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New IPC President
John Mitchell has 

been hired to head up 
IPC, replacing Den-
ny McGuirk who left 
the IPC last fall to run 
SEMI. After a six-month 
search, the IPC Board 
has settled on an out-
sider, skipping over sev-
eral IPC veterans. Although I would 
have liked for IPC to pick one of our own to 
lead the organization, I’m sure the board had 
solid reasoning for the direction it took. 

In any case, Mitchell comes to the IPC with 
some good credentials with stints at GE Aero-
space, Alpine Electronics, and Bose Corpora-
tion. I’m sure he’ll do a good job for us. I don’t 
think he’ll have the decade of challenges that 
Denny had to work through, but it should be 
interesting nonetheless. I look forward to work-
ing with him. Read more about Mitchell’s ap-
pointment here. 

Naka on China
Whenever I get an e-mail from Dr. Hayao 

Nakahara (Naka), he’s either telling me that 
what I’ve written is “bullshit nonsense” or he’s 
sharing insights from his latest adventure in 
China. In late March, he dropped me a note 
with some comments about his travels in China 

(which was a relief). As usual, 
he digs into the details as 
he visits PCB factories. His 
insights are priceless. We 
titled his latest piece To Un-
derstand China, You Have to 
Visit China. Here’s a quote 
from the report: “The direct 

SummAry: it’s been a busy last few weeks in 
the industry and in this month’s column editor 
ray rasmussen takes a look at the big stories and 
events that caught his attention.

Viasystems Buys DDi Corporation
Viasystems is on the move, again. After a de-

cade-long hiatus when the company went from 
financial roll-up artist in the 1990s to corporate 
villain, as their intense consolidation strategy 
came unglued with the dotcom bust in 2001 
and the global shift of manufacturing to China, 
the company seems to be getting back on track. 
In the past year, they’ve bought Merix and now 
DDi Corporation, building what would seem to 
be a challenger to TTM’s dominance in military 
PCBs serving the U.S. market. 

Is Viasystems reinitiating their plans baked 
back in the ‘90s to become the dominant indus-
try player? If so, we should see a major Asian ac-
quisition soon. From the press announcement, 
Viasystems stated, “The transaction allows 
Viasystems, already a leading market player in 
the automotive segment, to increase its market 
share in the technically-demanding military 
and aerospace market and the growing industri-
al and instrumentation market while broaden-
ing its customer base.” You can read more about 
the acquisition here.

by Ray Rasmussen
I-ConneCT007 

THE Way I SEE IT   

Bits and Pieces—
Viasystems, IPC Pres., 
Nakahara, DDi & Mitt Romney

ColuMn
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labor cost of PCB manufacturing used to be 4%. 
Today, it’s about 8% of the ‘selling’ price, but 
11% of the ‘manufacturing cost.’ China’s gov-
ernment makes it mandatory to increase pay by 
at least 13% each year. At this rate, the wages 
will double in four to five years if my math is 
correct.”

For anyone interested in what’s going on in 
China, take a few minutes to read Naka’s e-mail. 
Naka is an industry gem and I hope he never 
retires. Who’s going to fill his shoes? 

Bob Neves and Hamed 
El-abd Discuss China

With a similar theme—
the rising costs of doing busi-
ness in China—IPC’s newest 
board member and CTO of 
Microtek Labs, Bob Neves, 
talks with Hamed El-Abd, 
WKK distribution president, 
about their experiences and observations living 
and working in this dynamic and very impor-
tant market. Watch this very interesting discus-
sion here.

DDi, Bain Capital, and Mitt Romney
It was interesting reading about our indus-

try in the national press in January when DDi 
Corporation’s relationship to Bain Capital took 
center stage in a contentious battle between  
two candidates from the Republican Party.  
Newt Gingrich was attacking Mitt Romney’s 
record as a job creator claiming Romney to be 
more of a corporate opportunist and destroy-

er of companies and jobs when he ran Bain  
Capital back in the 1990s.

FactCheck.Org took a look at the Bain/DDi 
relationship in response to a video published  
by Gingrich’s Super PAC. It calls out the  
inaccuracies in the video, but, for the purpos-
es of this column, it gives us a look into the  
background behind the relationship between 
Bain Capital and DDi. In Bain’s case, timing  
is everything. The company made a bundle 
taking DDi public and then selling most of  
its shares within a few years. Not many saw  
the dotcom bust coming, which ultimately 
pushed DDi into bankruptcy, leaving Bain  
unscathed.

Bob Willis’ New Book
PiHR, or pin-in-hole re-

flow, is not a new technol-
ogy, but Willis compiles 
his many years of expe-
rience into the pages of 
this free e-book with a 
few tricks for the expert 
and a great overview of 
the technology for the 
novice. To download 
your free copy, visit the 
PiHR Technology website.

SMT Magazine’s april Issue on Military
I have to mention the April issue of SMT 

Magazine, which features a series of articles fo-
cused on military and aerospace applications. 
As with The PCB Magazine, SMT Magazine seems 
to improve with every issue, but this one stood 
out for me. The content is over the top! If you 
haven’t seen it, visit the site and check it out.

Well, that’s all the bit and pieces I have for 
this month. As always, I look forward to your 
comments or suggestions.  SMT

The way i See iT  

BITS aND PIECES continues

ray rasmussen is the Publisher and 
Chief editor for I-Connect007 Publi-
cations. He has worked in the indus-
try since 1978 and is the former Pub-
lisher and Chief editor of CircuiTree 
Magazine. Please send questions or 
comments to rasmussen here.
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Reliability of a lead-fRee SyStem: 
Grid array Solder Joint Reliability, 
Part VI

by Dr. Jennie S. Hwang, ceo
h-TechnologieS group

SMT PERSPECTIVES aND PROSPECTS

SummAry: dr. hwang continues her explora-
tion of the SAc solder system this month. now that 
mechanical and physical properties have been ad-
dressed, she moves on to review the scientific fun-
damentals behind the solder’s properties and over-
all performance.

Last month’s column outlined the correla-
tion of general mechanical properties and phys-
ical properties (specifically melting temperature 
and liquidus temperature) to the Ag dosage and 
Cu dosage, respectively, in the SAC solder sys-
tem. What is the scientific basis behind this cor-
relation as exhibited by the test results? Better 
yet, how do the scientific fundamentals antici-
pate the solder’s properties and performance? 
The information below outlines the key points 

of the underlying principles and operating phe-
nomena.

In a SnAgCu system, metallurgical reactions 
between Sn and the minor elements, Ag and Cu, 
are the primary resources in determining the 
application temperature and the mechanism 
of solidification, thus microstructure, which, in 
turn, controls mechanical properties. The met-
allurgical reactions referred herein may or may 
not be an alloying mechanism.

There are three probable binary eutectic re-
actions among the three components of Sn, Ag, 
and Cu. A reaction between Ag and Sn forms a 
eutectic structure of Sn-matrix phase and e in-
termetallic compound phase (Ag3Sn) at 221°C. 
Cu reacts with Sn to form a eutectic structure of 
Sn-matrix phase and h intermetallic compound 
phase (Cu6Sn5) at 227°C. Ag can also react with 
Cu to form a eutectic structure of Ag-rich a 
phase and Cu-rich a phase at 779°C. 

However, no phase transformation at 779°C 
was detected in the solidification thermal mea-
surement for the SnAgCu ternary composi-
tions as studied (H-Technologies Group Inter-
nal Research Report, 1998). This indicates that 
it is less likely for Ag and Cu to directly react 
in the ternary composition range as discussed 
herein. Instead, it is more thermodynamically 
favorable and kinetically feasible for Ag or Cu 
to react with Sn to form Ag3Sn or Cu6Sn5 in-
termetallic compounds. Therefore, the SnAgCu 
ternary reaction is expected to consist of Sn-
matrix phase, e intermetallic compound phase 
(Ag3Sn), and h intermetallic compound phase 
(Cu6Sn5).

The relatively hard Ag3Sn and Cu6Sn5 par-
ticles in the Sn-matrix of SnAgCu ternary alloys 
can effectively strengthen the alloy through 
building a long-range internal stress. These 
hard particles can also serve as the most effec-
tive blocks for fatigue crack propagation. The 

ColuMn

http://www.iconnect007.com/emag/pub/SMT-Apr2012/?page=12


http://smtonline.com/magtracker/?mag=smt1205&page=13&link=http://www.totalpartsplus.com
mailto:sales@totalpartsplus.com
http://smtonline.com/magtracker/?mag=smt1205&page=13&link=http://www.totalpartsplus.com


14    SMT Magazine • May 2012

formation of Ag3Sn and Cu6Sn5 particles can 
partition finer Sn-matrix grains. The finer the 
Ag3Sn and Cu6Sn5 particles are, the more effec-
tively they partition Sn-matrix grains, result-
ing in the overall finer microstructure. This, in 
turn, facilitates grain boundary gliding mecha-
nisms which accounts for the extended fatigue 
lifetime under elevated temperatures when the 
grain boundary gliding is a dominating mecha-
nism barring the presence of other extraneous 
failure mechanisms.

The correlation of the mechanical properties 
to Ag content and Cu content, respectively is  
summarized as follows: When Ag is around 3.0 
to 3.1%, both yield strength and tensile strength 
increase almost linearly with Cu contents up 
to approximately 1.5% Cu. Beyond 1.5% Cu, 
the yield strength decreases with any further 
increase in Cu, but alloy tensile strength remains 
steady. Overall the alloy plasticity is high for 
the compositions having the Cu in the range 
of 0.5 to 1.5% and then decreases with further 
increase in Cu. With respect to Ag content (at a 
range of 0.5 to 1.7% Cu), both yield and tensile 
strength  increase almost linearly with Ag up to 
4.1%; but the plasticity decreases with Ag. 

At the Ag content around 3.0 to 3.1%, the 
fatigue life reaches the maximum at the Cu con-
tent of 1.5%. It is also found that an increase in 
Ag content from 3.0% to a higher level (up to 
4.7%) does not offer any enhancement in me-
chanical properties. When both Cu and Ag are 
in higher dosages, the plasticity suffers. These 
test results support the underlying principles as 
outlined above.

Since Ag at 3.5 to 4.0% and Cu at 0.4 to 
1.0 constitute the near-eutectic composition, it 
should be noted that the lowest melting tem-
perature that can be achieved in SnAgCu sys-
tem, 217 to 219°C, fall in this range of composi-
tions.

At the extreme case of the lower Ag compo-
sitions, that is when Ag reaches zero, the SAC 
becomes SnCu system having a eutectic compo-
sition of 99.3Sn0.7Cu with a melting tempera-
ture of 227°C. In parallel, SAC becomes SnAg 
system with a eutectic of 96.5Sn3.5Ag at melt-
ing temperature of 221°C. Their relative proper-
ties in comparison with SAC are summarized as 
below.

SaC Versus 96.5Sn3.5ag
When compared with the long-established 

96.5Sn3.5Ag alloy, the SAC compositions 
(within the specified ranges) perform bet-
ter in strength and fatigue life. However, on 
plasticity, the compositions containing both 
higher Ag and Cu exhibit lower plasticity than 
96.5Sn3.5Ag.

