, the PCB industry and what we all have to look
forward to in the upcoming years.

Printed Circuits Inc. (PCi) had its begin-
nings in the 1950s, at the very start of PCB
manufacturing in the United States, serving
the military and aerospace sectors. But things
really took flightin 1977, when
Ken Tannehill restarted his fa-
ther’s company with the help
of three colleagues, $3,500 in
capital, and a friend with sur-
plus used equipment. With 55
years in the PCB industry un-
der his belt, Tannehill is proud
that PCi is thriving as one of
the original U.S. rigid-flex PCB
manufacturers.

Coming up on PCi’s 35"
anniversary, he is still excited
by this industry, and there
are a few things that he wants
you to know. Marcy LaRont
sat down with Tannehill and

Marcy LaRont: Let’s start at the beginning.
Printed Circuits Inc. goes way back. How did it
all start?

Ken Tannehill: In 1950, my father started
a PCB company called Precision Fabrication
Products Inc. My dad was an aerospace engineer
for Honeywell Aerospace in Minneapolis. He
heard about circuit boards and put a few guys
together and started his company in a garage,
not far from the University of Minnesota. He
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Printed Circuis Inc

National Sales Manager Bob Burns to discuss
the company’s long history, the PCB industry
and what we all have to look forward to.

worked for Honeywell during the day. Eventu-
ally, he pitched his little circuit board company
to them and Honeywell took interest. My dad’s
small company started building some of their
boards. At this point, my dad still had his day
job as a Honeywell employee and was building
PCBs as a side business.

But in 1951, Photo Circuits had begun PCB
fabrication, and in 1954 the Bureau of En-
graving had started up PCB operations. Thus,
all of a sudden, Honeywell had options. They
gave my dad an ultimatum. Fither he needed
to commit to his circuit board company and
Honeywell would continue
to use it, or he needed to stick
with Honeywell. He decided
to leave and commit to his
PCB business. He moved out
of the garage shop and built
a 40,000-square-foot facility
in Bloomington, Minnesota,
and he changed the company
name to Printed Circuits Inc.
(PCi).

ML: So, you grew up in
the industry?

KT: I definitely grew up in
the industry. I started in my
dad’s garage shop, doing all sorts of odd jobs
when I was about 10. So, I've been in the busi-
ness for more than 50 years.

ML: Your dad founded his PCB shop in the
‘50s, naming it Printed Circuits Inc. in 1960.
But you restarted it in 1977. What happened
in those 17 years between?

KT: 1 graduated from the University of Min-
nesota in 1972. My dad, in the meantime, had
retired and sold PCi in 1969. After gradua-
tion, I went to work for a local board shop, in
sales. Five years later, that company was going
through a management change, so along with



my contacts and three of my colleagues, we de-
cided to go out on our own. To start the busi-
ness, we had $3,500 and, luckily, a friend who
had lots of used equipment.

ML: PCi was not always a flex and rigid-flex
fabricator?

KT: No, for the first 20 years we did stan-
dard, rigid PCB manufacturing focused primar-
ily on mil/aerospace. But, we built every type of
circuit board imaginable, including a 36-layer
board, which, at that time, was unheard of.

ML: Who were your first customers?

KT: Our first customer was the University of
Minnesota. Our second customer was Honey-
well. The relationship with Honeywell still mat-
tered.

ML: When did you first start building flex?

KT: We did our first rigid-flex board in 1982
for Teledyne Inc. Our company was the first to
qualify for the MIL-P-50884 rigid-flex specifica-
tion, before it was even a requirement.

ML: And now you are an exclusively rigid-
flex manufacturer. When did this change hap-
pen?

KT: Well, as time progressed and the early
‘90s descended upon us, I had concerns about
the Asia factor, watching standard technol-
ogy multilayer product transitioning overseas.
I knew price was most certainly going to be a
factor going forward. Thus, in 1997, I made a
decision to focus on rigid-flex only. I felt it was
important for us to have a market niche, to play
in an arena that the overseas market was not
interested in, or was not capable of participat-
ing in at that time. Rigid-flex was and still is
engineering-intensive, custom fabrication re-
quiring lots of hand-on attention, and at lower
volumes.

ML: What was your product mix at the time
you made this announcement, and how did
your customer base respond?

KT: When we made this change, our prod-
uct mix was about 50/50, rigid PCBs to rigid-
flex PCBs, so it was a bold move. We announced
that we would honor all contracts we currently
had in-house, but we would not take new busi-
ness that was not rigid-flex work after a certain
date. There were several customers that left us,
vowing they would never design anything in a
rigid-flex format. It was a rough go for about
three years. But I am happy to say that today,
whether direct or through subcontractors, ev-
ery single one of those customers is back doing
business with us.

ML: So, in 1997, you basically reinvented
your company.

KT: It was like starting all over again. Cus-
tomers left. We had sales voids that we needed
to fill. The biggest challenge was that we need-
ed to sell the rigid-flex concept. Engineers and
designers didn’t really understand rigid-flex
technology and how it could benefit them in
terms of utilization and packaging, and ulti-
mately, cost. We had to get into companies at
those deep, early development levels. Our belief
was, and is, that one flex-rigid board can replace
three to five regular multilayer circuit boards in
a package, thereby creating a significant cost
saving for the project overall. But getting cus-
tomers past only seeing the difference in raw
materials was tough. They would do a direct,
cost-to-cost materials comparison and say no to
the technology without going any further. That
was the education process we undertook with
OEMs.

Bob Burns, National Sales Manager: Abso-
lutely—still today, when you see an assembly
that contains five rigid boards in it, we know
that we are in the hunt.
We know we can com-
pete with their current
full assembly costs. And
we have the additional
selling point of increasing
the reliability of the final
device, by eliminating the
flex connectors that have
a relatively high failure
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CONVERSATIONS WITH...PRINTED CIRCUITS INC. continues

rate. The rigid-flex boards are so much more
reliable than having multiple, rigid multilayer
boards throughout the assembly with flex con-
nectors that fail in the field.

ML: So how has rigid-flex developed and
changed in the past 15 years?

BB: The manufacturing field has obviously
gotten much stronger since we made the de-
cision to focus on rigid-flex in 1997. But still,
there are only a few truly viable suppliers that
are really good at the technology.
There are about 40 stated U.S.
suppliers of flex and rigid-flex
PCBs, but I believe that we
have only about a dozen real
experts in that field.

ML: That’s a bold state-
ment.

BB: Yes, maybe it is. But
the companies that are really
good are the ones with the ex-
perience of doing it for many
years, who truly understand
the failure mechanisms.

KT: Even though flex and
rigid-flex PCB manufacturing is
3-4% of all PCB manufacturing,
the greater PCB arena sees flex and
rigid-flex as a potential growth area.
So, as things have become increasingly competi-
tive internationally, we’ve seen PCB fabricators
move to expand into the arena. The profit mar-
gins are higher precisely because the process is
technology and engineering intensive, which
adds operating costs. At PCi, we have proprie-
tary processes that we hold very dear—that we
are careful not to share with anyone.

BB: Yes, within the PCB manufacturing
process, there are about 20 things you have to
get right for our type of manufacturing. If you
don't get it completely right, you will have ran-
dom opens—the most common failure mecha-
nism in rigid-flex. We don’t drill the same way
or plate the same way as those building stan-
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PCi’s customers
can have a fully
approved UL
rigid-flex board
without the
additional time
and expense
required for UL
certification.
Our competitors
cannot say that.

dard technology PCBs. And if you, as a manu-
facturer, think it’s all the same, then I guarantee
you shouldn’t be doing it.

ML: Please tell us more about rigid-flex
technology, specifically.

KT: Let’s compare flex to rigid-flex. A poor
man'’s flex is a double-sided board with a stiff-
ener attached to it. It is relatively simple, and
we are now seeing lots of flex being built in
Asia. Rigid-flex, on another hand, allows for

much more complex multilayer
technology. And the rigid multi-
layer board part of the rigid-flex
construction acts as the stiff-
ener for the flex. You've got an
entirely different technological
ability.

ML: Throughout the past 35
years, what would you say are
some of the most significant
milestones PCi has achieved?

KT: Getting the mil/aero-
space arena to accept rigid-flex
PCB technology as viable tech-
nology was huge. Today, I can
say confidently that nearly ev-
ery single piece of manufac-

tured equipment in both the
military and aerospace sectors
contains many rigid-flex PCBs.

BB: And today, the medical sector has cer-
tainly seen the benefits of rigid-flex. Now, our
big challenge is getting the commercial sector to
see the benefits. We are educating customers all
over again. Really, we have never stopped.

KT: Another significant achievement of which
we are very proud is that today, we have the most
extensive UL 94 V-0 qualification in the world.
[UL94 V-0 certifies that the end-device will not
burn or sustain a flame]. That is a huge benefit.
PCi’s customers can have a fully approved UL
rigid-flex board without the additional time and
expense required for UL certification. Our com-
petitors cannot say that.
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CONVERSATIONS WITH...PRINTED CIRCUITS INC. continues

Figure 1a and 1b: Bookbinder rigid flex boards
provide maximum reliability on high layer counts
with tight bend radii.

BB: UL is an area where we have spent a lot
of time, energy and money. And we have been
trying to work with UL to educate customers
and manufacturers about common misinterpre-
tations of their qualifications, especially mis-
representations of meeting those qualifications
by companies within the industry. Sometimes
it’s not intentional. But there is a lot of confu-
sion and, we feel, a need for attention to these
issues.

ML: Bob, I know a little bit about your ef-
forts, and | know some of it is a little sensitive
to talk about. But can you possibly explain the
core issue in general terms?

BB: It's a complex issue. But what it really
comes down to is that many fabricators are
simply building boards with materials that are
UL-certified for 94 V-O. This, however, does not
necessarily represent a UL certification of the
board being manufactured. This being the case,
many of these finished boards are not meeting
the mandated product liability insurance re-
quirements by the end-customer. OEMs should
be very concerned. They are often receiving UL-
certified PCBs that have not been tested and ap-
proved by UL. The argument is out there that
there is an interpretation “grey area” in regard
to UL 94 V-O certification. We don’t agree, nor
does UL. It’s pretty black and white.