SaC Versus 99.3Sn0.7Cu
The SnAgCu compositions (within the spec-

ified ranges) with Ag at more than 0% and Cu at 
0.5 to 1.5% also offer the better performance in 
strength and fatigue, but lower plasticity than 
99.3Sn0.7Cu.  SMT

SMT perSpecTiveS and proSpecTS

dr. hwang, a pioneer and 
long-standing contributor to 
SMT manufacturing since its 
inception as well as to the lead-
free development, has helped 
improve production yield and 
solved challenging reliability is-
sues. among her many awards 

and honors, she has been inducted into the 
WIT International Hall of fame, elected to the 
national academy of engineering and named 
an r&d Stars to watch. having held senior 
executive positions with lockheed Martin 
corporation, Sherwin williams co., ScM cor-
poration and IeM Corporation, she is currently 
Ceo of H-Technologies group providing 
business, technology and manufacturing solu-
tions. She is a member of the u.S. commerce 
department’s export council, and serves on 
the board of Fortune 500 nySe companies 
and civic and university boards. She is the 
author of 300+ publications and several text-
books and an international speaker and au-
thor on trade, business, education and social 
issues. Contact her at (216) 577-3284; e-mail 
JennieHwang@aol.com.
 
dr. hwang will present two lectures, “lead-
free Performance and reliability: Current and 
Future” and “array package interconnection: 
forward/Backward Compatibility and reliabili-
ty,” at the SMT/hybrid/packaging internation-
al Conference and exhibition in nuremberg, 
germany, May 8, 2012.

RELIaBILITy OF a LEaD-FREE SySTEM, PaRT VI continues

mailto:JennieHwang@aol.com
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by Michael Smith
Teradyne, inc.

SummAry: more powerful products that con-
sume less battery life—this is what consumers 
want. what’s the best way to test these ever-evolv-
ing portable devices? using traditional voltage  
levels with modern-day devices could compromise 
the safety of the test. michael Smith walks you 
through the proper electrical testing process.

As technology continues to make huge ad-
vancements, so do the capabilities of the con-
sumer end-product. Portable device manufac-
turers are faced with the challenge of deliver-
ing faster and more powerful products with 
improved battery life by consuming less power. 
Tablets are now using four-core NVIDIA Tegra 
3 processors; smart phones are equipped with 
ARM Cortex-A9 chips; and the latest ultrabook 
features flash memory drives and the soon-to-
be-released 22nm Ivy Bridge Intel processors 

which will deliver a 37% performance increase 
over its 32nm Sandy Bridge sister.

Reduced power consumption can be ob-
tained by reducing the operational voltages. 
In the case of the Ivy Bridge 22nm device, a 
200mV drop in voltage gives the same junction 
speed as the older 32nm device, but with a sub-
stantial drop in its power requirement (Figure 
1). Both Intel 22nm and 32nm devices work at 
0.6 to 1 volt, but the 22nm devices can switch 
at 0.4 volts, allowing it to trade off performance 
for lower power consumption by using the low-
est possible voltages (Figure 2).

The NVIDIA device uses the ultra-low power 
(ULP) GeForce GPU, which allows the cores to 
run at a much lower operating frequency and 
voltage (0.8V down from 1.1V) and achieve 
significant power savings. These devices are 
at the forefront of silicon technology, but as  
the high-end processors move to the latest 
22nm technology, the support chips race to 
keep up as they also move from 65nm to 45nm, 
32nm and the microscopic 22nm transistors to 
take advantage of reduced power with greater 
speed.

What Damages These New Devices?
Using traditional voltage levels or even volt-

age levels based on 1.5 volts in any form of elec-
trical testing with modern-day portable devices 
would be completely incompatible and could 

Ensuring Testing 
of Next-Generation 
Portable Devices
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compromise the safety of the test. Devices such 
as the Sandy Bridge, with its 32nm transistors, 
have proven to be very sensitive to over-volt-
age conditions resulting in device failures and 
shortened life cycles. 

To extract performance from these devices, 
computer hardware hackers attempted to over 
clock the processor by increasing the opera-
tional voltages. As you can see in Figure 2, as 
you increase operating voltages, the transistor 
gate delay decreases and the processor can be 
clocked at higher speeds.  Many discussions can 
be found in online chat rooms about the limits 
of this technique of extracting more computing 
power from the personal computer, but they 
also warn that it is easy to “fry” the PC or re-
duce its life expectancy with the voltages only 
just beyond recommended operation voltages.

With proven sensitivity to over-voltage con-
ditions, it is important that voltage logic levels 
are the correct values, which is of course de-
pendent on the operation voltages that are pro-
grammable. On any board there could be nu-
merous logic levels required that a test system 
would need to emulate. One size does not fit 
all as a test signal that is not correct can either 
wrongly fail the device by not switching the 
gate, or overstress the input pin. Damage can 

be done by using incorrect logic values or even 
small voltage spikes that exceed the operational 
voltages and can cause an immediate failure or 
contribute to shortening the life expectancy of 
the device. 

This damaging effect has been well docu-
mented. As the supply voltage is lowered, the 
transistor turn-on voltage, or Vgson, of the FET 
is also reduced.  One way to lower the turn-on 
voltage is to reduce the gate oxide layer.The gate 
oxide layer is a thin insulating material that lies 
between the controlling gate and the channel 
of the field-effect transistor.  The Tri-Gate 22nm 
devices try to overcome some of that limita-
tion seen with earlier devices. Figure 3 shows 
that the thinner oxides are more fragile and can 
break down with modest overvoltage stress. 

These thin gate oxide layers can be easily 
damaged by over-voltage conditions. The sili-
con dioxide layer can either be immediately 
punched through by the application of a large 
voltage that exceeds the dielectric withstanding 
potential of the material, or it can be latently 
damaged through a mechanism that is called 
time-dependent dielectric breakdown. Time-
dependent dielectric breakdown begins with an 
over-voltage condition that can be quite small 
in duration, such as a voltage spike or transient.  

Figure 1: The 22nm transistor gate delay. 22nm 
3d tri-gate transistors can operate at lower volt-
age with good performance, reducing active 
power by more than 50%.

Figure 2: The 22nm transistor operation. The 
steeper sub-threshold slope can also be used to 
target a lower threshold voltage, allowing transis-
tors to operate at lower voltage to reduce power 
and/or improve switching speed.
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This over-voltage condition generates hot car-
riers (Figure 4) that are accelerated to velocities 
high enough to enter the gate oxide layer and 
generate electron-hole pairs. These electron-
hole pairs generate a trapped charge in the di-
electric layer of the transistor. Over time these 
traps attract other trap sites and accumulate in 
a local area. 

As time progresses, the trap sites begin to 
form a conductive path from the controlling 

gate and the channel that lies below. When 
this happens, there is a temperature rise in this 
section of the dielectric which causes the pro-
cess to speed up in a positive feedback manner. 
Eventually, a silicon filament results and causes 
a latent short of the gate to channel, which ren-
ders the transistor inoperable.

Time-dependent dielectric breakdown (that 
doesn’t fail immediately) can be an insidious 
failure mechanism because it is latent in nature. 
As a result, you may not find time-dependent di-
electric breakdown at in-circuit, functional or at 
final burn-in testing on the manufacturing line 
because it typically takes weeks or even months 
for the wounded device to fail, normally when 
the product is in the hands of the customer.

Electrical Test System Features Needed 
to Test Modern Portable Devices

Regardless of whether an electrical test sys-
tem is testing from the edge connector, through 
boundary scan, or via in-circuit nodal access, it 
needs to provide the correct voltage levels for 
the devices being tested. Edge connector testing 
is easier to set up, but nearly all electrical test 
systems need some access to internal nodes on 
the board under test. In-circuit test has to deal 
with the most complex situation and, therefore, 
we will consider what an in-circuit test system 
needs to test ultra-low-voltage devices, which 

Figure 3: ultra-thin gate oxides break down 
rapidly with modest over-voltage stress showing 
100ppm failure rate.

Figure 4: feT transistor gate oxide damage.
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will be applicable to both edge connector test-
ing and boundary scan to some degree.

To examine the features a tester needs, we 
can divide the answer into software tools and 
hardware requirements. The software tools 
should be reproducible in all test systems and 
hardware requirements must be designed into 
the test system with the thought of avoiding 
obsolescence. 

Tester Software Tools
Test software that helps generate tests for 

low-voltage devices must be able to program 
the correct voltages. It must either be easy to 
manually program the multiple logic levels re-
quired, or library elements should be available 
that not only describe the digital vectors needed 
to test a device, but also determine the correct 
voltage levels that should be applied. Human 
programmers can make mistakes, so the more 
automated this process is, the less likely it will 
be to program the wrong voltage. If there is no 
method to verify that the voltage for the de-
vice is being applied on the test hardware, then 
it is very important that the software is 100% 
correct as both over-voltage and under-voltage 
can cause either damage or false failures. At the 
same time, as voltage levels are programmed 
the expected current and current limits should 
be available to set the correct limits when de-
bugging the tests and in production testing. It is 
also preferable to set the optimum slew rate to 

minimize any potential over-voltage continua-
tion based on the logic family.

With in-circuit test, the circuit analysis soft-
ware will normally automatically add digital 
disable or inhibits to inputs to control any out-
puts on the PCB connected to nodes that are 
being used to test a device or cluster. This capa-
bility is critical to avoiding potentially harmful 
voltage spikes from feedback loops or floating 
inputs, that can cause time dependent dielec-
tric breakdown or CMOS latch up. This is more 
important for ultra-low-voltage devices as the 
voltage thresholds are measured in 10mVs not 
100mVs and they do not have the voltage buff-
er above the switch levels that the older devices 
have (Figure 5).

Therefore, it is important to inhibit and dis-
able devices, preferably all the way to the edge 
connector to stop feedback loops and the effects 
of “floating/tri-state” inputs that can pick up 
noise from many sources including RF sources 
such as cell phones (Figure 6).

Tester Hardware Resources
Tester pins or driver/sensor pins have to be 

accurate, and it is normal to expect accuracy of 
10x the programmed voltage. For example, if 
you need to program a voltage source at 300mV, 
you would expect at least a 30mV accuracy 
which would mean you are programming be-
tween 270mV and 330mV. Most in-circuit test 
systems tend to be around 100mV accuracy due 

Figure 5: Comparison of 5v logic to ultra-low 
logic.

Figure 6: Multi-level digital inhibits (in testing 
u12, the tester controls the nodes indicated to 
keep the board electrically quiet).
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to the high-current capability that is needed when 
back driving. This is the normal compromise on 
voltage accuracy for high-current capability. 

To test an ultra-low-voltage device where 
100mV is barely acceptable, but the problem 
gets worse under load condition, the current 
requirement increases and the in-circuit pins 
become less accurate. To minimize this error, 
the pin needs basic accuracy much greater than 
100mV and, under load, the pin needs to be a 
closed-loop design with very low output imped-
ance drivers. Ideally, this should be zero, 
but, in reality, anything less than 1 
ohm will be acceptable for ultra-
low-voltage devices to main-
tain the accuracy required.

Tester pins must allow in-
dividual, rather than group, 
programming of logic level 
thresholds. Per pin program-
mable capability allows the 
programmer and test generation 
software to assign logic levels appropriate for 
each pin on the device. It avoids test compro-
mises that can occur with shared logic level as-
signments which could produce over-voltage 
and under-voltage conditions. Even if the sys-
tem software has preconfigured fixture wiring 
to compensate for group logic assignments, it 
is assumed that all the information on a device 
will be available at the test generation stage and 
the voltage settings are 100% correct. This can-
not consider the many factors that can affect 
the voltage level required on a loaded board and 
can lead to voltage level compromise, which 
does not happen if each pin can have a differ-
ent assigned logic voltage family. With each 
voltage level, the slew rate also needs to be pro-
grammable for that pin to allow the device to 
switch cleanly and not compromise the voltage 
levels. The pre-set level should come from the 
automatic test generation software, but must be 
changeable when the board is being debugged 
to compensate for fixturing and other nodal 
loading that could affect signal integrity. Figure 
5 shows that overshoot must be minimized to 
prevent any potential damage.

Once the voltage level and slew have been 
programmed for each logic family, the maxi-
mum current and time allowed for digital test-

ing on each device pin needs to be set. This is 
the key in protecting ultra-low-voltage device’s 
technologies from being overstressed if the 
wrong voltage is applied by mistake. Again, 
each pin may have a different current limit de-
pending on the device driving the node, so it 
must be programmable on a per pin capability. 
The default value should be set by the automat-
ic test programming software, but in debug it 
is important to be able to record the “real” cur-
rent level, check it is acceptable, and then use it 

to calculate a new limit on a test channel 
by test channel basis. This abil-

ity to measure current while 
in the debug phase allows the 
tester to verify that a device 
has been tri-stated correctly 
and doesn’t have missing or 
inadequate device isolation. 
Missing or inadequate device 

isolation means a device can be 
overdriven during tests and if the 

tester can’t set the curren limits, up to ½ of one 
amps may be forced out of each output, which 
on a parallel digital bus could correspond to 
several amps being drawn by the device. How-
ever, the most important feature of current 
measurement during debug is to detect any in-
correct voltage settings. Too high input voltage 
on the device will exceed the current limit and 
will be flagged, while a low-voltage setting will 
not test the device correctly. A complete review 
of the current requires the testing of each de-
vice which may highlight many problems that 
could affect the stability of the tests and poten-
tial damage to sensitive devices.

At test time, the real-time current measure-
ment capabilities, using the predefined limits, 
can prevent damage to both the device being 
tested and other devices on the node while help-
ing to identify defects not normally detected by 
systems without this feature, such as faulty ena-
bled pins and marginal output transistors. It is 
possible that a defect condition on the board 
can cause either an over-voltage or over-current 
condition that could stress the ultra-low-volt-
age part and the current limits will help prevent 
any damage being done to the devices.

During the production testing of PCBs, it’s 
important to make sure the input signals are 

the most important feature 
of current measurement 

during debug is to detect any 
incorrect voltage settings.

“
”
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providing the exact voltage swing as well as 
making sure the outputs are working correctly 
because of the closer margins in ultra-low-volt-
age devices. The test system needs to detect both 
high and low levels with the correct voltage 
thresholds rather than use a single threshold to 
detect values. If a tester pin driver, with poor ac-
curacy, has a single voltage threshold measure-
ment or no driver verification, it cannot guar-
antee that it has achieved the voltage switch 
threshold and potentially fail a good device. As 
seen in Figure 5, the tight switch thresholds of 
ultra-low-voltage devices means the tester must 
verify that the test system has provided the cor-
rect switch threshold voltage without exceed-
ing the operational voltage levels.

During a production test, to minimize stress 
to devices, the tester should execute each of the 
tests as quickly as possible. A dedicated digital 
controller can rapidly execute digital test vec-
tors with consistent and repeatable test timing. 
Testers with this feature benefit from the faster 
digital test throughput, less potential back drive 
stress, and more stable test results. Non-specific 
digital controllers, such as general-purpose PCs, 
tend to be loaded with other tasks and could de-
cide to install software updates during a digital 
test sequence or just run a program that could 
affect test timing.

Conclusions 
A number of challenges arise when perform-

ing digital testing on ultra-low-voltage devices. 
To accurately, safely, and reliably test low-volt-
age technologies, a tester should feature inde-
pendently programmable, high-accuracy pin 
electronics, real-time back drive current meas-
urement and control, multiple level digital iso-
lation capabilities, and fast test program execu-
tion times.

As shown, electrical test, and especially in-
circuit test systems, must have driver accuracy 
below 50mV and output impedance of less than 
1 ohm to successfully test ultra-low-voltage de-
vices. It must also have per pin programming for 
voltage, slew, and back drive current; otherwise 
it risks damaging parts by poor test program-
ming techniques or defect induced over cur-
rent voltage conditions. If the test system has 
these features, it is capable of accurately testing 

today’s ultra-low-voltage technologies, wheth-
er from the edge connector or with in-circuit 
back drive conditions, and it is well-equipped 
to handle the challenges of future ultra-low-
voltage devices.  SMT
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SummAry: Building a medical electronic device 
poses specific and significant challenges for the in-
dividual supply chain partner, the supply chain at 
large, and the oem. dr. markus riester addresses 
these challenges. 

Manufacturing of electronics for medical de-
vices is a business spanning various target mar-
kets—very different types of products with very 
different requirements toward the performance 
of products. As the requirements for product 
performance vary, so do the processes for man-
ufacturing those products. Medical electronic 
products can have very simple circuitry, with 
single-sided circuit board technology, some ac-
tive and passive components, sensors and ac-
tuators, A/D conversion, or logic and memory 
to enable function. Large medical equipment 
has requirements that reach toward industrial 
power electronics. Such machines may require 
high power, high voltage to be married with so-
phisticated sensing, A/D conversion, and digital 
circuits. 

From an applications point of view, medical 
electronic devices reach their technical climax 
in high-reliability, high-performance devices 
for life-sustaining applications like implantable 
pacemakers, defibrillators, cochlear implants, or 
neurostimulation devices. In addition to tech-
nical challenges, the market for implantable 
medical products is subject to regulation, and 
government authorities impose a systematic ap-
proach toward maintaining a high level of con-
trol over the manufacture, testing, and distribu-
tion of these devices. 

From a technical point of view, many con-
current topics influence the design of a medical 
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electronic product. Performance considerations 
with respect to lifetime, quality, and usability, 
as well as regulatory and environmental chal-
lenges, should be taken into account. Spe-
cifically for portable and implantable devices, 
miniaturization is a critical success factor, both 
in terms of reduced volume and in increased 
functionality per volume. Medical 
electronics leverage the advances 
in miniaturization triggered by 
other markets, e.g., the mobile 
phone market, and large medi-
cal device OEMs are investigat-
ing the use of state-of-the-art 
technologies for packaging and 
PCBs through the implementa-
tion of wafer level packaging, 
embedding technology (actives 
and passives), and 3D packag-
ing (through-silicon vias TSV). 

In addition, many applica-
tions have low-power require-
ments that must be fulfilled to 
ensure operation of the device 
during the designated product 
lifetime. This is particularly true 
for implantable products that are often 
created using technologies that were developed 
nearly 20 years ago. These have remained large-
ly untouched by advancement along the lines 
of Moore’s Law. The long development cycles, 
approval times, and product lifetimes in this 
sector have a direct influence on the structure of 
the supply chain. Supply chain partners should 
align their technical processes and capabilities, 
but also their IT systems so data transfer, e.g., 
for traceability, can be performed in a simple 
fashion.

A technical challenge of a different kind for 
the medical electronic device industry is the 
switch to lead-free assembly. Many high-end 
medical electronic devices are still exempt from 
lead-free assembly [1]. Some components used 
in current designs are lead-free, while some may 
not be. This could lead to a situation where lead-
free assembly will become the favored option 
for the sake of component availability. Thus, 
building a medical electronic device poses spe-
cific challenges for the individual supply chain 
partner, the supply chain at large, and the OEM.

The Medical Device Manufacturing 
Supply Chain 

It is becoming increasingly difficult to iden-
tify companies in the supply chain willing to en-
gage in medical electronic device manufactur-
ing, especially for class III devices. The reasons 
for adverseness many: Low- to mid-volumes, 

perceived (and real) risk of liability, 
required certifications, and, last 

but not least, regulatory burden. 
Considering the special re-

quirements for the manufac-
turing of medical devices, sup-
pliers along the supply chain 
engaged in this field need to 
be able to apply processes that 
might not be commonplace in 
their industry. For PCB manu-
facturers this could mean in-
stalling ESD-safe workplaces, 
enhancing cleanliness of op-
erations, and preparing larger 
samples in inspection. For EMS 
companies this could mean 

installing test equipment that 
allows customer-simulated opera-

tion, installing special burn-in equip-
ment, and using state-of-the-art automated as-
sembly lines.

Material and Component availability
Most PCB base material suppliers do not 

explicitly approve their materials to be used in 
medical products or in implantable medical de-
vices. Moreover, many suppliers explicitly state 
that their materials may not be used in implant-
able devices; however, some materials may be 
used in non-life-sustaining devices upon notifi-
cation. The reason for this caution is that suppli-
ers are unwilling to expose their business to the 
perceived risk of being connected to a situation 
where a device fault would be attributable to 
their product. Dealing with this situation is dif-
ficult, as product designs are usually done with 
materials and components that are extremely 
well known. Thus, they are an excellent basis 
for use in high-reliability applications. One an-
swer to this dilemma could be standardization, 
another clear regulation on liability. 

Discussions with passive component manu-

most PCb base 
material suppliers do 
not explicitly approve 
their materials to be 

used in medical 
products or in 
implantable 

medical devices. 
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facturers show that it is very hard to control the 
use of components if they are not directly sup-
plied to the OEM, but through distributors. In 
reality, control over the end-use of their prod-
uct seems to be limited, even if its use was spe-
cifically disapproved. 

Packaged component availability can also 
be a critical topic in manufacturing. Large pack-
aging houses with the latest packaging tech-
nology available are often unwilling to serve 
the relatively small volumes demanded by 
the medical electronic manufacturers. A con-
sequence of manufacturing of high-reliability 
“custom” packages for the medical electronics 
market could be a potential future opportunity 
for creating tailored products for this specific 
market. 

Process Control and Traceability
Advanced manufacturing execution systems 

(MES) are useful tools for providing current data 
on the performance of individual equipment, 
processes, and product quality. They allow the 
tracking of goods along the manufacturing pro-
cess and provide the foundation for a key ele-
ment of medical device manufacturing: Trace-
ability. Traceability encompasses the tracking of 
a product, its components, and the manufactur-
ing process. These data can be used for optimiz-
ing a particular manufacturing process. This is 
particularly important in case of an identified 
fault in a device during manufacturing and 
even more important should a field return oc-
cur. Such data will allow the manufacturer to 
attribute the failure to a specific process or a 
situation that occurred during manufacturing. 

In the best case, the supplier will be able to 
demonstrate which actions are required for alle-
viating the situation. He will also know if other 
product may be affected and quickly be able to 
salvage the situation by taking adequate mea-
sures. While traceability is mandated for the 
OEM, the suppliers, likewise, are forced to com-
ply with traceability requirements. In addition 
to providing data to the OEM, they can also 
leverage the information gathered for optimiz-
ing processes. In the long run this will improve 
overall yield and allow suppliers to become 
more predictable in their performance. 