ML: That is interesting and potentially con-
troversial stuff, Bob. Unfortunately, cost is al-

ways a significant factor for companies when
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it comes to compliance and certifications. But
obviously, customers have a lot to lose if there
really is a compliance issue. I wish you luck in
your efforts...

Coming back to business, Ken, what tech-
nologies are most meaningful or important to
PCi right now, and into the future?

KT: We are seeing a lot of controlled im-
pedance and buried capacitance requirements
on rigid-flex product. We see this in over 30%
of our work now, which is a significant in-
crease when you consider that it was almost
non-existent some years back. And impedance
can be tricky. We have a tremendous amount
of experience in this regard, and we believe it
presents a significant opportunity for us going
forward.

We also build boards with buried capacitors
and resistors, and we’ve been told that increases
reliability significantly. We work with a compa-
ny who makes ALB [antilock brakes] product,
for instance. They feel that buried capacitance
gives them a measurable reliability performance
benefit. It is a big deal. This also presents oppor-
tunity for us. It's an up-and-coming technology,
but again, it’s an education process. Industry
technologists have to become comfortable with
it. There are thousands of applications that
could benefit from this technology.

ML: And this is one of my favorite ques-
tions—what do you find to be the biggest chal-
lenges doing business today?
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CONVERSATIONS WITH...PRINTED CIRCUITS INC. continues

KT: I'm glad you like this question. I have
a long answer: A significant concern I have is
finding qualified and talented people to work
in our industry. Believe it or not, when [ start-
ed out in PCBs, this was a glamorous business.
You’d talk about things you were doing for the
military and defense, and it was exciting. It used
to be that once you were part of this industry,
you didn’t leave until retirement. Now, I have
this feeling that many folks—at least the smart
and talented ones—are leaving, or trying to
leave the industry altogether. I think they feel
PCB manufacturing is on the downswing for
the future, and they are pursuing other things.
That’s a big concern of mine, and should be for
everyone with vested interest in our industry.

ML: | totally agree. A lot of our truly tal-
ented engineering minds are retired or retir-
ing, and our engineering prowess is what keeps
us in the game. I think we need people like you
to go to local community colleges and universi-
ties and see if you can excite some of the young
ones and bring them over. I'd support your ef-
forts, for sure! What else concerns you?

KT: The blind focus solely on cost. Of course,
customers want a lower cost, but it’s a trickle-
down issue. When cost is the primary deciding
factor, quality suffers. A lot of time and money
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for Teledyne for the Apache helicopter.
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Figure 2a and 2b: PCi’'s first rigid-flex, built in 1982

is lost in buying sub-par PCBs and the parts for
those boards—all decisions based purely on
cost. By the time the customer gets desperate
enough to buy from someone who will give
them the quality they needed in the first place,
there is no lead time left. It’s rush, rush, rush.
Multiple-week lead times can’t be compressed
to two days. It makes it challenging to be suc-
cessful with and for the customer.

ML: There really is something to the old ad-
age, “You get what you pay for.” I have a friend
who says, “Cheaper for a reason.” What else?

KT: Another big concern I have is regarding
chemical bans. I follow the activity on bans in
California and the Chemicals of Concern list of
3,000 chemicals, and I really wonder what the
fate of PCB manufacturing will be. Are we go-
ing to have to completely reinvent the wheel, if
that is even possible? We've all been mandated
to be lead-free for a while now, but the govern-
ment can’t completely get the lead out because
of tin whiskers and reliability concerns for mili-
tary and defense products. No one seems to
want to recognize that we are a chemical indus-
try. Everything we do is based on chemicals or
on materials with chemicals in them or used to
make them. The concern is that this this type of
thing will hobble the U.S. while other countries




CONVERSATIONS WITH...PRINTED CIRCUITS INC. continues

Figure 3a and 3b: Designers use rigid-flex in continuous
flex applications—they can provide hundreds of thousands

of bend cycles without failure.

won'’t have those concerns, or at least not until
it’s too late for us here. We already struggle with
that issue economically in regard to trade im-
balances. And once the business goes, it’s gone.
It really scares me.

And finally, the declining defense budget is
a concern for my business, specifically. Thus,
we hope to diversify into more work for the
commercial sector, and we will work to educate
that sector on the benefits and cost savings that
rigid-flex will provide them.

ML: All great and important issues. Thank
you. So, after all these years Ken, what makes
you proud to be involved in this industry? What
do you enjoy most about your work?

KT: The product application—our boards
go into the strongest defense mechanism in
the entire world. Our boards go into the most
cutting-edge medical technology. It makes me
proud to be part of this business, and proud to
be an American.

ML: What about growth going forward?

KT: In the past two years, we've spent $4-5
million on new equipment, just as most ev-
eryone else was pulling in their spending and
trying to get by. We continue to invest in the
best equipment, and we got some good deals

S

because we were willing to spend when others
would not. We will continue to do so.

As far as sales and revenue, we set the bar
really high in the last year. With the outlook for
the rest of 2012 and 2013, we will feel success-
ful if we can maintain the level we achieved last
year, with maybe some small growth.

ML: Is there a final message you would like
to leave with our readers? Some parting words
of wisdom?

KT: Yes. My message is to those who are
leaving the industry, or are thinking of doing
so. I want them to know that this industry can
still be exciting. And if you aren’t happy where
you are in this business, then I encourage you
to find the right company. But don’t leave. I fer-
vently believe there are a lot of exciting things
to come in technology and manufacturing.
Stick around and be a part of it. pcs

& Marcy McAllister LaRont has

y worked in the PCB industry for
"® more than twenty years, and has
¥ held positions in EH&S, purchas-
ing, production control, cus-
tomer service and sales. LaRont
resides in Hong Kong and may be reached at
marcy@iconnect007.com.
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News Highlights This Month

Mentor Graphics: All-Time Record

Revenues in Q2

“Revenues and earnings were an all-time record for
a second quarter, and bookings were at the second
highest level for any second quarter in company his-
tory,” said Walden C. Rhines, chairman and CEO.

Avoid Signal Integrity Problems

To help engineers avoid signal integrity problems
on their PCB designs, Signal Consulting Group has
launched a new software tool to validate IC vendors’
IBIS models.

Mentor Extends Support for 42

Embedded Development Boards

Mentor Graphics Corporation has added and im-
proved support for 42 embedded development
boards for the Nucleus RTOS, Mentor Embedded
Linux, and Sourcery Codebench embedded develop-
ment products. Expanded support for MIPS, SuperH,
and ARM-based architectures include the following
vendors: Atmel, Freescale, Logic PD, MIPS, Mistral,
Renesas, STMicroelectronics and Texas Instruments.

Zuken Launches Latest PCB/IC

Design Software

Zuken, a leader in PCB systems and IC package de-
sign, has released the newest version of CR-5000,
its advanced PCB and IC package design software.
CR-5000 version 14 sees a number of significant
productivity enhancements.

Cadence Posts YOY Revenue

Increase for Third Quarter

Cadence reported second quarter 2012 revenue of
$326 million, compared to revenue of $283 million
reported for the same period in 2011. Cadence rec-
ognized net income of $36 million compared to net
income of $27 million for the year-ago period.

Early Bird Rate Still Available for

Zuken Innovation World

Zuken Innovation World Americas will be held
October 15-17 in Newport Beach, California.
Attendees will find customers, partners, and plenty
of Zuken experts ready to share their knowledge and
experience.

Low-Cost Micron Copper

Ink for Electronic Use

Applied Nanotech Holdings, Inc. introduced a
new copper ink material based on micron copper
particles for low-cost direct printing of electronic
circuits for mobile devices, solar cells, display devices,
and more.

The new microcopper ink material joins Applied
Nanotech’s nanocopper ink, which won an R&D 100
award from R&D Magazine in 2010. The copper ink
is specially designed to replace expensive silver-based
conductors for rapidly developing applications in the
printed electronics industry. Microcopper ink has an
optimal combination of high conductivity and ease
of processing that allows for direct replacement
of silver inks and pastes at significantly lower cost.

“Microcopper inks fill a need for lower-cost
conductive materials used for applications such
as smart cards, RFID antennas, touchscreens and
sensors in smart phones, just to name a few,”
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said Dr. James Novak, Director of the Nanoelectronics
Division. “Furthermore, the microcopper ink retains
all key advantages of nanomaterial-based copper
ink, such as low-temperature sintering and ease of
application.”

Microcopper ink material is easily applied on
various substrates by a number of additive print
processes such as screen, flexographic and gravure
printing, as well as some advanced dispensing
techniques. This eliminates the cost and waste
stream compared to other approaches, including
lithography, used presently in the manufacturing of
printed electronics circuits such as PCBs, for example.
The microcopper ink can also be used as a patterned
seed layer for electroplating and metal finishing.

For more information, click here.

ilechnology of mind’over matte
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Wherever technology takes you
We deliver

VENTEC designs, develops, manufactures and sells high quality copper clad
laminates and pre preg bonding materials for the fabrication of a wide variety
of PCB applications.

We deliver consistently high quality products utilizing world class equipment
from Japan and Taiwan, in coordination with specifically designed plant layouts
and production flows.

But it's not all about the products. As well as providing flexible production
capacity and competitive cost manufacturing, our team is commited to
delivering the the very best service and support to our customers.

To learn more about how we can deliver for you, please visit our website.

ventec @

Ventec Europe Ventec USA Ventec International Group

www.ventec-europe.com www.ventec-usa.com www.venteclaminates.com
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POINT OF VIEW

Will “Old” PCB Technology
Save American Manufacturing?

by Steve Williams

SUMMARY: 3D printing is a hot topic right
now, especially with equipment prices dropping
and reports of this incredible technology entering
the consumer marketplace. With its origin in the
additive process of PCB manufacturing, will this
technology save American manufacturing?

Full Additive PCB Fabrication

Many of us pre-1980s technology, old-
school board guys remember actually running
the additive PCB process back in the day, well
before the subtractive process became the pre-
ferred methodology. The additive process was
quite simple and had far fewer process steps
than the complicated
travelers seen in today’s
PCB shops. There was
neither a need for cop-
per-clad raw laminate,
nor current selective
electroplating technol-
ogies. A negative image
was defined on a resin
substrate, and metal
was selectively added,
or built-up, to form the
circuitry and intercon-
nects.