The Foundry Concept 
The manufacture of medical electronics was 

previously in the hand of the OEM, but out-
sourcing of manufacturing, sourcing, test, and 
even design has now reached this market seg-
ment. The main objective of outsourcing is to 
leverage the technical and regulatory know-
how of an existing supply chain to gain quick 
access to volume production. In addition, this 
would enable flexible scaling of volumes to 
acute demand from the market. 

Most attractive is the steep learning curve 
for companies with a concept for a medical de-
vice, but with no manufacturing capability. The 
future outsourcing model might enable fabless 
medical device companies, like many existing 
start-ups, to have designs built at a “medical 
device foundry.” This foundry would provide 

MEDICaL ELECTRONICS MaNUFaCTURING TRENDS continues

Figure 1: assembled substrate for implantable 
device. picture courtesy Micro Systems 
Technologies gmbH.
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all required knowledge in design, traceability, 
manufacture, and regulatory topics, and also 
allow access to qualified component suppliers. 
This model has worked for the semiconductor 
industry for many years and has been helpful 
in establishing the large manufacturing land-
scape of consumer products like mobile phones, 
smart phones, and other mobile devices. 

Medical electronics should be able to lever-
age the same benefits—increasing device qual-
ity and reduced time to market while ensuring 
all regulatory aspects are dealt with in a profes-
sional manner. The value of this model has been 
discussed previously and seems to be becoming 
more attractive over time. For many medical 
products this is a real possibility already and 
it will become more attractive for the medical 
electronics market as well. For the OEM, the 
adoption of this model would result in a shift 
of focus away from managing manufacturing 
lines toward managing suppliers and the sup-
ply chain—keeping focus on the performance 
of their suppliers. 

Economy of Scale
When electronics manufacturing is dis-

cussed, often the very large-volume, “killer” 
products like mobile phones or smart phones 

are mentioned as reference. While receiving lots 
of attention and contributing a large portion of 
revenue in the EMS market, their set of techni-
cal requirements and compliance requirements 
differs dramatically from the medical electron-
ic devices industry in many ways and cannot 
be seen as a role model for understanding the 
specific requirements of medical electronic de-
vice manufacturing. Most sophisticated medi-
cal electronic products are manufactured in 
volumes small volumes: From 10,000 cochlear 
implants to 100,000 pacemakers per year. In ad-
dition, those devices are not manufactured by 
a single company, but by many smaller compa-
nies (amongst a few large ones). Each company 
performs its own proprietary design, sourcing, 
and manufacturing capacity. As a consequence, 
they are unable to leverage economies of scale. 
As prices have started to play an increasing role 
in medical electronic device manufacturing, ap-
plying the foundry model could likely be a suc-
cessful path for future medical device manufac-
turing in the U.S. and Europe.  

Regulatory Issues
While EMS companies rarely market medi-

cal devices, they are diligently audited by their 
customers toward compliance with the regula-

Figure 2: Fully automated test line for implantable electronic modules. picture courtesy Micro Systems 
Technologies gmbH.

m e d i c a l  e l e c t r o n i c s

MEDICaL ELECTRONICS MaNUFaCTURING TRENDS continues



PRECISON ECONOMICAL
POST ETCH PUNCH

Contact Gary Weidner
+1 269 962 2231

gweidner@capicard.com

4 camera system

New software

Faster cycle time

Improved visuals

Fixed die technology

The Pinlam PE4 maximizes 
accuracy and improves yield of 
multilayer production. 
Designed for simplicity, easy to 
use and maintain, set up is 
simplified, making the Pinlam 
PE4 much faster and easier. 

http://www.iconnect007.com/magtracker/?mag=pcb1204&page=19&link=http://www.capicard.de/
mailto:gweidner@capicard.com


32    SMT Magazine • May 2012

tions with which the OEMs themselves must 
comply. For the EMS supplier, this leads to the 
need to understand those requirements and put 
measures into place that ensure customers com-
ply with the appropriate regulations.

A main difference with manufacturing elec-
tronic products for “normal” use versus medi-
cal use is the regulatory jungle that manufac-
turers must conquer. In addition to conquering 
the technical requirements, where guidance is 
sought from the known standards from IPC, 
ISO, and JEDEC, an encompassing set of regula-
tions exist that requires an in-depth knowledge 
by the manufacturer on steps to take for mar-
keting a medical electronic device for use in the 
treatment of humans. 

Medical devices are classified into Class I, II, 
and III. Regulatory control increases from Class 
I to Class III. The device classification regula-
tion defines the regulatory requirements for a 
general device type. Most Class I devices are ex-
empt from Premarket Notification 510(k); most 
Class II devices require Premarket Notification 
510(k); and most Class III devices require Pre-
market Approval [2]. The latter Class includes 
implantable devices that are life-sustaining, 
such as pacemakers and defibrillators.

Conquering these regulations is challenging 
and using services from a notified body will be 
helpful in many cases. These services could also 
be included in a foundry model, where the reg-
ulatory affairs could be managed for the OEM.

Standardization
The use of standardized processes and com-

ponents for medical device products is a prime 
example where cost in testing of components 
and qualification of products can be saved both 
on the side of the OEM and in the supply chain. 
iNEMI [3] has launched three collaborative R&D 
projects that aim to address the identified needs 
of the industry that can be solved in a collab-
orative manner:

• Defining reliability requirements for 
   implantable medical devices;
• Qualification methods for portable 
   medical products; and
• Component specifications for medical
   products.

Companies and institutes participating in-
clude Boston Scientific, Cochlear Limited, Dry 
Solutions, DYCONEX, EIT, Exponent, IMEC, 
IST, Fraunhofer IZM, Kemet, Med-El, Micro Sys-
tems Engineering, NIST, UL Medical, and Val-
tronics. Currently, iNEMI is extending the work 
with three new teams beginning the initiative 
phase covering medical supply chain optimiza-
tion, MRI/X-ray compatibility with implantable 
devices, and flexible substrates for medical de-
vices. Other organizations, like the Association 
for the Advancement of Medical Instrumenta-
tion, have identified similar obstacles and they 
also are suggesting standardization as a measure 
that is immanent for improving the current cost 
situation [4].

a Glimpse into the Future 
The electronics manufacturing industry is 

constantly creating novel concepts for advanc-
ing the use of electronic devices. In the future, 
trends like 3D integration, smart systems inte-
gration, MEMS technology for sensing and ac-
tuation, printed electronics-enabling polymer-
tissue interfaces, or even artificial ion channel 
electronics could play an increasing role in 
medical electronics. Besides the demonstra-
tions that have been carried out, real applica-
tions will arise with increasing knowledge of 
the functional interaction between the sensor 
and the body or tissue. 

Paradigm shift changes can also be ex-
pected. Examples like ultra-miniaturized pace-
maker swarms, forming ad-hoc body area 
networks, demonstrate that concepts known 
outside the medical world could provide  
potentially-useful therapies. Novel printed 
sensors and actuators will lead to improved 
cardiac therapies, allowing balloon catheter-
based sensor matrices to monitor informa-
tion in three dimensions and with temporal 
resolution. This will allow improved cardiac  
ablation therapy by providing finer resolution 
of imaging current patterns in the heart in  
real-time. Each of these examples uses state-
of-the-art and leading-edge technologies. 
They fulfill the demand for less device volume 
and low power consumption, less stimulation 
current, while being easier to administer and 
to use.
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With increasing sophistication of applica-
tions, and by leveraging economics of scale 
miniaturization, development is taken to levels 
where integration of complexity is performed 
at the packaging level, as package-on-package, 
system-in-package, and system-on-chip de-
signs. Close collaboration between clinicians, 
technologists, and the manufacturing industry 
will be critical for leveraging existing and tech-
nical opportunities. It will allow the creation 
of better, faster, and more specific devices for 
improving diagnostic and therapeutic applica-
tions.  SMT 
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dr. ron lasky, a senior tech-
nologist with Indium Corpora-
tion, discusses with Technical 
editor pete Starkey whether it 
will ever be possible to reach a 
consensus on lead-free assem-
bly. He also comments on a few 
practical benefits and explores 
reliability issues.

Lead-Free assembly: Can We achieve Consensus?

Video Interview

by Real time with...iPC aPeX eXPo 2012
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by Sjef van Gastel
aSSeMBléon neTherlandS B.v.

SummAry: Basic quality improvement theory 
applies wholesale to electronics production. when 
setting up a process, you need to look at real issues, 
which include the cost of waste over the equipment 
life. continually improving the assembly process 
eliminates the sources of error that cause expensive 
and, especially in the case of medical equipment, 
potentially life-threatening production defects.

A single key requirement, ultra-repeatable as-
sembly, dominates medical electronics produc-
tion. While obvious for pacemakers and other 
implantable devices, it is essential for wearable 
devices like hearing aids, too. Poorly performing 
products can lead to instant rejection from us-
ers, leading them to prefer their original, bulky, 
but reliable, devices. Older patients particularly 
have difficulty coming to terms with new tech-
nology and can have little tolerance for a new 
device if it doesn’t work properly the first time 
out of the box. Repeatability is also critical for 

repeatability must 
dominate medical 

electronics Production 

equipment like MRI scanners. Many diseases 
need early treatment and patients cannot afford 
the delays introduced by an expensive machine 
lying idle because a component on one of the 
boards was poorly soldered.

Quality and repeatability can’t be inspected 
in products. These features must be designed in, 
which involves working on each part of the pro-
cess to reduce variation. That, incidentally, also 
reduces costs. In every step of the manufactur-
ing process, detecting a defect costs 10x more 
than the previous step. Costly automated op-
tical inspection (AOI) and test equipment can 
filter out defects as early as possible, but, even 
then, at least 10% of defects still go undetected. 
Figures from various industries show that over 
60% of returned products were subject to ear-
lier rework. And, as miniaturization progresses, 
rework is often no longer an option and that 
significantly increases scrap costs.
Medical production also has to be flexible to 
keep pace with regular high-mix product chang-
es. Production needs traceability and effective 
enterprise resource planning (ERP) software to 
integrate management information throughout 
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the organization. Most importantly, though, 
medical production must give a first-pass yield 
of virtually 100%. That means optimizing each 
of the three major surface-mount processes 
shown in Figure 1: Stencil printing, pick-and-
place, and reflow soldering (the best solder tech-
nique for high-density electronics production).
  
Solder Paste: Right amount, Right Place 

As solder lands and resulting screen aperture 
sizes become smaller and more closely spaced, 
new factors are affecting solder paste deposi-
tion. Unless screen printers incorporate special 
features, large components can be left with too 
little solder and small components like 0201 
(0603 mm) types with too much. (Table 1 shows 
the major screen printing related defects.)

That can be serious—defective solder print-
ing has been estimated to cause over 50% of 
equipment defects. Even small process varia-
tions can affect repeatability, particularly squee-
gee blade angle and speed. Stencil printers need 
features like variable attack angle printing to 
maintain constant solder pressure independent 
of the stencil thickness. The final solder paste 
layer should be flat with even thickness across 
the deposit, and with the correct shape (pattern 
resolution).
 
Pick-and-Place: DPM is the Real Figure 
of Merit 

In practice, the major influence on produc-
tion quality is the pick-and-place machine. IPC 
standards, particularly IPC-A-610D, IPC-9261A, 

Figure 1: process requirements for each of the three major SMT process steps. 

Table 1: Typical solder paste related errors during screen printing. 

Solder Paste Error Causes Result Image
Bridging  contact between  Smearing and, after reflow,
 neighboring deposits. solder bridges and short 
  circuits. 
Misalignment Positional offset between  Short and open circuits.
 solder paste deposit and 
 solder land.   
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and IPC-7912A, distinguish four classes of SMT 
defect. Each component has a number of defect 
opportunities: It may be incorrectly oriented or 
placed, for example, and any of its terminations 
may be faulty (the total is normally dominated 
by the total termination count). Estimating pro-
duction yield starts with counting the number 
of possible defect opportunities in each board, 
with the key figure of merit for an assembly line 
being the number of actual defects per million 
defect opportunities: The defects per million 
opportunities (DPMO). The major types of pick-
and-place defects are shown in Table 2. As the 
processes become less well controlled the yield 
drops increasingly steeply to zero as component 
count increases (Figure 2).

The most repeatable of the pick-and-place 
techniques is single-pick/single-place where 
many independent heads place components in 
parallel. That gives a much steadier and more 
controlled action than sequential placement, 
where a single head places components at high 
speed—with increased vibration and greater 
chance of components shifting on nozzle tips. 

Field data show that single-pick/single-place 
machines have DPM below 10, against up to 50 
and above for sequential placement. That rou-
tinely gives a yield of around 95 to 99%, instead 
of some 70 to 80%. 

Component Densities on the Rise
The difference in yield is largest for high-

pin-count ICs and micro-miniature compo-
nents and these are the real tests for a machine’s 
repeatability. Although large ICs like ball grid 
arrays (BGAs) are the most obvious components 
on a PCB, there are often only three or four of 
them compared to a hundred or more chip com-
ponents. So, the chip components and their in-
terspacing largely determine packing density. 
Medical equipment does not generally call for 
high component densities, with the exception 
of implantable and portable equipment. These 
types now already concentrate over 50 compo-
nents/cm2, and this is predicted to rise to near 
80 over the next 10 years.

This rise requires chips like 0201 and 01005 
sizes. Measuring only 0.4 mm x 0.2 mm, 01005 

Figure 2: The relation between defect opportunities, dpMo, and estimated yield. yield very quickly 
drops to zero for complex boards for poorly controlled processes. 
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chips are difficult to see clearly, let alone place 
reliably. They are now regularly used in semi-
conductor modules or single in-line packages 
(SIPs), which are increasingly concentrating 
the most dense (and high-frequency) electronic  
circuits. Components are often placed with  
only 50 microns component spacings (giving  
local densities of 300/cm2). Many manufactur-
ers see the move to 01005 as virtually impossible 
for mainstream production with their current 
equipment. No such problem exists with sin-
gle-pick/single-place, though, which achieves a  
single-digit DPM for both 0201 and 01005 
chips.

Machine accuracies within 40 microns are 
usually sufficient for even micro-miniature  
chip components. However, this will change 
for two of the next major production devel-
opments: embedding chips into PCBs and  
placing them underneath ICs. The copper ter-
minations of these passive devices will have 
solderless copper-to-copper contacts. As these 
components will not self-align, the accuracy for 
placing chip components may need to be 20 
microns or better.

Assembléon has just finished test place-
ments of 20-micron thin components (dies) 
for embedding into an ultra-thin PCB used in a 
medical device. Researchers from other organi-

zations involved were surprised at the success, 
because no other pick-and-place vendor has 
been able to place the components at full speed 
without cracking the dies.

In addition to tighter accuracy require-
ments, these delicate components must have 
low placement forces to prevent component 
cracking. Electronic components are fragile and 
need precise placement forces to prevent crack-
ing. Impact force is determined by head veloc-
ity at impact, the mass of the head, and the 
head contact stiffness. Parallel placement heads 
have lower masses and it is easier to reduce the 
velocity of the nozzle in the “safe zone” before 
placement to eliminate impact force. Placement 
forces have to be down to 1.5 N or so. 

Error-Free Software 
Set-up verification and autocalibration are 

needed for repeatability. Production programs 
must be error free before production begins. 
In addition to intelligent setups and NPI tools, 
automatic visual checks of part orientations 
in tapes and other packaging and automated 
teaching of first component pickup locations 
are needed. Offline program simulation is es-
sential, and when programs are reused, only 
verified and released data must be reloaded to 
a line. 

Pick-and-Place Error  Causes Result Image
part misalignment  Fiducial read errors, poor  Solder bridging or
 machine calibration,  tombstoning after reflow.
 placement or component 
 alignment errors, etc.  
Incorrect part selection  Wrong part feeder loading,  Wrong component
 tape splice errors. mounted on substrate. 
damaged parts  damaged by parts supplier  component cracked or
 or by too high a  tilted components,
 pick-and-place force. open circuits.  
Wrong polarity of  Placement programming Wrong circuitry.
polarity sensitive  errors incorrect (rotated)
devices like diodes  tray loading.   
extra or missing parts Parts gained or lost during  Wrong circuitry.
 pick-and-place.  

Table 2: Typical pick-and-place-related assembly errors. 
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A single tool is needed for planning, sched-
uling, and distributing programs over lines 
from different manufacturers. Software has to 
control the entire line, including equipment 
from multiple manufacturers. For new product 
introductions (NPI), it is important to produce 
samples on the same line as will eventually be 
used for volume production. That means no 
differences in heads, camera types, equipment 
software, nozzles or anything else, and, particu-
larly, no different software versions that may 
influence process parameters. 

Packages should have CAD importers, intel-
ligent Gerber tools, and tools that can simulate 
and verify production offline first. Virtual sticky 
tape runs production in a virtual environment 
that shows the actual placement result on an 
image of the PCB. Basic errors such as wrong 

part type or shape, part shift, rotation, orienta-
tion, or polarity are detected and corrected be-
fore the programs are actually sent to the line, 
ensuring the maximum possible real-life pro-
duction throughput. 

When a product recall is inevitable, costs 
must be kept to an absolute minimum. Here, 
accurate recording and storage of all relevant 
process and traceability data is key. Open data 
interfaces are needed to include manufactur-
ing execution systems from other equipment  
makers. 

A company involved in the production of 
medical devices should offer services, tools, and 
training to verify that placement accuracy and 
placement force remain accurate. This is needed 
if manufacturers must prove that their equip-
ment is qualified for manufacturing each year.

Table 3: Typical reflow soldering related assembly errors. 

Reflow Soldering Errors Causes Result Image
Tombstoning asymmetry in solder paste  open circuit.
 melting, part misalignment 
 on the solder lands.   
Bridging  contact between  Short circuits between
 neighboring deposits. a group of adjacent leads.
 
opens  no joint. open circuits.

 
Board warpage  overheating. Component cracking, 
  variable solder deposits.
 
Solder beading  capillary effect pulling paste open or short circuits.
(solder balls forming  under the component and
around a device) squeezed out during reflow.   
Poor wetting  Incorrect tin/lead thickness  Poor solderability on
 applied to the pad surface. tin/lead boards, 
  “orange peel.” 
voiding: Cavities in  gas inclusions. long-term reliability issues.
solder joints   
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reliable Internet access on the moon, near 
Mars, or for astronauts on a space station? How 
about controlling a planetary rover from a space-
craft in deep space? These are just a few of the 
pioneering technologies that eSa is working on 
for future exploration missions.

What do observation or navigation satellites 
orbiting earth have in common with astronauts 
sending images in real time from the Interna-
tional Space Station? They all need to send data 
back home. and the complexity of sharing in-
formation across space is set to 
grow.

“we are researching how 
today’s technical standards for 
devices like mobile phones, 
laptops and portable comput-
ers can be applied to a new 
generation of networked space 
hardware,” says nestor Peccia, 
responsible for ground seg-

ment software development at eSa’s operations 
centre in darmstadt, germany. “But our future 
focus goes well beyond just networking; we’re 
looking at how agencies like eSa and naSa co-
operate in orbit and how to interchange data 
in real time between different organizations’ 
spacecraft and ground stations, as well as reli-
able technical standards for spacecraft naviga-
tion and flight control.”

In the future, inter-satellite communication 
requirements are predicted to grow, and space-
craft should be capable of establishing powerful 
radio links with each other—even while orbiting 
Mars at thousands of kilometers per hour.

“Setting technical stan-
dards and communication 
system architecture isn’t the 
most high-profile part of space 
exploration, but it’s absolutely 
vital for ensuring that the high-
profile efforts, like sending an 
astronaut to Mars, will work 
as planned when that time 
comes,” says nestor.

esA Unveils space Initiatives

Sjef van gastel is manager of 
advanced development at as-
sembléon netherlands B.v. He is 
responsible for technology road-
mapping and for technology 
investigations leading to new 

machine concepts and for competitive dy-
namics. from 1979 to 1998, he held several 
positions in leading manufacturing equip-
ment engineering design groups at royal 
Philips electronics. He holds 12 international 
patents/patent applications in the field of 
SMd assembly. he is principal author of the 
book “Fundamentals of SMd assembly.” van 
gastel has also made presentations at several 
international conferences, including IPC aPeX 
eXPo, CMMf, and productronica, in addition 
to teaching classes on SMT. he holds a Mas-
ters degree (honors) in Mechanical engineer-
ing from eindhoven university of Technology 
(netherlands).

Reflow Soldering: Right Profile, 
Good Reflow

If components have been placed proper-
ly and the reflow temperature profile is right, 
few problems should occur during reflow. The 
temperature profile of the reflow oven has to 
be accurately controlled until the solder paste 
reflows (heating zone), while the flux agent is 
activated (soak zone), and again until the mol-
ten solder solidifies (cooling zone). The type of 
defect helps trace back to faults at a particular 
point in the process (Table 3). 

Continually working on the process in 
this way helps further reduce process control 
limits (what the process is producing) and in-
side specification limits (what the customer is  
asking for). Keeping well within specification 
limits (high-process capability) means that  
processes can drift, but still produce good 
equipment while faults are corrected. This is  
basic quality improvement theory, but it is 
critical to successful (and profitable) electronics 
manufacture.  SMT
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by Richard ayes
I-ConneCT007

SummAry: Smtc manufacturing corpo-
ration’s executive Vice President, operations, 
Paul Blom, speaks with our editor about the key  
drivers for medical electronics industry growth—
including supply chain issues, certifications and 
manufacturing.

Smt magazine: What opportunities are you 
seeing in the medical electronics industry, and 
how do you see this market developing this 
year and next?

Paul blom: We are seeing a new wave of in-
novative high-tech medical products coming 
through our channels. These new opportunities 
are the focus at our San Jose and Toronto facili-
ties. The medical segment is an important mar-
ket for us and it currently represents 5% of our 
business. We see this segment of our business 

growing steadily over the next few years. SMTC 
has continued to retain and attract new busi-
nesses and this is largely due to our engineering 
expertise, quality standards, and certifications, 
as well as our use of customer-focused teams. 
The new introduction of Medizone at our To-
ronto facility highlights these qualities and we 
can only see this growing both this year and 
next.