Old is New Again

An article in the
business section of my
local newspaper caught
my eye the other day.
The piece focused on a
Pennsylvania company
called ExOne that was
in the 3D printing busi-
ness. My first thought
was 3D labels or PoP
(point-of-purchase) dis-
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plays, but what really grabbed my attention was
that this company was 3D printing large, stain-
less steel boat propellers! There has long been
talk of utilizing this technology for PCB manu-
facturing, but it has never seemed to get out of
the science-project phase.

If you walk into any sheet metal fabrica-
tion, machining, or die cast operation, you
will be immersed in the raw environment of
the trade: clanging machines, ground-shaking
punch press thumping, grinding metal, and
weld spark fireworks. You will also be treated
to the earthy smell of oil, grease, molten met-
al, and let’s not forget sweat, created by hard,
physical labor. Contrast
that to the atmosphere
in a 3D printing opera-
tion, which could easily
be compared to a quiet,
unrushed office environ-
ment.

America as an LCC

What a concept:
America as a low-cost
country! The biggest

driver of low-cost coun-
tries is labor cost; and,
a 3D operation requires
only a few talented em-
ployees to run dozens of
machines and hundreds
of products. The equip-
ment runs virtually on
autopilot; a single person
can manage a shop full
of machines, literally,
with the most important
task being to keep each
machine fully stocked
with raw material.
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WILL “OLD” PCB TECHNOLOGY SAVE AMERICAN MANUFACTURING? continues

3D printing is definitely a low-cost business
model, needing only several employees and
dozens of machines to match the production
of traditional manufacturing operations em-
ploying hundred, if not thousands, of manag-
ers, engineers, operators and staff. 3D printing
has been in limited use since the ‘80s in a va-
riety of industries, but not in any widespread
production environment. The demand for this
technology is there; according to Terry Wohlers,
president of the consulting firm Wohlers Asso-
ciates, part production made up nearly a quar-
ter of the $1.7 billion in sales of the 3D printing
industry, and he is projecting this to rise to 80%
of the industry’s forecasted $6.9 billion in rev-
enue by 2019.

The Process

The machines are very similar in look and
operation to document printers, and run auto-
matically. A single operator can design the pro-
gram for new parts, load and unload the ma-
chines, and occasionally add the raw material
powder that feeds the machines. Using a metal
part as an example, a computer-aided design,
programmed into multiple cross-sections, is en-
tered into the machine’s computer telling the
printer precisely how to shape the part.

A roller puts down a layer of gray metal
powder. A cartridge then quietly glides across
the surface, much like an old dot matrix print
head, depositing a chemical to bind together
certain chemical particles, and forms multiple

Figure 1: 3D printed metal gear.
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images of the part. It looks like a rough sketch
of the part, but it’s actually a 1/4000-inch layer
of it. The completed layer drops down and a
new gray layer of powder is applied. 3D print-
ers have evolved to make a variety of objects
using a laser or extruder that travel along an
X, Y and Z path to build-up an object in three
dimensions, layer by layer, sometimes only
microns thick at a time, which can result in
hundreds or thousands of layers to make a fin-
ished part. Other 3D printers follow different
processes, depending on the material. For ex-
ample, many plastic parts are formed by squirt-
ing successive layers of melted plastic through
a precision nozzle.

Think of the Possibilities

Self-Sustaining Equipment

The ability to generate replacement parts
before they are needed. 3D printing is truly a
lean process, since exactly the amount of raw
material is being consumed that is required.
There is no waste!

Bioprinting

Researchers at Wake Forest University devel-
oped this technology for U.S. troops serving in
Afghanistan, which uses 3D technology to print
new skin directly onto a burn wound. Within
an hour, a precise topographical 3D image of a
burn victim’s wound is scanned, and then the
3D printer prints new layers of cells directly
onto the wound using the
patient’s actual skin as the
raw material. As far-fetched
as it sounds, this technology
could lead to the holy grail
of medical science: the pro-
duction of organs and body
parts.

Transportation

What if a large ocean
liner, train, or airplane had
a 3D printer on board that
could make replacement
parts on the spot and avoid
breakdowns, or more impor-
tantly, catastrophes? A vehi-



WILL “OLD” PCB TECHNOLOGY SAVE AMERICAN MANUFACTURING? continues

cle’s computers may one day contain a database
of 3D CAD images of every part from nuts to
bolts to engine parts. If any of these should fail,
a 3D printer could be able to manufacture im-
mediate, OEM specification replacement parts
on the spot.

Cloud Manufacturing

3D printing would allow the ultimate vir-
tual manufacturing scenario: By investing in
a single machine and a small amount of raw
material, one could become a manufacturer of
a diverse portfolio of products virtually (pun
intended) overnight. With very little capital
expense, one could receive CAD data electroni-
cally in the morning, 3D print almost any form
of prototype parts overnight, and ship the order
the next day.

Reshoring?

This minimalist factory exemplifies the lat-
est chapter of the industrial revolution, one that
could make U.S. manufacturing more competi-

tive globally and bring more jobs back to the
United States (reshoring). Will this technology
really save American manufacturing? I don’t
know, but creative and industrious Americans
have always been the hallmark of our nation,
and I would put our inventiveness and entre-
preneurial spirit up against any country in the
world. These are the traits that revolutions are
built on, and the time may be quickly approach-
ing for a new industrial revolution. pcB
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Overcoming Challenges in Laminate Development

by Real Time with...IPC APEX EXPO 2012

John Coonrod, market development
engineer for Rogers Corporation,
discusses his company’s newest
development in high-speed, high-fre-
quency laminates. This new material
is also halogen-free and compat-

ible with lead-free soldering. John
explains the many challenges that
had to be met to bring this material (>
to the marketplace.
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stevenage Circults
Discusses Flex

PCB Trends, Issues
and Developments

by Richard Ayes
I-CONNECTO007

SUMMARY: A dedicated flex, flex-rigid, rigid and
RF PCB/antenna manufacturer catering to the de-
fense, medical implantable, aerospace, security, and
communications and sensing markets, Stevenage
Circuits Ltd celebrates 40 years in business this year.

Established in 1972 by John Brown and based
in Stevenage, UK, Stevenage Circuits Ltd (SCL) is
one of the most advanced and best equipped inde-
pendent PCB manufacturers in Europe. Celebrat-
ing its 40™ anniversary this year, the company is
the former Stevenage Circuits Group, which has
another facility—RF products manufacturer Tru-
lon. The two companies merged as part of a major
and innovative restructuring plan in the fourth

quarter of 2010 to form what is now SCL.

SCL is a dedicated flex, flex-rigid, rigid and
RF PCB/antenna manufacturer catering to the
defense, medical implantable, aerospace, secu-
rity, and communications and sensing markets.
It touts comprehensive in-process handling capa-
bility, which ranges from 25um to 12 mm thick
core materials, and has the largest material and
substrate portfolio of any single facility in Europe,
including ceramic loaded substrates, crystal poly-
mers, RF materials and specialist clad laminates.

Robert Brown, SCL’'s managing director, was
approximately seven years old when his father,
John, started SCL. Brown recalls that he and his
three brothers—who are directors at the compa-
ny, were in the factory making boards on Satur-
day mornings while their friends were still in bed.

“Dad instilled a strong work ethic in me and
by brothers. Today, such a practice wouldn’t be al-
lowed; but we and the company, without doubt,
benefited from the experience,” said Brown. “Our
core employee base has been with us for many
years; we grew up knowing them and then work-
ing alongside their own children and family who
joined the company. Having successive genera-
tions of families has provided the company with
a very quick transfer of knowledge and skill. This
knowledge base is essential, particularly as high-
end PCB production is an important differentia-
tor from other producers in lower-end markets.
Dad had a passion to make SCL one of the most
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Robert Brown,
Stevenage Circuits’
managing director.

John Brown,
original founder of
Stevenage Circuits.

advanced fabricators in Europe. He would be
proud to see that this passion still remains and
continues within our company and workforce.”

In an interview with I-ConnectO07, Brown
explains how the company’s business is shaping
up after the restructuring, and the latest trends
in the markets they are covering, and how these
trends are affecting their flex and flex-rigid PCB
manufacturing. The following is an excerpt of
that interview.

How was business last year and how is it
shaping up this year?

Since our merger and integration of the two
manufacturing sites into the existing Stevenage
facility, including a major internal reorganisation

and capex investment for clean rooms, copper-
fill plating lines and further laser imaging equip-
ment, we have been getting back on track since
October 2011. This has been qualified by our
current SC21 performance figures and highly
positive client feedback. We are currently work-
ing towards achieving our Bronze Award status
this October.

How much does your flexible PCB and rig-
id-flex PCB segment account for your total PCB
production, and what are some of the major
drivers for its growth?

In 2011, flex-rigid accounted for about 40% of
our turnover, but it is really dependent on which
of our clients’ programs are dominant within
the measured period. We have major programs
covering all three segments—rigid, flex-rigid
and RF—and more recently, increased enquiries
for sculptured flex. We note an increased demand
for smaller, lighter products that feature con-
trolled impedance and high-reliability intercon-
nectivity.

Which industries will drive the growth for the
flexible PCB industry this year and the next?

The packaging, aerospace and defence, sen-
sors, and the medical electronics industries will
drive the flex PCB industry.

September 2012 ¢ The PCB Magazine 67




STEVENAGE CIRCUITS continues

What are some of the top trends in the mar-
kets you serve, and how do these trends affect
your product development and manufacturing?

We have seen three emerging trends: ultra-
fine features and fewer layers for the packaging,
medical and sensing markets; high-layer HDI
with copper-filled microvias for the defence,
aerospace, and communications sectors; and
even more advanced demands for signal integrity
and low moisture absorption using thermoplastic
flexible materials such as LCP.

Smaller and lighter designs are driving ultra-
fine features. These types of products necessitate
the use of ultrathin copper foils and wet-resist
coating technologies in conjunction with laser
direct imaging, which brings qualified benefits
for both the resolution of fine features and au-
to-scaling of the image to register the individual
panels. The challenges presented when using
25pm substrates on high-frequency and multi-
functional materials are considerable and height-
ened further when allied to embedded compo-
nent technologies.

SCL has been and continues to be involved
with technology development programs for
products and technologies requiring ultrafine
teatures. These involve mainly our corporate cli-
ents on both EU-funded and private programs,
and this is across all sectors.

How has the flex/rigid-flex segment changed
over the past three to five years?

There are fewer dedicated flex and flex-rigid
PCB manufacturers now within Western Europe,
but a greater number of rigid manufacturers are
selling a flex-rigid capability—buyers beware.

What key technology issues are you seeing in
flex development and manufacturing?

We are seeing a lot of business as a result of
other manufacturers’ failures. The failure mecha-
nisms are mainly due to poor material handling
and processing, and the inability of many fabrica-
tors to produce fine features consistently—imag-
ing, plating and etching. Also we see that microvia
copper filling is a growing technology that only a
few manufactures like SCL have in-house; subcon-

68 The PCB Magazine ® September 2012

tracting this process appears to be causing many
manufacturers major issues around quality control.
In recognition of this increased demand, we have
just installed a new plating line with an additional
10 copper-fill plating cells that will enable us to
triple our current capacity. We are also searching
for applications where we can deploy our proven
stretchable circuit manufacturing capability.

What are companies doing or what should
they do to address these issues?

It is all about continuous investment in
equipment and staff training. Flex-rigid PCB pro-
duction is fundamentally different from rigid
PCB processing; unless you have dedicated thin-
core handling, jigging and BB test equipment,
fabricators will always experience quality issues
and clients will continue to be let down. For in-
stance, a single hair or fiber trapped underneath
a flex coverlay will scrap circuits—failing the IPC
Class 3 release. Therefore, we lay up our flex and
flex-rigid multilayers within a Class 10,000 clean
room. Also worth mentioning is that the major-
ity of our shop floor staff are trained PCB techni-
cians—and to IPC standards by in-house certified
trainers—who, therefore, understand the whole
manufacturing process from start to finish.

What about the developments in raw mate-
rials such as laminates?

Demand for multifunctional laminates is
on the increase for mixed-signal PCB designs—
again, this technology also reduces the size and
weight of many products. In addition, we have
also seen an increase in designs using multiple
25pm substrates within a single construction and
LCP multilayer/buried via and microvia technol-
ogy, which involves high-temperature fusion
bonding techniques.

Overall, how do you see flex segment growth
this year and the next?

The flex industry has consistently shown
the highest growth rate since 2008, so I guess
it will continue to do so. We are anticipating
an additional 10% growth for the forthcoming
12-month period. pcs
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Most-Read Mil/Aero007

News Highlights This Month

IPC Launches Educational ITAR and

Printed Boards Campaign

“IPC’s educational campaign seeks to clarify the
importance of applying ITAR controls to printed
boards given that each printed board is specifically
designed for the larger defense item of which it is
a part,” says IPC CEO John Mitchell. “We view this
effort as a pivotal private-sector government part-
nership on an important policy issue that ultimately
bolsters national security.”

Electronic Interconnect Now Offers
PowerlLink PLPCB

Electronic Interconnect (EI) announces the availabil-
ity of Powerlink PLPCB constructions for electronic
assemblies where thermal management/heat dissi-
pation capabilities are desired.

Hughes Circuits Earns AS9100

Revision C Certification

Hughes Circuits, Inc. (HCI) has successfully com-
pleted the recertification audit for the AS9100C,
Quality Management Systems—Requirements for
Aviation, Space, and Defense Organizations. The
scope of this recertification includes HCl’s PCB lay-
out, fabrication, and assembly services.

Graphic PLC Wins SC21 Bronze Award
Specialist PCB manufacturer Graphic PLC has re-
ceived the prestigious SC21 Bronze Award at
an event hosted by ADS at the Farnborough Air
Show July 12, 2012. The Supply Chain 21st Cen-
tury (SC21) is a nationally recognised change pro-
gramme designed to accelerate the competitive-
ness of the aerospace and defence industry by rais-
ing supply-chain performance.

Career Renews Mil-P-50884E

Qualification

Career Technologies-USA has renewed its Depart-
ment of Defense Performance Specification MIL-P-
50884E, Amendment 3, for type-4 flexible circuits.
“We are strongly committed to serving the United
States military market. Renewing our qualification
to MIL-P-50884 confirms that commitment,” said
Career Tech-USA’s President, Armen Hayrapetian.
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Teknoflex Achieves AS9100 Rev C Approval
After more than three years of operation under the
AS9100 Rev B standard, Teknoflex achieved the on-
ward transition to AS9100 Rev C in Q1 of 2012. Cer-
tification was granted by BSI after Teknoflex success-
fully passed the stringent audit requirements and a
rigorous evaluation of its design, engineering, manu-
facturing, and assembly processes.

Mass Design Adds Farmer to

Business Development Team

David R. Farmer has joined Mass Design, Inc. as a
sales and new business development representative.
He will focus on the Mass Design’s medical, defense,
and aerospace markets.

Deloitte: Global Aerospace & Defense
Industry Sluggish in 2011

According to a recent report by Deloitte, the finan-
cial performance of the global aerospace and de-
fense (A&D) industry generally fell in 2011. Despite
the uncertainty in the defense sector, the report
found that the global A&D industry as a whole grew
in 2011 to $681 billion, posting a sluggish revenue
gain of 2.3%, compared to 2.5% in 2010.

Market of Launchers for UAS & Targets

to Hit $1.3B by 2018

The 2012 study has 325 pages and 101 tables and
figures. Worldwide markets are poised to achieve sig-
nificant growth as the launchers for unmanned aerial
systems provide a way to automate surveillance of
wide areas and implement strategic military missions
that strike at terrorists without injuring civilians.

Satellite Operators Continue to See Growth
“The Ku-band market will continue to be the main
growth engine for the commercial satellite market
for the coming ten years,” noted Patrick M. French,
NSR Senior Analyst and the report’s author. “The
direct-to-home (DTH) TV market alone could add
US $1.4 billion in net new revenues by 2021, out
of US $4.3 billion expected in total for the Ku-band
segment. Solid Ku-band revenue gains are also ex-
pected from the video distribution, enterprise data,
commercial mobility and gov/mil verticals.”
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TROUBLE IN YOUR TANK

Interconnect Defect (ICD):
Getting to the Root Cause

by Mike Carano
OMG ELECTRONIC CHEMICALS

SUMMARY: Interconnect defect (ICD), a.k.a.
innerplane separation, is one of the most difficult
technical problems to troubleshoot in PCB fabrica-
tion. This month, Trouble in Your Tank presents an
actual case history and analysis of the problem.

Introduction

Circuit board fabricators and end-users are
always concerned about innerplane separation,
or innerconnect defect, which is a separation
of the electroless copper deposit from the in-
nerlayer copper face. Of course, there are other
types of separation that can be encountered. It

Figure 1: Typical ICD or innerplane separation.
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is well known that the electrolytic copper may
separate from the electroless copper, but the
electroless copper remains on the interconnect,
referred to as type 2 ICD. Type 1 references
the electroless copper separating from the in-
nerconnect post or innerplane. There is a third
type in which the electroless copper deposit
actually separates from itself. This is more like
a cohesive failure within the deposit. Type 3 is
very difficult to detect and requires excellent
microsectioning and polishing techniques to
properly detect and trouble shoot.

Shown in Figure 1 is an example of an ICD.

Certainly, an ICD is not confined to just the
interplane. Blind vias can also exhibit a separa-
tion of the plated copper from the capture pad.
This will be investigated in a future column of
Trouble in Your Tank.

First, what can one expect from this type of
defect? What does it look like under the micro-
scope?

Well, one can expect that innerconnect de-
fect (IP separation or ICD) generally exhibits
these underlying characteristics: [1]

1. Occurs during the stress of thermal
shocks such as soldering. This produces
expansion in the Z-axis and places strain
on the copper in the hole wall.

2. Most often seen on the first innerlayer
from either side of the board. (i.e., in a
12-layer board, the defect is seen on
layers 2 and 11)

. The weakest bond breaks first.

. Under-cured boards are most susceptible.

. Affected by board construction, PWBs
with more resin, less copper, lower T

. g
materials, tend to show more
expansion in the Z-axis.

6. ICDs are often accompanied by hole
wall pull away, but not always.

(G2 OS]
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Figure 2: ICD type 1—electro-
less copper separates from the
post, confirmed with etch.

Understand that innerplane separation has
many causes. This is what makes this defect so
difficult to pinpoint and eliminate. And to con-
fuse the issue further, one must first determine
which of the three types of IP separation it is.

Now, before we dive into this case study
where you can test your troubleshooting
diagnostic skills, we need to get a close look, in
general terms, at what type 2 and type 3 ICD
look like.

Case Study

So it begins. The fabricator believes there
are some issues with ICDs but he is not certain.
No other diagnostic tests were performed as the
boards in question (other than having solder
float coupons) did not have any IST coupons
that could be tested.

Figure 5: Note not only the ICD, but the
torn-out glass fiber bundles as well.
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Figure 3: ICD type 2—electro-
lytic copper separates from the
electroless copper.

Figure 4: ICD type 3—cohesive
failure of the electroless copper
deposit.

The boards in question were approximately
230-mil thick panel, 20-mil holes, %2 oz inner-
layers.

An example of the microsection is shown
below in Figure 5.

Full scale counts: 6425 Csor: 1021 ey

11 Counts
8000 -
Si
6000 -
104 SuA
M
2000 Ti Ca
UU\JLJi Ti Cu cy
o MULA =
T | 1 I 1
0 2 4 6 8 10

keV

15kv  X1,800 23/FEB/M0

10pum

Figure 6: Actual section (bottom) and EDAX
scan (top).
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15kV  X2,500 23/FEB/10

10um

Figure 7: Another look at the separation-EDAX
scan again shows a high level of silicon and alu-
minum in the defect area.

What does the troubleshooter conclude
from this, other than an innerplane separation?

Well, to begin with, one needs to perform
additional analysis. The glass bundle issue raises
some concern. Let’s look further.

The analysis focused on the gap or open area
in the section above. The EDAX analysis gives a
higher than normal level of silicon and alumi-
num. This is drill debris that has been embed-
ded into the epoxy resin. Again, the clue was
the glass fiber bundle issue noted on the cross
section.