Smt: What are the main drivers for growth 
when it comes to medical electronics?

blom: We see several key drivers for growth 
in medical electronics. First, traditional medical 
OEMs continue to move more toward an out-
sourcing model to drive cost, time-to-market 
and leverage the engineering, supply chain, and 
geographic capabilities of EMS companies.

Second, we are seeing the emergence of 
many new companies taking innovative medi-
cal products to market. These companies are 

Innovations, More Outsourcing Models 
Drive Medical Electronics Industry
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adopting the virtual manufacturing and sup-
ply chain model of EMS providers from the 
start. And, finally, as the outsourcing of medical 
products is maturing, medical OEMs are find-
ing they achieve improved results by aligning 
their requirements and the size of their spend-
ing with the size and capabilities of the EMS 
provider with which they partner.    

Smt: With regard to process requirements 
in medical electronics assembly and the supply 
chain, what challenges have emerged?

blom: The requirements of medical OEMs 
tests the capabilities of the EMS provider in 
the areas of engineering, supply chain, quality 
management, data management, and manu-
facturing. SMTC brings strength to the table 
in each of these areas. Strict adherence to the 
customer-approved materials source plan is 
key. SMTC’s copy-exact systems and process-
es ensure materials are procured in line with  
our OEMs specifications. In addition, map-
ping out the data collection and reporting  
requirements for each customer is a key require-
ment. 

Although the ISO 13485 standard defines 
certain requirements, a level of unique data  

collection and reporting customization is re-
quired by each customer. Again, by using  
customer-focused teams, SMTC is well po-
sitioned to address each customer’s unique  
requirements.

Smt: What can you say about the pleth-
ora of standards, certifications, and relevant 
licenses required for emS companies when it 
comes to medical electronics manufacturing 
and assembly?

blom: As a highly-successful and established 
EMS provider, we are continuously investing in 
our people and processes to ensure we deliver 
the best in quality, cost, and support services 
to meet customer go-to market plans. We have 
achieved ISO 13485 certification at our Toron-
to, Mexico, and San Jose facilities.

ISO 13485 is an internationally-recognized 
quality management system and standard for 
the manufacture of medical devices. This stan-
dard is governed by the International Organi-
zation for Standardization (ISO). In 2011, we 
completed the required compliances and re-
ceived licensing by the State of California Food 
and Drug Branch (FDB) to manufacture Class 
1 and Class 2 medical devices at our San Jose, 

Toronto Canada Factory
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California, facility. More recently, we expand-
ed our services to medical customers with the 
implementation of a Class 10000 clean room 
environment for both assembly and packag- 
ing capabilities in our San Jose and Mexico  
facilities.

We view our certifications as a starting point, 
or as “table stakes” for providing EMS services 
to our medical electronics customers. We fur-
ther broaden the customer experience through 
our engineering, quality management, and  
supply chain solutions.

Smt: How does the company ensure that its 
supply chain cannot be penetrated by counter-
feit components?

blom: The risk of introducing counterfeit 
components into the supply chain increases 
dramatically when the OEM or the EMS compa-
nies deviate from a disciplined source plan with 
top-tier, well-managed suppliers. Use of second-
ary and broker markets, as well as excess inven-
tory markets for electronics components, in-

creases this risk. We hold to the materials source 
plan, which is reviewed and agreed to by each 
customer—ensuring consistent quality and re-
duced risk of counterfeit parts. SMTC’s procure-
ments systems ensure compliance in executing 
the procurement process.

Smt: What are the latest strategies in med-
ical electronics assembly?

blom: Medical OEMs have been outsourc-
ing PCB assembly in volume for over a decade. 
Recent trends include a greater outsourcing of 
full product assembly, EMS order fulfillment 
to distribution networks, and increased use of 
in warranty and beyond-warranty repair ser-
vices. In addition, medical OEMs are turning to 
EMS for greater involvement in DFX, as well as  
component selection which enables an in-
creased product life cycle. These requirements 
are front and center as we work with medical 
OEM customers. 

Smt: What challenges will emS companies 
continue to face while providing medical elec-
tronics assembly services in the next 18 to 24 
months?

blom: The growth and expansion of new 
technology emerging within this segment will 
always be a challenge, as technological advanc-
es and devices become more intelligent. In ad-
dition, as medical electronics segments become 
more competitive globally, time-to-market and 
cost will increase in importance over time. 
With strong technical capabilities and global 
footprint, we are well positioned to meet these  
challenges.

Smt: SmtC has facilities in the United 
States, Canada, mexico, and China. do you 
have what could be considered as a medical 
electronics assembly center, or do these facili-
ties have medical electronics expertise for said 
regions?

blom: All SMTC facilities adhere to the “copy 
exact” methodology—every SMTC facility em-
ploys the same manufacturing equipment, sup-
ply chain systems, software, and data collec-

INNOVaTIONS/OUTSOURCING MODELS DRIVE MEDICaL ELECTRONICS INDUSTRy continues
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As Executive Vice President, 
Operations, of SMTC Manufac-
turing Corporation, Paul Blom 
is responsible for engineering, 
manufacturing operations and 
supply chain management on 

a global basis. Prior to joining SMTC, he 
was a founding executive of Celestica and 
served as Senior Vice President, Global Sup-
ply Chain. Blom holds a Bachelor of Science 
in Mechanical Engineering from the Uni-
versity of Toronto and a Master’s in Business 
Administration from the Rotman School of 
Business.

vice president of Flextronics’ ad-
vanced engineering group, Murad 
Kurwa, profiles the functions and 
operational objectives of his group, 
which include new and evolving 
services in the area of signal integ-
rity analysis and verification, in the 
company’s ongoing effort to better 
serve customer needs.

Flextronics Meets SI Needs for Customers

Video Interview

by Real time with...iPC aPeX eXPo 2012

tion systems and follows the same standardized 
processes and direction. Copy exact allows for 
a seamless and timely transition of production 
between facilities helping customers reach their 
cost and volume targets faster. This methodolo-
gy allows us to provide a consistent service from 
each location.

Currently we see our San Jose and Toronto 
locations providing the customer entry point 
for most medical customers, with a Mexico pro-
viding regional cost reduction for North Ameri-
ca medical OEMs.

Smt: in which regions do you see de-
mand for medical electronics devices growing  
rapidly?

blom: We are currently seeing large demand 
from within the United States and Canada. The 
adaptation of new technological advances and 
government R&D support programs is helping 
with this rapid growth.

Smt: any final comments?

blom: We are thrilled to be working within 
this segment as the medical device market con-
tinues to grow and expand at a rapid rate. In-
vestments we have made over the years in copy 
exact supply chain and manufacturing systems 
has helped to excellently position our service 
offering for medical OEM customers.  SMT
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SummAry: what are the latest developments, 
initiatives and technologies found in the booming 
medical electronics device industry? nortech Sys-
tems’ director of Business development dave Kuk-
linski tells Smt magazine in this informative inter-
view.

In an interview with SMT Magazine, Dave 
Kuklinski, director of business development for 
EMS firm Nortech Systems, discusses the latest 
developments in, and initiatives and efforts of, 
his company to address the growing opportuni-
ties and widen Nortech’s presence in the medi-
cal electronics field. 

Smt magazine: What opportunities in the 
medical electronics industry exist for Nortech 
and how big is the segment for your company?

dave Kuklinski: Overall, 29% of Nortech’s 
business is related to the medical industry, which 
includes both wire/cable and EMS. The EMS por-
tion is probably closer to 10 to 12% of our over-
all business and it’s the fastest-growing segment.

We’re pursuing opportunities in both the 
Tier 1 and Tier 2 OEM environments—PCBAs 
and medical devices or subassemblies. Our 
quality systems support the build of both Class 
II and III medical devices and PCBAs. We also 
have extensive experience with the regulatory 
requirements related to the manufacture of 
medical devices and PCBAs.

We’re going after new products coming on 
the market. We’ve developed a specific strategy 
for supporting the start-ups developing many 
of the new and innovative medical devices to-
day. It’s estimated that smaller companies are 
responsible for between 60 to 75% of the new 
devices coming onto the market. We’ve devel-
oped a package of engineering services designed 
to help these start-ups. We can augment their 
resources, helping them bring their products to 
market quickly and at the necessary cost point. 
We can support them from a design standpoint, 
with both PCBA layouts and device design work. 
We have strong capabilities in those areas.

And we also offer engineering services from 
the device manufacturing set-up, documenta-
tion management, and supply chain establish-
ment, to supporting the product through the 
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FDA and other regulatory hurdles and finally 
into the market.

Smt: How was the medical electronics busi-
ness for the company last year? How do you see 
the market developing this year and the next?

Kuklinski: Nortech really started getting into 
the medical electronics business on the EMS 
side with the acquisition of Trivirix Interna-
tional Corporation in May 2010. Since then, we 
have improved the capabilities of that facility 
by investing in sales and marketing.

We’ve also integrated Winland Electronics, 
acquired in January 2011, which is another ISO 
13485 facility experienced in medical devices. 
It took time to integrate those into the Nortech 
family, while also beefing up the management 
and technical teams in both organizations. As a 
result, 2011 did not see a lot of growth while we 
were solidifying our business to be successful in 
this market.

Now we’re pleased to be seeing a number 
of opportunities. Our pipeline looks very good 
and we’ve got a number of proposals out there. 
Already in 2012 we closed on three very nice 
projects for electromechanical medical devices. 
We’re optimistic about the future. We’re start-
ing to see a lot more happening in the market-
place—more activity and more opportunities. I 
credit the investments and improvements I de-
scribed, along with the overall economy, to this 
success.

While we’re fully committed to the industri-
al and defense markets, medical is our number-
one corporate focus because of the growth po-
tential. We’re currently evaluating which of our 
other corporate facilities will pursue ISO 13485 
certification for wire and cable. Then we’d have 
the full medical offering—boards, wire and ca-
ble, and devices.

Margins are not necessarily better than in 
other markets, but EMS firms find the medical 
growth and stability attractive. Once you win 
medical device business, you’ll likely keep it be-
cause customers find it cost-prohibitive to move 
around.

Smt: What are the main drivers for growth 
when it comes to medical electronics?

Kuklinski: I see four main drivers for growth:

• Demographics – The aging population 
increases the demand for devices to support 
the prevention, treatment, and management of 
chronic diseases. 

• Globalization – Growing demand from 
emerging markets and economies. 

• Outpatient and home-based care – 
Devices designed for patients to administer 
their own care, without needing a medical tech-
nician or doctor visit. Types of systems might 
include drug delivery and patient monitoring.

• Convergence across products – For 
example, drug-delivery devices and diagnos-
tics are combined into one device. Informa-
tion technology is making an impact too: We’re 
working on devices that can deliver monitoring 
information to a localized server that sends re-
ports to the physician.

We’re seeing a lot of opportunities in these 
segments. We’re already enjoying relationships 
and/or business activity with a diverse group of 
customers. Our location is a hotbed for medical 
device OEMs and innovation, with many major 
players located in Minnesota.

Smt: What are the biggest challenges when 
it comes to process requirements in the seg-
ment and how does Nortech address these is-
sues?