In Figure 7, there is evidence of nail
heading. Again, this is further evidence that
the defect in this case is related to the drilling
operation.

Finally one more piece of evidence to con-
sider. Look at the cross sections below:

Since the drilling operation generates
significant heat as it is, it is not uncommon for
drill debris to become embedded in the resin.

Summary

In this case, the cause of the ICD was clearly
unrelated to the plating or desmear operation.
Drilling problems as shown by the evidence
here lead to the team optimizing the drilling
parameters, including feeds and speeds, SFM,
and being more vigilant with respect to drill-bit
quality. pcB

<)
P

15kV X800
ATTRTRETEINER I

20pm

15kV X270  50pm 14/JAN/09

Figure 8: Top shows severe plowing of the
copper innerlayer (note copper folded over on
itself) and bottom shows embedded glass fibers
and drill debris.
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1. IPC PE-740 Process Effects Guide.
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Filling Through-holes and
Blind Microvias with Copper
by Reverse Pulse Plating

by Mike Palazzola, ATOTECH USA;
Nina Dambrowsky, Christof Erben,
Stephen Kenny, and Bernd Roelfs,
ATOTECH DEUTSCHLAND GMBH

EDITOR’S NOTE: This article was originally
published in the Proceedings of IPC APEX EXPO,
San Diego, California, February 28-March 1, 2012.

Abstract

This paper presents systematic investiga-
tions on complete through-hole filling for cores
by a Cu electroplating process as an alternative
to the common paste-plugging process. This
electroplating process consists of two steps,
a first process to merge both centers of the
through-hole walls (X-plating) followed by fill-
ing up the resulting blind microvias. Processes
and manufacturing technology are described as
well as current limitations and requirements.
Complete filling of through-holes is achieved
by reverse pulse plating (RPP). This through-
hole filling technology is targeting both at HDI
production and also at the packaging level.

Through-hole filling by RPP offers a viable al-
ternative to the standard paste plugging for core
processing in substrate manufacturing. Current
core manufacturing requires a paste plugging
process for through-holes so that subsequent
build-up layers can be produced by sequential
lamination, and the flat core surface is essential
for stacked via and also via-in-pad technology.

This paste plugging process requires addi-
tional process steps, each of which brings its
own limitations and contributes to the overall
cost. Filling the core through-vias by electro-
plating can eliminate the plugging process and
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significantly reduces the number of overall pro-
cess steps which will also reduce costs. More-
over, it offers certain advantages such as poten-
tially higher reliability in accelerated aging tests
and an improved thermal management as the
thermal conductivity of a completely copper-
filled through-via is significantly higher than a
paste-plugged through-via.

Today’s challenges in the so-called through-
hole filling process are represented by through-
holes with a high aspect ratio. Voids after X-
plating occur easily for smaller through-hole di-
ameter and higher board thickness. In addition,
depending on designs, different pitches on one
board increase the difficulty to achieve an ac-
ceptable plating uniformity. This paper presents
systemic variations of some key parameters and
concentrates on the performances of the second
plating step, the blind microvias filling. The
main focus is laid on recess distribution. Pa-
rameters as reverse pulse parameters, inorganic
concentrations (Cu, Fe, and sulfuric acid), or-
ganic concentrations, electrolyte flow and tem-
perature have been systematically varied and
their influence on the filling performance are
described.



Introduction

Through-hole filling by RPP offers a viable
alternative to the standard paste plugging for
core processing in substrate manufacturing.
Current core manufacturing requires a paste
plugging after Cu galvanization for through-
holes so that subsequent build-up layers can be
produced by sequential lamination, and the flat
core surface is essential for stacked via and also
via-in-pad technology.

Instead of plating only a conformal Cu bar-
rel into the through-via, it is now possible to
completely fill it with Cu and thus eliminate
the need for the plugging process, reducing sig-
nificantly the number of overall process steps
and costs. Moreover, it offers certain advantages
such as potentially higher reliability in acceler-
ated aging tests and an improved thermal man-
agement as the thermal conductivity of a com-
pletely copper-filled through-via is significantly
higher than a paste plugged through-via.

Today’s challenges in the so-called through-
hole filling process are represented by through-
holes with a high aspect ratio. Voids after X-
plating occur easily for smaller through-hole di-
ameter and higher board thickness. In addition,
depending on designs, different pitches on one
board increase the difficulty to achieve an ac-
ceptable plating uniformity. To understand the
limitations of the process we are aiming at an
identification of the key parameters. As there
are two steps in the through-via filling process,
we divided our experimental work accordingly.
The first section presents an overview over the
process itself (Figure 1), the second section con-

centrates on the formation of the X (merging
through-via walls) and the third section deals
with electrochemical filling of the resulting
blind vias. Most of the tests have been con-
ducted in a single board cell (volume 4001), i.e.,
each plating cell is handling exactly one 18”
x 24" sample board. Different test panels have
been used and are described within the experi-
ment itself. All panels have been electroplated
in the so-called panel plating mode, i.e., there
were no dry film patterns on the board during
plating. This panel plate technology is being
used in standard production processes by ap-
plying the resist and the conductor pattern in a
subsequent step.

General Description of Through-Via Filling

Table 1 describes the process flow of the
electrochemical through-via filling technology.

Electrochemical Cu Through-via Filling

1. Drilling

2. Seed Layer Deposition ( E’less Cu 0.2-0.5 um)

3. Galvanic Reinforcement (2-5 um Cu)

4. Galvanic Cu Filling
-X-Plating ( 5-10 ym)
-Via filling (10-15 pm)

5. Dry Film Application and Subsequent Structuring

Table 1: Process steps characterizing the EC
Cu throughe-via fill technology.

Figure 1: Plating steps to a complete fill of a through-via with Cu, starting from a conformal plated
layer. The second plating step is the formation of the X, resulting in two blind vias on both sides, which
are then completely filled.
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The EC plating process described in Figure
1 shows the two main plating processes of step
4 above.

As an alternative electrochemical route, one
could consider a slow, conformal growth of
copper on the side walls to a complete fill. That
process has several disadvantages such as being
slow (less productivity) and having a higher risk
for voids (see Figure 2).

Moreover, this conformal technique would
require too much Cu on the surface (approxi-
mately %2 hole diameter), whereas the above
mentioned X-formation offers the possibility
to significantly reduce the Cu overburden. That
is achieved by applying a combination of RPP
and etching in one electrolyte. The electrolyte
contains not only Cu, but also Fe2+ and Fe3+.
Cu is deposited as usual on the cathode (panel)
whereas the Fe2+ ions are used to carry the cur-
rent at the dimensionally stable anodes (DSA)
and prevent oxidation of organic additives. The
oxidation product Fe3+ is being used to dissolve
the consumed copper chemically in a second
compartment filled with pure Cu balls/clip-
pings and reduced again to Fe2+. But the Fe3+
cannot be used only to replenish Cu, but also to
lower the amount of the Cu deposition on the
panel surface.

Cu* +2e—> Cu
2 Fe3* 4+ 2e —> 2 Fe**

E=0,340 mVvs. SHE (I)
E=0,771 mV ()

Reaction (II) is electrochemically favored
against (I) and thus the amount of Fe3+ reduces
and determines the amount of deposited Cu.
A control unit between plating and dissolving
tank regulates the exchange between both com-
partments and can control the amount of Fe3+
within +0.1 g/1, which is a prerequisite for a good
process control as can be seen later in this report.
The exchange of electrolyte is much stronger on
the surface than in a via, so that this effect is
mainly observed on a surface and not in vias—
especially not in a blind vias.

With this technology we were able to re-
duce the amount of Cu overburden for a 100
pm thick core from 50 pm down to 13 pm (Fig-
ure 3).

This reduction was a prerequisite for a pro-
duction scenario since the Cu thickness deter-
mines in the end the achievable lines and spac-
es in the circuitization process of approximately
2 x Cu overburden: i.e., 13 pym —> 26 ym 1/s.

Nevertheless, the main core thickness for IC
substrates is >100 pm. Most of today’s products
show cores of 400 pym thickness or more. These
cores are extremely difficult to fill without void
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Figure 2: Conformal Cu growth to
a complete fill may end up produc-
ing a long, ribbon-like void.
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Figure 3: Development of through-via filling technology:
reduction of Cu overburden for a 100 um thick core.
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NEW CHALLENGES FOR HIGHER ASPECT RATIO continues

formation and require a long plating time. So it
was the aim of this work to expand the technol-
ogy to such cores by determining main param-
eters and improve each step of the process.

Experimental

We are using several RPP parameters in the
following chapters and would like to explain
notation.

Example: 5/40 80/2 —>

5 = Forward or cathodic current density (ASD)

40 = Reverse or anodic current density (ASD)

80 = Cathodic plating time (ms)

2 = Cathodic plating time (ms)

So 5/40 80/2 is an 80ms cathodic pulse with 5 ASD
followed by a 2ms anodic pulse of 40 ASD

X- Plating

As there are a huge number of parameters,
we started a first series of experiment in a small
lab tool to determine which of the following
parameters might have a significant influence.
We used a small 20 L test cell, 400 pm thick
core panels with 100 pm hole through-holes
and varied in several small DOEs of three pa-
rameters. We found that the parameters in italic
showed a significant influence determined by
statistical software tools and set up further ex-
periments in a production tool on 400 pm pan-
els with through-hole of 100 pym diameter.

e Current density and pulse parameters
e Fe** concentration

¢ Temperature

e Cu concentration

¢ Cl- concentration

e Electrolyte agitation

e Fe?* concentration

e Sulfuric acid concentration

¢ Brightener (accelerator) and leveller
(inhibitor) concentration (commercially
available inpulse electrolytes)

The nature and type of additive has a big in-
fluence on the plating performance, but in this
specific case, chosen ratio of brightener and lev-
eller does not have a significant influence. We
also investigated the influence of the panel de-
sign on the X-formation, as it turns out that iso-
lated and clustered through-holes (small pitch,
many neighboring through-holes) may show
different results as depicted in Figure 4.

Parameters for this experiment at 40°C were:

e Cu: 25 g/l

e H2504: 200 g/1

® Fe2+:15.0 g/l

e Fe3+:0.5-1.0 g/l
e CI: 100 mg/1

e RPP: 1.5/40 - 80/4

Commercially available additives were used
according to data sheet. The differently located
through-holes required different plating times
to form the bridge in the middle. So the mini-
mum time to form the X is always determined
by the clustered through-holes.

Figure 4: Difference between isolated and clustered through-holes. Left: isolated, right-clustered TH
with 200 pm pitch, middle through-holes at the edge of such a cluster.
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Electrolyte Flow

The difference between these clustered and
isolated THs could be minimized by increasing
the electrolyte flow onto the panel. The flow
direction was 90°C (rectangular) to the surface.
Doubling the flow rate resulted in a homoge-
nous X-formation with little difference. The ef-
fect of Fe3+ is even stronger as can be seen from
Figure S. Here, we varied the Fe3+ concentra-
tion only from 0.5 g/l up to 1.0 g/1. The other
electrolytic parameters were, Cu: 50 g/ sulfuric
acid. The result is that with a higher ferric con-
centration a much slower X- formation is ob-
served. Both experiments have been conducted
under identical parameters. The consequence
of this result is that the control of ferric ions
is extremely important for handling the pro-
cess. Therefore, we installed the control unit
between the plating and the dissolving tank so
that the ferric ion concentration can be con-
trolled within + 0.1 g/1.

The effect of Cu concentration on the
X-formation is different to the usual blind via
filling: In contrast to the latter process a lower
Cu concentration turned out to be beneficial.
The influence is significant both for the X-for-
mation and for the distribution of the X be-
tween the isolated and clustered TH. An addi-
tional test run with 18 and 32 g/1 Cu on very
thick panels (3.2 mm with 0.3 mm hole diam-
eter) confirmed the result. With these panels it
is not possible yet to achieve through-via filling
but we did not aim at a complete X-formation
since differences between experiments can bet-
ter be evaluated before the X is finally formed.
We stopped plating after a certain time period
(55 min.) and measured the thickness in the
middle of the hole compared to the surface.

With the 18 g/l we increased the Cu thickness
in the middle of the hole by a factor of 1.9.
The same effect had the increase of tempera-
ture from 20 to 40°C.
Summarizing our findings for the opti-
mization of X-formation results in following
proposals:

e Use strong reverse pulse. A 5/50 80/4 for
15 min leads to closure of the X-
formation on 400 pm cores with 100 pm
diameter

e Use lower Cu concentrations of 25 g/1
for regular distribution

¢ Use higher CI- concentration 90 instead
of 60 mg/1

¢ Use a strong electrolyte flow to minimize
differences between clustered and
isolated TH

e Use low ferric concentrations (0.5 g/1)

¢ Above mentioned parameters were used
to plate a 400 pm/100 pm core as
depicted in Figure 6. Additional
parameters were 240 g/1 sulfuric acid and
5 g/l Fe2+ added as ferrous sulfate

Figure 6: 400 pm thick core with 100 ym TH
plated within 15 minutes. Right detail showing

9 um plated Cu on the surface while >50 pm Cu
plated in the middle of the via.

Figure 5: Effect of ferric ions on the X-formation. Top 1.0 g/l and bottom 0.5 g/I ferric, left isolated
and right clustered through-vias.
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Blind Via Filling

Most of the following experiments have
been performed with boards having three dif-
ferent blind microvias with a depth of 40 ym
and width of 75, 100, and 125 pm. These sam-
ple boards have been chosen because of their
well-defined and reproducible via structures.
Information gathered on these boards was
then applied on through-vias to achieve the
best possible result. All tests have been conduct-
ed with an inpulse electrolyte system (Cu/Fe)
with the same commercially available additive
system.

The following parameters have been inves-
tigated:

¢ Reverse and forward pulse time
and current

¢ Temperature

e Electrolyte flow

¢ Fe3+ concentration

The Cu concentration has not been investi-
gated in this series due to the fact that its effect
is already well known: A high Cu concentration
is beneficial for via filling.

Reverse and forward current: The 5/40 80/2
parameter set has been chosen as a start point.
The electrolyte was set up with 50 g/l Cu, 150
g/l sulfuric acid, 63 mg/l HCl with inpulse
brightener (accelerator) and leveller (inhibitor)
and plated at 45°C

Increasing the reverse time has a significant
effect on the filling performance, as it changes
from a deposit with a recess of a few pm into
one with a convex dome on top of the via. As
expected, the smaller vias are easier to fill than
the larger ones. Shortening the cathodic pulse
while keeping the anodic pulse constant, leads
to a similar result. This effect is in line with the
explanation that via filling is mainly achieved
by a changing ratio of accelerating and inhibit-
ing additives in a via and surface. As described
elsewhere [3], the Cu accelerating agents are
depleted during a reverse cycle mainly on the
surface, but not in a via. There, a net accumula-
tion, and thus, acceleration is observed. Net ac-
cumulation of accelerator in a via compared to
the surface can be achieved either by intensify-
ing the depletion rate from the surface (stronger
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anodic pulse) or by increasing the frequency of
the anodic pulse.

Best results are achieved with lower forward
current densities as it is expected. From via fill-
ing experiments in pure DC mode it is well
known that lower current density usually leads
to a better filling performance. This effect is also
seen under reverse pulse conditions.

Electrolyte Agitation

The influence of electrolyte agitation on the
filling performance has been investigated by us-
ing frequency controlled pumps that feed the
spray bars. The electrolyte is pumped through
nozzles directly onto the board (90° angle). We
used the same electrolyte set up as before. The
frequency is then changed during the plating
procedure, as it turned out that this procedure
gave the best performance. At first, a thin pro-
tecting Cu layer with moderate pulse parameters
is deposited and then followed by the modifica-
tion of the electrolyte agitation. The higher the
pump frequency, the higher the agitation rate.
At the end of the cycle again a moderate pulse
layer is plated to achieve a smooth surface.

In general, one can observe with lower agi-
tation rates a better via filling performance.
With increasing pump frequency, significant
dimples are observed so that the best results are
achieved with low agitation rates.

Temperature Effects

Since the dimple performance is depend-
ing on the adsorption/desorption ratio between
accelerator and inhibitor, one would expect a
certain influence of the temperature. Therefore,
we varied the temperature over a range from 25-
50°C under the same electrolyte setup as before
and used the best pump frequency program. As
it turns out, there is an optimum temperature
of about 35°C, but the influence of this parame-
ter is not as strong as both aforementioned ones
(pulse and agitation).

The panel surface is also affected. The surface
becomes rough below 35°C and very smooth
above 40°C, so that depending on requirements
a compromise has to be found between good
via filling and surface appearance.

The Fe3+ influence: It can be expected from
equation (I) and (II) that the overall yield for the
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Figure 8: Plated Cu thickness (columns) and dimple (red line) as a function of Fe3+ concentration for

75 um x 40 ym blind microvias.

copper deposition is strongly affected by Fe3+.
Figure 7 depicts this very strong dependency.
This current yield is measured by weight differ-
ence against the theoretically possible Cu mass
of 100%. A lower current yield than 100% usu-
ally needs to be counterbalanced by additional
plating time. This is not necessarily the case for
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the via filling application since the amount of
plated Cu on the surface is not equivalent to
the amount in a via. The relevant parameter is
the dimple, not the amount of plated Cu on the
surface. Hence, the amount of plated Cu can
vary with the Fe3+ concentration to achieve
the best performance. The experiments shown
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in the graph 13 were conducted with aforemen-
tioned electrolyte, pulse and pump parameters
at 45 °C.

As it turns out, dimples are lowest for lower
ferric concentrations. Contrary to this is again
the surface appearance of the boards. The sur-
face becomes smoother with increasing ferric
concentrations. Again a compromise between
dimple performance and surface appearance
has to be found.

Summarizing the optimization experiments
to fill blind vias leads to the following results:

e Apply CD of about 3-4 ASD cathodic and
apply stronger reverse parameters to
decrease the dimple (on cost of surface
roughness): best compromise 3-4/40 80/4
via filling is achieved within 24 minutes

e Decrease electrolyte agitation for a
smaller dimple

e Apply low Fe3+ concentrations,
depending on required surface roughness

e Work at 35-40°C to achieve best dimple

Summary and outlook

Aim of the above presented optimization
experiments was to identify the best possible
parameter sets and combine it for through-vias
thicker than 100 pm, especially for 400 pm
thick cores. For some parameters a compromise
between dimple and surface roughness had to
be chosen.

This test series showed that for a successful
fill of thicker core as 400 pym, a split into dif-
ferent electrolyte types is necessary with very
different parameter sets.

Parameter X-formation Via fill

Pulse parameter Strong reverse Strong reverse
Overall current  3-4 ASD 3-4 ASD
density

Temperature 40°C 35-40°C

Cu % Low 20-30 g/I High > 40 g/I
Ee’s Very low 0.5g/1 > 1.5 g/l
Electrolyte Strong Low

agitation

Time Approx 15 min.  40-60 min.

Table 2: Process parameters for both TH fill steps.
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Figure 9: Filled vias: 150 and 200 pm cores that
have been plated with 22 resp. 23 ym Cu to
achieve less than 10 resp. 5 uym dimple.

At this moment we can successfully plate
and fill through-vias for core with thickness of
300 pm or less within one hour and without
occurrence of voids. Some examples are given
in Figure 9.

On the other hand, 400 pm cores show
some voids still. These voids are usually small
(10 pm or less, see Figure 10).



NEW CHALLENGES FOR HIGHER ASPECT RATIO continues

Investigations on the effect of these voids
are under way and further planned. Especially,
reliability measurements will be performed,
which should show whether the voids will lead
to cracks or stay inside the via as they seem to be
perfectly encapsulated. Whether this technol-
ogy can be expanded over 400 pm cores is still
unclear. There is a great potential for complete-
ly filled Cu vias as thermal vias since the ther-
mal conductivity of Cu is several magnitudes
higher at every paste. But the greatest hurdle
for this application is the use of very thick pan-
els (>1mm) which require huge amounts of Cu,
and thus long process times. pcB
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Most-Read Supplier/New Product

News Highlights This Month

Enthone Appoints Rick Reagan President
Cookson Performance Materials, a division of London-
based Cookson Group plc, announced the appoint-
ment of Rick Reagan as president of Enthone, Inc. Rea-
gan will lead the high-performance specialty chemicals
company’s global organization that operates in more
than 40 countries and includes 10 manufacturing fa-
cilities and nine technical centers strategically located
worldwide.