Kuklinski: RoHS requirements are a chal-
lenge because they’ve impacted the markets for 
PCBAs and components. As many non-RoHS 
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components are going obsolete, we’re spending 
time on obsolescence reviews and substituting 
RoHS-compliant components. Initial compo-
nent selection is crucial—both for availability 
and RoHS reasons. We don’t want to be in the 
position where something’s gone obsolete and 
we don’t have enough supply to satisfy custom-
er requirements.

For managing obsolescence, when we’re 
engaged with an emerging customer or prod-
uct, we could be building just a handful of 
parts or devices. From that point until we move 
into higher-level production could be several 
months or a year. There’s a fine balance in se-
curing the right quantity of parts at the proper 
time while watching obsolescence and manag-
ing the supply chain.

We have software tools we use to help us 
manage this process, to examine each compo-
nent that’s on a customer’s PCBA and under-
stand its product life cycle, so we can look at 

alternatives when necessary. We carefully moni-
tor and manage our customers’ BOMs to make 
sure we’re alerting them early and often about 
changes in component availability.

In some cases, we’ll do last-time buys on 
components and then help a customer re-lay-
out and redesign their boards. This buys time 
until the new necessary replacement compo-
nents can be incorporated. Depending on the 
device’s classification, a component change on 
an approved BOM can be a big deal—impact-
ing timing, costs and product flow. Additional 
regulatory filings may be required, particularly 
for Class III devices. We’ve got a number of dif-
ferent strategies for managing this process and 
customers find our expertise very helpful.

Smt: in relation to the previous question, 
among the biggest issues in medical electronics 
assembly is the relevant certifications required 
for emS companies. Please give your thoughts 
on this and cite the international standards 
certifications acquired by Nortech.

Kuklinski: We have the obvious certifica-
tions, ISO-9001 and ISO-13485, and we’re also 
FDA registered. I don’t know why a prospective 
customer would choose an EMS firm without 
these capabilities and background. It’s like a 
stamp of approval.

Beyond passing the necessary examinations 
and audits, however, we also bring the years of 
experience and knowledge we’ve accumulated. 
That high level of understanding is the key to 
success with medical devices. Customers need 
someone who fully comprehends the regulato-
ry environment and helps them anticipate and 
resolve potential problems quickly.

It’s easy for EMS companies out there to say, 
“We do medical devices,” and we see new com-
petition whenever other market segments get 
slow. But there is a lot of regulatory and quality 
expertise necessary to properly build and sup-
port the building of medical devices and PCBAs.

Smt: How does the company ensure parts 
are high-reliability components?

 
Kuklinski: We have partnerships with estab-

lished Tier 1 component distributors and direct 
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component manufacturers. We avoid broker 
buys due to potential counterfeit risks.

Smt: What are the latest trends in medical 
electronics assembly? do new manufacturing 
strategies exist?

Kuklinski: Our FOCUS Initiative is Nortech’s 
Lean/Six Sigma program, and we’re using 
many Lean tools to make us more efficient and 
smarter, helping to reduce cost. Six Sigma tools 
help eliminate variability in our processes. The 
overall goal is continuous improvement. We 
often partner with customers in these efforts. 
On a recent board project, our customer’s engi-
neering team participated with our production 
team on the manufacturing floor to develop 
and monitor the process.

The medical device market has become 
more competitive in recent years, with more 
pressure on margins. Customers are much 
more cost-conscious today. They want part-
ners who are using Lean and Six Sigma tools, 
providing on-time shipments, quality, and 
first-time acceptance rates at 99.8% or better.

Smt: How different is manufacturing for 
a medical electronics customer as compared 
with any other market segment?

Kuklinski: At Nortech Systems, we strive to 
build quality into everything we make and the 
same applies to our high standards of service 
and delivery. Our approach to process devel-
opment, process management, and Lean man-
ufacturing is pretty similar across all segments. 

For medical customers, a big difference is the 
traceability and documentation requirements. 
We have to trace all the components and serial-
ize all the boards.

Smt: What persistent challenges do you 
think will continue to face emS companies ca-
tering to the medical electronics market?

Kuklinski: Cost challenges and new com-
petitors will always exist, whether established 
players or emerging contract manufacturers. 
Probably the biggest challenge is staying on 
top of the Obama administration’s impact and 
the evolving regulatory environment. The FDA 
is more active lately, changing regulations on 
the PMA and 510(k) processes. Other possibili-
ties include a flat tax on medical devices. No 
one knows what the ground rules will be in six 
months or a year…it’s a moving target.

Smt: on a global perspective, which re-
gions do you see demand for medical electron-
ics growing rapidly?

Kuklinski: The focus is shifting away from 
the U.S. and Europe to emerging markets  
like India and Asia. If you look at the major 
medical OEMs here in Minnesota, for example, 
many have brought in new management teams 
with strong experience marketing products in 
these regions. Those areas have the strongest 
growth.  SMT

david Kuklinski is director of busi-
ness development with nortech 
Systems inc., a full-service eMS 
provider headquartered in  
Wayzata, Minnesota. He joined 
nortech with the acquisition of 

winland electronics’ eMS operation in January 
2011. at Winland, he served as vice president 
of sales and marketing. Kuklinski has a 20-plus 
year career in the eMS industry, including 
senior customer/program management, engi-
neering management, and business develop-
ment roles with Solectron, Jabil circuit, and 
Benchmark electronics. He can be reached at 
dkuklinski@nortechsys.com.
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SummAry: the entire medical semiconduc-
tor market has largely followed the same ups and 
downs as the rest of the semiconductor industry, 
with total shipments declining slightly in 2011 
after spiking in 2010. however, over the next sev-
eral years, the market is projected to grow, with 
demand spurred on by a wave of new government-
approved ultra-portable and implantable products 
and booming regional demand.

Despite claims to the contrary, the medical 
electronics semiconductor market has hardly 
been recession-proof, especially with regard to 
the high-volume home medical segment. In 
fact, the entire medical semiconductor market 
has largely followed the same ups and downs 
as the rest of the semiconductor industry, with 
total shipments declining slightly in 2011 af-
ter spiking in 2010. Also, for 2012, year-to-
year growth should be much in line with the  
previous year. However, over the next several 
years it is projected that this will continue to be 
a high-growth market, with demand spurred on 
by a wave of new government-approved ultra-

portable and implantable products and boom-
ing regional demand from emerging areas such 
as Brazil, Russia, India, and China (BRIC), as 
well as sustained demand from more mature re-
gions such as the EU, Japan, and the U.S.

While innovation is crucial in this market, 
medical electronics must be primarily designed 
for the long term, with many applications re-
quiring long-life platforms that are available 
for 10 years or more. With this in mind, sys-
tem developers must select those components 
that will not only have a life cycle through the 
longer-than-usual design cycle (which can ex-
ceed 12 months), but also through a potentially 
lengthy FDA approval and as many as 10 years 
of production. Safety and reliability are two 
other features that must be included in compo-
nent designs, as failure could have potentially 
life-threatening repercussions for the consumer. 
Finally, chip suppliers must also contend with 
the high operating and R&D costs, rising com-
petition, and stringent government regulations 
in this industry. But despite these restraints, the 
medical market will continue to be a lucrative 
and fast-growing source of sales for those firms 
that choose to remain.

The most prevalent area of innovation in-
cludes portable medical electronics, in which 
most products are currently going through 

2012 Medical devices 
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lengthy governmental approvals. Many of these 
items, such as the new Withings Blood Pressure 
Monitor, are meant to improve patient monitor-
ing while they are separated from physicians. 
The Withings monitor is on the leading edge of a 
large group of medical devices that will be aimed 
at keeping a large amount of real-time statistics 
for physicians to analyze. A majority of these in-
novations are being integrated into cell phone 
applications to improve accessibility. This adop-
tion of portable monitoring equipment is con-
tributing to the growth in medical sensors rev-
enue. The sensors and MEMS segment will likely 
experience a 9% compound annual growth rate 
(CAGR) over the next five years.

The high level of innovation currently tak-
ing place in the mobile computing and smart 
phone market is having a trickle-down effect 
on the implantable medical market. Specifical-
ly, advances in IC miniaturization/integration, 
lower power operation and architectures, and 
a greater cost savings are being extended into 
the implantable industry. For example, spe-
cialty semiconductor supplier Cactus Semicon-
ductor, a specialist in the design of ICs for both 
implantable and portable medical devices, re-
cently partnered with Freescale Semiconductor 
to focus on the design of SoCs specifically for an 
innovative new generation of active implant-
able medical devices (AIMDs). While the market 
for implantable medical products still isn’t very 
large, $352 million by the end of 2012, it is ex-
pected to experience rapid growth with a 10% 
CAGR over the next five years.

The microcontroller (MCU) segment is also 
a strong growth market with regard to medi-
cal semiconductor revenues. Specifically, most 
medical suppliers favor 16-bit and 32-bit MCUs 
more than their 8-bit counterparts, due to 
their higher performance benefits and, in re-
cent years, rapidly falling costs. It is expected 
that revenue for microcontrollers in the medi-

cal market will reach $505 million in 2012. Re-
cent MCU products for this market include the 
new Kinetis L series from Freescale, announced 
in March 2012, which is targeted specifically 
at portable medical systems. This MCU family 
combines the peripheral sets, enablement, and 
scalability of the existing Kinetis line of 32-bit 
MCUs while leveraging the inherent low-power 
and high-performance features of the ARM Cor-
tex architecture. This product exemplifies the 
overall semiconductor industry trends that also 
are in the medical market, namely, moving to-
ward smaller and more precise energy-efficient 
chips.

Sensors are another high-growth segment, 
and growth rates here only trail the MCU and 
optoelectronics markets. Optoelectronics, in-
cluding LEDs and optocouplers, leads the medi-
cal market with an 11% CAGR and is expected 
to reach $255 million by the end of 2012. In-
novations in the imaging sector, such as Phil-
lips’ recently FDA-approved combined PET/MRI 
scanner, are in high demand because of their 
flexibility and cost-saving attributes. On the 
distant horizon, technologies such as the in-
tegration of CLI technology into endoscopes, 
which can increase resolution of PET scans, 
will make a dramatic impact in optoelectronics. 
Semiconductor suppliers would be wise to take 
advantage of chips and innovations in medical 
optoelectronics because it’s the market’s stron-
gest growth segment and there are multiple ICs 
that are required to be used in conjunction with 
the specialized optoelectronics products.

In terms of regional trends, the U.S. remains 
the single largest market for medical electronics 
spending. Even so, the country still boasts some 
of the highest health care costs in the world 
which result from its higher administrative and 
care costs, while in most other advanced coun-
tries health care prices are lower through gov-
ernment regulations. However, 2012 will mark a 

Table 1: Worldwide medical semiconductor market forecast.
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major shift for the U.S. healthcare market which 
will come as a result of the enormous pressures 
to cut costs, improve care, and prepare for the 
changes tied to the upcoming federal healthcare 
overhaul. Specifically, the recently passed fed-
eral legislation, which creates new health insur-
ance marketplaces and requires most people to 
carry coverage, could lead to a spike in demand 
for health care once it takes effect in 2014. And 
even if the U.S. Supreme Court ultimately un-
winds part of the law, the industry-wide chang-
es that are now occurring will likely continue 
on as the increased pressures to reduce prices in 
health care coverage will persist.