Nelco to Close China Facility

Park Electrochemical Corporation announced that its
Nelco Technology (Zhuhai FTZ) Ltd. facility, located in
the Free Trade Zone in Zhuhai, China, plans to com-
mence procedures required to cease its operations and
liquidate, subject to the requisite approvals of govern-
ment authorities in China.

Orbotech’s PCB Equipment Sales Up in Q2

In the company’s Production Solutions for Electron-
ics Industry segment, sales of equipment to the PCB
industry were $48.6 million in the second quarter of
2012, compared to $48.5 million in the first quarter of
2012 and $58.7 million in the second quarter of 2011;
sales of equipment to the FPD industry were $12.3
million in the second quarter of 2012, compared to
$11.8 million in the first quarter of 2012, and $56.7
million in the second quarter of 2011.

ITW Takes Licence to Integrate

PragmatiC’s Tech

PragmatIC Printing Ltd. and ITW Foils and Thermal
Films Group, a part of Illinois Tool Works Inc., have
announced a licensing agreement enabling ITW to de-
velop and sell novel printed electronics solutions incor-
porating PragmatlIC’s unique technology.

Burkle Achieves Positive TH;

Poised to Hit Sales Target

The first six months of 2012 have been positive for
the machine manufacturer specialized in presses and
coating lines. Robert Birkle GmbH, with headquarters
in Freudenstadt, Germany, will reach the planned sales
target of 94 million euros by the end of the year.

Orbotech Receives Multiple Orders

for LDI Systems

Orbotech, Ltd. announced the receipt of multiple
orders from leading touch screen manufacturers in
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Asia Pacific, including Taiwan, China and Korea, for
its Orbotech LDI™ 150 laser direct imaging system.
Orbotech’s LDI systems are used to enable the mass
production of One Glass Solution (OGS) sensors on
routed cover glass, a cutting-edge touch screen appli-
cation that is lighter, thinner, less expensive and more
reliable than existing (multilayer) glass-based touch
SENsors.

Streamline Circuits Invests in

Frontline’s InSight PCB Software

Greg Halvorson, president of Streamline Circuits, said,
“As time and technology experts in today’s fast-paced
PCB industry, new tools like InSight PCB help us to
make our process even faster, more efficient and pre-
cise. By automating the data review process, we can
sharpen the accuracy and competitiveness of our bids
while also reducing the iterations between our front-
end staff, OEM engineers and sales team.”

Taiyo Hires Scott McLeod as

Technical Service Engineer

According to Don Monn, Eastern region sales manag-
er at Taiyo America, “Scott brings years of PCB manu-
facturing expertise, as well as extensive solder mask
application and troubleshooting experience. Scott is
well versed in Taiyo’s product line and processing re-
quirements. He becomes an immediate asset to our
U.S. technical service team.”

Rogers’ Printed Circuit Materials Q2

Sales Down to $40.5M

Rogers Corporation today announced second quarter
2012 net sales of $126.7 million and income from con-
tinuing operations of $0.38 per diluted share, which
includes net one-time charges of $0.09 per diluted
share associated primarily with the ceasing of opera-
tions in its leased facility in Bremen, Germany.

Maskless Lithography Sells

D.l. Line to APCT

APCT President Steve Robinson said, “The company
has poured millions of dollars into personnel and
equipment including our first Maskless Lithography
digital imaging system. Our engineering team has
worked side by side with the OEM to further devel-
op the technology. These months of diligence have
proven invaluable to both APCT and the Maskless en-
gineering group.”
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Association Connecting Electronics Industries

SAVE THE DATE'

Upcoming IPC Professional Development Events

October 3

ITAR/EAR Compliance for PCB Manufacturers Workshop —
Complying with U.S. Export Controls
Irvine, CA

October 24-25

IPC HDI Conference: Advancements in Materials, Processes and Applications
Sponsored by Raytheon
Los Angeles, CA

October 30-31

It’s Not Easy Being Green: Electronics and the Environment
San Francisco, CA

November 7-9

IPC Medical Industries Technical Conference: Lead-Free Reliability Readiness
Sponsored by Philips Healthcare
Boston, MA

November 13-15

IPC-SMTA High-Reliability Cleaning and Conformal Coating Conference
Chicago, IL

December 4-5

IPC Symposium on Lean for the Electronics Assembly Industry:
Putting Theory to Practice
Costa Mesa, CA

December 4-6

National Conference on Electronics Design, Assembly and Reliability

Bangalore, India
More Information

Questions? Contact Susan Filz at +1 847-597-2884
www.ipc.org/events
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A Time-Dependent Analysis of Heat Transfer
in a PCB During a Thermal Excursion

by ). Lee Parker
JLP CONSULTANTS

EDITOR’S NOTE: This paper was originally
presented at IPC APEX EXPO in February 2012 in
San Diego.

SUMMARY: This study goes beyond the equi-
librium condition to explore the temperature-time
distribution of a PCB when a variable temperature
heat source is applied to both outer surfaces.

A great deal of work already has been done
to determine the equilibrium temperature of a
PCB when exposed to a heat source such as the
thermal environment of reflow soldering. This
study will go beyond an equilibrium condition
and explore the temperature-time distribution
of the board when a variable temperature heat
source is applied to both outer surfaces. For
simplicity, the model will be a two-sided board.
Obviously, the model board has two material
interfaces. An interesting observation is that
anywhere within the board, including the ma-
terial interface, thermal energy must be con-
served. There is not a similar requirement for
the temperature. Consequently, at the material
interfaces, we can expect the thermal properties
of the board to change in a profound manner.
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A similar situation occurs when a fluid passes
through a shock wave. This will be reflected in
such board properties as the thermal stresses
in the various layers and the resulting warp.
This phenomenon also explains and quantifies
why a thermal shock can be devastating, while
a slow temperature rise to the same endpoint
may well be tolerated.

The analysis will use a one-dimensional,
time-dependent model (i.e., there are two in-
dependent variables). This necessitates a partial
differential equation to describe the tempera-
ture variation within the board. The bound-
ary conditions are the outer temperature of the
board, which is the temperature of the heat
source on both outer surfaces. The third bound-
ary condition is at the copper epoxy interface
where conservation of thermal energy is re-
quired.

Introduction

Techniques for measuring the surface tem-
perature of a PCB have been available for some
time. Measurements for assessing the temper-
ature at various positions in the laminate are
at least problematic. Inserting thermal couple
wires well into a thin laminate will more than
often distort the temperature as they now be-
come a part of the thermal mass of the system—



the so called Helmholtz effect (to some extent
the tool used to measure any physical quantity
will disturb the measurement). In this case, the
thermocouple wire will conduct heat locally,
away from the laminate, cooling that area of
the package. The larger the thermocouple, the
greater the issue. In situations of this nature,
it often is best to use analytical models to es-
timate the value of the desired measurement
(i.e., the internal temperature history of a PCB
as it goes through a heat excursion. If the tem-
perature history distribution in the PCB pack-
age can then be estimated, the internal shear
stress can be quantified. Once this is accom-
plished, the likelihood of forming an internal
delamination can be established. Developing
such a procedure and using it to determine the
internal laminate history as the PCB is exposed
to a temperature ramp, such as in reflow, is the
objective of this analysis.

Analysis

To simplify the analysis, the investigative
package will be a symmetrical, double-sided
PCB. The copper thickness is defined to be 1.7
mils. The thickness of the internal laminate is
60 mils and composed of FR-4, (Figure 1). The
PCB will be exposed to several temperature
ramps, all ending at 600°F.

It will be assumed that the board has been
preheated to a uniformed temperature of 3000°F
before the temperature ramp.

According to first principals, heat conduc-
tion through a solid is governed by Fourier’s law
of heat conduction. The assumption is made

\LQ

Copper

FR-4

[ a

Figure 1: The symmetrical double-sided PCB for
investigation features a copper thickness of 1.7
mils and an internal laminate thickness of 60 mils,
and is composed of FR-4 laminate.

that the heat flow is one-dimensional. Conse-
quently, there are two independent variables:
time and position. For one-dimensional, time-
dependent heat transfer, Fourier Law becomes

Equation 1:

oT _ , 0*T

ot 0x2

A unique solution requires three boundary
conditions:

e At t=0, T=3,000°F for the entire board

e At x=0, T is specified by the ramp
temperature

¢ Along the axis of symmetry of the board,

aT _ 0
ox
Unfortunately, since the second geometric
derivative of temperature appears in (1), the
first derivate must be continuous. Conservation
of energy requires a consistent heat-flow rate
across the interface of copper and FR-4. Since
the thermal properties of the material change
at the interface, conservation of energy requires
a discontinuous adjustment in the temperature
gradient. To avoid the issue we will introduce
the following transformation':

Equation 2:

Making B the new geometric variable.

After  making  the transformation,

Equation 1 becomes:

Equation 3:

or 1 o°T

ERES

A closed-form solution exists for Equation
1 modified by the above transformation, but it
involves several infinite series, which defy ex-
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ANALYSIS OF HEAT TRANSFER IN A PCB DURING A THERMAL EXCURSION continues

traction. A better course of action is to use a
numerical solution. For the finite difference ap-
proximation to Equation 3, the time derivative
will be replaced by a forward difference and the
geometric derivative by a centered difference.
The result is:

Equation 4:

1 T, =2T" + T F1y A/
k> A

It is shown in Reference 1 that a numerical

solution for Equation 4 will converge provided:

Tn+l Tn (

i

k .
< E(Aﬁ)?‘

Results

A numerical integration of Equations 4 and
5 will now be examined for temperature ramps
of 2, 4, and 6 degrees Fahrenheit/second. Ini-
tially, the board is at a uniform temperature
of 3,000°F. The temperature ramp is complet-
ed when the surface temperature of the cop-
per reaches 600°F. The temperature ramps are
shown in Figure 2.

The integration of Figures 3 and 4 also de-
fines the temperature within the board as it

passes along the temperature ramp. Figure 3
shows the board’s temperature profile when the
surface of the board first reaches 600°F.

As seen, the temperature gradient is large in
the outer portion of the board. Then, beyond
the copper/FR-4 interface, the gradient rapidly
approaches zero. This is caused by the favorable
heat transfer properties of copper and the ad-
verse heat transfer properties of FR-4. As seen
later, this abrupt behavior causes large shear
stresses to form at the interface, which can re-
sult in copper delamination.

In order to estimate the shear stress, it is first
necessary to calculate the difference in the tem-
peratures of the copper and the substrate. For
this purpose, the characteristic temperature of
the PCB component is defined as the average
temperature of each component. The result is
presented in Figure 4, which shows the tem-
perature difference as a function of temperature
ramp. The temperature differential is obviously
nonlinear. The rate of change in the tempera-
ture differential rapidly changes as the temper-
ature ramp increases. It then becomes nearly
constant at the high end.

In Reference 2, it is shown that the shear
stress at the interface is:

Equation 6:

E Ji0 1
- == A —ay AT
" LE.t +E i

cu cu

Copper Surface Temperature

Temperature, F
&
=}

Temperature Ramp ‘

=@—Six deg/sec

—+—Four deg/sec |

=—de=Two deg/sec |

60 80 100 120 140 160
Time, sec

Figure 2: Copper surface temperature.

Temperature Profile @
Surface Equalibrium

T-ernperature Ramp :

—4=—Six deg/sec
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Vertical Position, mils

Figure 3: Temperature profile at surface
equilibrium.
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ANALYSIS OF HEAT TRANSFER IN A PCB DURING A THERMAL EXCURSION continues

Where o is the coef-
ficient of thermal expan-
sion, L is the characteristic
length of the copper fea-
ture and AT is the tempera-
ture differential. The shear
stress is presented as a func-
tion of the copper feature
size and ramp rate in Figure
5. It will be noticed that the
shear stress increases rap-
idly as the feature size di-
minishes. In fact, one can
expect to experience shear
stresses in excess of 30K psi
for present day PCBs.

Summary

The analysis above has
developed a technique for
numerically integrating
the one-dimensional, time-
dependent Fourier heat
conduction equation for a
PCB which is stressed by a
heating ramp. This in turn
will quantify the relation-
ship between the process
and design parameters and
the stresses incurred dur-
ing a thermal excursion.
The analysis shows there
are substantial temperature
gradients at the interface of
the copper and FR-4 com-
ponents. It is furthermore
shown that these tempera-
ture gradients can produce
very substantial shear stress

at the copper/FR-4 interface. This stress is
inversely proportional to the size of the
copper feature and directly proportional to
the gradient of the heating ramp. pcB
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Figure 4: Average temperature difference between copper and laminate.
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Dr. Lee Parker retired from Lucent
Bell Laboratories as a Distinguished
Member of the technical staff after a

L | 27-year career. He has more than 30
years experience in the electronics

- industry and is now an industry con-
sultant He was a joint recipient of the Best Techni-
cal Paper Award at the 1996 IPC Expo and is a past
chairman of the IPC Flexible PC Design Guide Sub-




APEX CONFERENCE & EXHIBITION

- - February 19-21, 2013
Po San Diego Convention Center
IPC

IPC APEX EXPO is "THE SHOW" ... to attend valuable courses and see
new equipment that will help you and your company see new possibilities,
improve your efficiencies and cut costs. Keep your competitive edge.

Mario Dion
Manufacturing Engineer Specialist
Trilliant Networks

.| INFORMATION that |[°&
«-INSPIREsiNNDVAT oN

i

Join thousands of your colleagues from more than 50 countries and
more than 400 exhibitors at IPC APEX EXPO 2013 in beautiful San Diego.
Learn about new technologies and processes, see new products, work on industry

standards, network with industry experts and participate in the world’s premier S

technical conference for electronics manufacturing. Register today! Find solutions E. E \
that will help you save time and money and gain a competitive advantage. %
www.IPCAPEXEXPO.org

Scan for your chance to win
a three-night hotel stay or an
All-Access registration.

design | printed boards | electronics assembly | test
and printed electronics


http://www.iconnect007.com/magtracker/?mag=pcb1209&page=95&link=http://www.ipcapexexpo.org
http://www.iconnect007.com/magtracker/?mag=pcb1209&page=95&link=http://www.ipcapexexpo.org

VIOSTER €EaC INEWSIIIgIIIgNTLS
IromizGbOU7atinsgviontn

IPC Launches Educational
ITAR and Printed Boards
Campaign

“IPC’s educational campaign seeks to clarify the
importance of applying ITAR controls to printed
boards given that each printed board is specifical-
ly designed for the larger defense item of which it
is a part,” says Mitchell. “We view this effort as a
pivotal private-sector government partnership on
an important policy issue that ultimately bolsters
national security.”

I-Connect007 Introduces
thePCBlist™

[-Connect007’s Andy Shaughnessy joins Patty
Goldman, project manager for 1-Connect007’s
newest addition to the PCB industry: thePCB-
list™. Goldman, a PCB industry veteran, explains
the scope of this newly-launched, comprehensive
directory for PCB buyers, and why it far surpasses
anything the industry has seen previously.
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Viasystems’ Q2 PCB Sales Up
12% to $240.4 Million

Net sales and operating income in the company’s
PCB segment for the second quarter of 2012 were
$240.4 million and $15.1 million, respectively,
compared with PCB sales and operating income of
$215.2 million and $12.4 million, respectively, for
the second quarter of 2011 and compared with
PCB net sales and operating income of $213.1 mil-
lion and $7.0 million, respectively, for the quarter
ended March 31, 2012.

IPC, JPCA Release Operational-
Level Standard for PE Industry

To help designers and companies create reliable
products using printed electronics technologies,
IPC/JPCA-4921, Requirements for Printed Electron-
ics Base Materials (Substrates), defines terms and
establishes basic requirements for five material cat-
egories of substrates used today in printed elec-
tronics: Ceramic, organic, metal, glass, and other.
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NCAB Group Expands;
Acquires P. D. Circuits

“I'm extremely happy for this next major step in
NCAB's development. NCAB Group and P. D. Cir-
cuits have the same business concept and custom-
er-driven organization and perhaps, most impor-
tantly, we have the same way of thinking regard-
ing quality, the fundament of all PCB production,”
said Hans Stahl, CEO at NCAB Group.

Wiirth Elektronik Closes
Pforzheim Facility

Alternative job offers in other business units of the
Wirth Elektronik Group at different locations were
made to the 29 employees. Business operations,
refinement of printed circuit boards by polymer
print will be relocated to other business units and
corporate divisions within the Wurth Elektronik
GmbH & Co. KG.

Weak Demand, Higher
Labor Costs Show in
TTM’s Q2 Results

“Second-quarter revenue was within our expected
range as sales increased following the normal sea-
sonality we experienced in the first quarter. How-
ever, weaker than expected demand for advanced
technology PCBs as well as higher labor costs in
Asia impacted margins and earnings during the
quarter,” said Kent Alder, president and CEO.

IPC: PCB Shipments,
Bookings Down Year-on-Year

Rigid PCB shipments were down 7.3% in June
2012, and bookings decreased 2.0%. Year to date,
rigid PCB shipments decreased 5.4%, but book-
ings increased 2.1%. Rigid PCB shipments were
up 11.6% and rigid bookings gained 11.8%. The
book-to-bill ratio for the N.A. rigid PCB industry in
June 2012 continued to slip, but remained above
parity at 1.01.

Royal Circuits Invests in
Maskless Lithography System

Milan Shah, president and owner of Royal Circuits
Solutions, one of the industry’s fastest growing
PCB fabricators, has announced the acquisition
of a Maskless Lithography direct imaging system.
The new unit allows the company to provide their
customers with the most accurate imaging on the
market today. The new system, built in San Jose,
California, provides superior side-to-side registra-
tion; scaling for flexible alignment on tight toler-
ance boards; excellent trace and space quality;
and, lines below 3 mils.

GSPK Circuits Invests in
Multilayer Technology

GSPK Circuits has purchased two Burkle bonding
presses and a cooling press recently to augment
its already thriving multi-layer production pro-
cess. This additional multilayer bonding capacity
provides GSPK with the facility to process up to
384 multilayer panels daily. The cycle time is op-
timized, which in turn, generates high-production
throughput, reducing lead-times.
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e IPC Complete Calendar of Events

e SMTA Calendar of Events

e iNEMI Calendar

e PCB007 Online Events

J-STD-001E: “Requirement for Soldered
Electrical and Electronic Assemblies”’
September 10-14, 2012

Hakko's Facility, Valencia, California, USA

PCIM South America
September 11-13, 2012
Sao Paulo, Brazil

West Penn Expo and Tech Forum
September 13, 2012
Monroeville, Pennsylvania, USA

EIPC Summer Conference
September 13-14, 2012
Milan, Italy

The ECOC Exhibition
September 16-20, 2012
Amsterdam, The Netherlands

Advancement in Thermal
Management 2012
September 18-19, 2012
Denver, Colorado, USA

Manufacturing in Guadalajara 2012
September 18-20, 2012

Fiesta American Grande, Guadalajara, Jalisco,
Mexico

IPC Workshop: Design for Manufacture
September 19-20, 2012
Fredericksburg, Virginia, USA

MEDevice Forum San Diego

September 19-20, 2012

San Diego Convention Center, San Diego, Cali-
fornia, USA
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Northeast Shingo Prize Conference
September 25-26, 2012
Worcester, Massachusetts, USA

Modern Day Marine
September 25-27, 2012
MCB, Quantico, Virginia, USA

MEPTEC/SMTA Medical Electronics

Symposium
September 26-27, 2012

Arizona State University, Tempe, Arizona, USA

Austin (CTEA) Expo and Tech Forum
September 26, 2012
Austin, Texas, USA

Printed Electronics Asia
October 2-3, 2012
Tokyo, Japan

DMS Osaka
October 3-5, 2012
Intex Osaka, Japan

21ST ANNUAL INTERNATIONAL
ELECTRONICS FORUM

October 3-5, 2012

Marriott Hotel, Bratislava, Slovakia

NEPCON Vietnam 2012

October 4 -6, 2012

Saigon Exhibition & Convention Center (SECC),
Ho Chi Minh City, Vietnam

Plastic Electronics Conference 2012
October 9-11, 2012
Dresden, Germany
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