In response, many major care providers are 
changing their roles, while many hospitals are 
increasing spending, building up extensive new 
doctor workforces, or increasing their mergers 
and acquisitions (M&A). For example, in Octo-
ber 2011, Cigna, a major global health services 
company, announced that it would pay $3.8 
billion to buy HealthSpring, which effectively 
gives it a foothold in the booming senior-citi-
zen and Medicare markets. Meanwhile, to pre-
pare for any changes to the U.S. healthcare pay-

ment system, many medical insurance agencies 
are purchasing healthcare providers or produc-
ing new cooperative deals and payment models 
that can help share the risks of health coverage. 
It is reasoned that this general industry con-
solidation will eventually benefit patients by al-
lowing a single, large organization to deliver a 
broader range of care in more locations.

Europe is another high-value regional mar-
ket for the medical device industry, as three of 
the five top countries for medical device spend-
ing are in Western Europe and include Germa-
ny, France, and the UK. Two major factors are 
affecting this region in 2012. For one, in the 
short term, this market is being influenced by 
the European fiscal crisis, as this region is domi-
nated by trade between EU members. In fact, 
imports account for more than three-quarters 
of the medical device market in the EU, most of 
which are produced by neighboring members. 
Reduced consumer demand will particularly 
affect Germany, the region’s largest economy, 
which relies heavily on European demand for 
its medical products. However, it is expected 
that as austerity measures take effect and the 

2012 MEDICaL DEVICES OUTLOOK continues

Figure 1: 2012 worldwide medical semiconductor revenue share by product type. databeans estimates
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macroeconomic environment improves in the 
second half of 2012, the European device ex-
port market should likewise improve.

The other major factor affecting Europe’s 
market growth is potential changes in 
the regulatory environment or 
government measures which 
are expected to happen over 
the next year. This was 
spurred on after a safety scare 
over faulty silicone breast 
implants in late December 
2011 from French firm Poly 
Implant Prothese (PIP), after 
which, the French govern-
ment called for tighter regu-
lations of the medical device 
industry in Europe. The scare 
also prompted several other govern-
ments, including England, Australia, and Co-
lumbia, to call for similar actions. At the same 
time, the EU’s health chief blamed the situation 
on Europe’s weak regulations on medical devic-
es, and in February 2012 called for an urgent 
review of the 70 to 80 regulatory agencies that 
are responsible for approving high-risk medical 
devices in Europe, most of which are manu-
factured by private companies. This situation 
could end up having a major impact on the Eu-
rope’s medical devices market in the future, as 
the European Commission is scheduled to re-
view its Medical Devices Directives in the first 
half of 2012, and could end up creating deeper-
than-anticipated reforms for the sector.

China, despite its huge population, is still 
relatively meager with regard to medical device 
spending per citizen; however, this is rapidly 
changing. In January 2012, the Chinese Min-
istry of Industry and Information Technology 

(MIIT) unveiled its latest Five-Year Plan, which 
illustrates key objectives related to government 
investment in the pharmaceutical and medi-
cal device sectors. Specifically, the MIIT has 

pledged to increase the gross industrial 
output of its drug and medical 

device industries by 20% an-
nually, with a major emphasis 
on export and push for the 
development of more than 
50 Chinese made medical 
devices to be designed this 
year. Domestically, China’s 
medical device market is ex-
pected to boom thanks to a 
growing middle class, an in-

creased standard of living, and 
incentives and reforms coming 

from the public sector. In particular, 
there will be strong demand from Chinese hos-
pitals, which will result from larger purchasing 
budgets and planned infrastructure upgrades. 
This is expected to not only benefit local manu-
facturers, but foreign manufacturers as well, as 
multinational companies currently dominate 
the Chinese market, led by players such as GE, 
Medtronic, Johnson & Johnson, Phillips, and 
Siemens Healthcare. Many smaller internation-
al players are expected to make a major push 
into this growing market in 2012, as compliance 
with the quality system requirements of foreign 
nations is also accepted in China. However, de-
vice classification in China is not as straightfor-
ward of a process and end up requiring greater 
investments in time and money. Also, while do-
mestic suppliers have a smaller presence, they 
too are increasingly competitive thanks to the 
passing of favorable government tax benefits.

Beyond the numerous product innovations 

Table 2: Worldwide medical semiconductor revenue forecast by region.
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and regional constraints, there are still many 
challenges in the medical market, and despite 
its high growth rates, the market has been af-
fected by macro factors that have also influ-
enced the consumer and computing markets. 
Namely, generally weak demand and slowing 
shipments have led to excesses in IC inventory 
supply and caused manufacturers to slash their 
capacity to salvage their margins. This factor is 
the main reason year-over-year (YoY) growth 
in the medical segment was weaker than usual, 
at only 2% YoY for global revenue and flat in 
terms of shipments. What’s more, despite in-
novation, the medical market continues to face 
unique governmental regulation and approval 
process factors that force product engineers to 
attempt to plan for potential trends years in 
advance. Finally, as wireless networking takes a 
bigger role in mobile medical equipment and 
monitoring devices, consumers are also becom-
ing concerned with potential privacy issues. Al-
though it is not currently a major problem, this 
is something that OEMs must keep in mind in 
the near term when designing consumer medi-
cal devices.  SMT

Matthew Scherer, a semicon-
ductor market research analyst 
at research firm databeans inc., 
received his bachelor’s degree 
in english with an emphasis 
on Technical Writing from the 

university of nevada, reno. He has worked in 
the semiconductor analysis industry for four 
years, tracking the latest trends in all major 
IC categories and end-markets. However, he 
is primarily focused in consumer electronics, 
audio, industrial, and embedded markets. 
Scherer also publishes a monthly newsletter 
for databeans inc.  
 

Brice esplin is marketing man-
ager for databeans inc., a  
market research firm focused 
on the semiconductor and elec-
tronics industry, and a compre-
hensive source of information 

throughout semiconductor product catego-
ries and markets. for more information,  
e-mail brice@databeans.net.

Computer chips have stopped getting faster. 
To keep increasing chips’ computational power at 
the rate to which we’ve grown accustomed, chip-
makers are instead giving them additional “cores,” 
or processing units.

Today, a typical chip might have six or eight 
cores, all communicating with each other over a 
single bundle of wires, called a bus. With a bus, 
however, only one pair of cores can talk at a time, 
which would be a serious limitation in chips with 
hundreds or even thousands of cores, which many 
electrical engineers envision as the future of com-
puting.

li-Shiuan peh, an associate professor of elec-
trical engineering and computer science at MIT, 
wants cores to communicate the same way com-
puters hooked to the Internet do: By bundling the 
information they transmit into “packets.” each 
core would have its own router, which could send 

a packet down any of several paths, depending on 
the condition of the network as a whole.

at the design automation conference in June, 
Peh and her colleagues will present a paper she 
describes as “summarizing 10 years of research” 
on such “networks on chip.” not only do the re-
searchers establish theoretical limits on the effi-
ciency of packet-switched on-chip communication 
networks, but they also present measurements 
performed on a test chip in which they came very 
close to reaching several of those limits.

Peh and her colleagues have developed  
two techniques: one is something they call  
“virtual bypassing; the other technique is called 
low-swing signaling. The researchers have 
more work to do, Peh says, before their test  
chip’s power consumption 
gets as close to the theoretical 
limit as its data transmission 
rate does. But, she adds, “if 
we compare it against a bus, 
we get orders-of-magnitude 
savings.”

Chips as Mini Internets
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Top Ten Most-Read Supplier/ 
New Product Highlights
Henkel Develops Electrically-Conductive
adhesive 
Henkel electronic Materials has developed an electri-
cally-conductive adhesive (eCa) that overcomes the 
drawbacks of older generation eCas and extends the 
material’s advantages to multiple applications. hySol 
eccoBond ce 3103wlv provides contact resistance 
stability on surfaces such as oSp copper and Sn al-
loys—metals which have previously been challenging 
for eCas.
 
SigmaTron Implements
agilent Solutions 
SigmaTron says the new agilent solutions help the 
company meet a wide range of test requirements, in-
cluding stringent cost, quality, and shipping targets. 
This has enabled SigmaTron to expand its business 
amid a challenging and uncertain worldwide econo-
my. The company says the usage of multiple test solu-
tions is a key strategy for their business.
 
Onodera to Lead Business
Development in Japan for ECT 
Hidenori onodera joined everett Charles Technolo-
gies (ecT) in January as the company’s new Business 
development Manager overseeing new business de-
velopment activities in Japan. In his new role, he will 
report to Chan Pin Chong, President of eCT, and will 
work with the r&d and engineering departments.
 
Fuji Unveils NxT IIc Machine 
The nXT IIc is a modular scalable placing platform 
just like the nXT II, but manages to squeeze the same 
advanced mounting technology into an even more 
compact body. The result is a performance of 59,000 
cph per square meter. The nXT IIc machine is ideal for 
assembling PCBs for a variety of products, especially 
those found in many of today’s mobile devices.
 
avnet to acquire
ascendant Technology 
“avnet’s acquisition of ascendant Technology is ex-
pected to accelerate our global solutions distribution 
model,” said phil gallagher, global president. “it sup-
ports our strategic focus on enhancing our services 
and software capabilities to drive growth for our sup-
pliers and value-added resellers.”

New aLPHa® LED Materials Featured
at Strategies in Light 
alpha will introduce its new line of led specialty ma-
terials technologies at the Strategies in light expo & 
conference, May 22-24, 2012 in Shenzhen, china. 
These new product technologies reach across levels 
one through five of the led lighting system manufac-
turing process: die attach and package, package on 
board, luminaire module, power driver/supply, and 
control systems.
 
LPKF Demos Latest Laser Tech
at SMT Nuremberg 
The SMT in nuremberg has traditionally been an im-
portant trade show for lPKf. This year laser systems 
will be shown on three stands and a world premiere 
will demonstrate lpKF’s innovative power as the 
specialist in micro material processing with lasers. 
 
Henkel Expands MaCROMELT Portfolio 
MaCroMelT MM6208, has all of the inherent bene-
fits consistent with MaCroMelT technology, but has 
a high (95°C) relative temperature index (rTI) rating 
making it ideal for certain automotive, consumer, and 
appliance applications where a very high rTI rating is 
required for good thermal stability. The product car-
ries the highest rTI rating in its class of materials.
 
Totech Displays Super Dry Oxidation-Free
MSD Cabinets 
Super dry by Totech has launched an oxidation and 
inter-metallic-free alternative to oven baking of mois-
ture-sensitive components and PCBs that will be on 
display at the upcoming del Mar electronics and de-
sign Show. The Super dry XSd cabinets can dry pcBs 
and other moisture sensitive devices at high speeds 
without the oxidation and inter-metallic growth in-
duced by baking.
 
Manncorp Expands Website;
adds PCB Cleaners Section 
Manncorp has expanded its website section dedicat-
ed to PCB cleaners. Included are updates of existing 
models and a new inline board cleaning and deflux-
ing system for water-soluble fluxes that combines 
higher throughput with exclusive operational and 
ecological benefits.
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by Martin Nicholson
TeKnofleX

What the 
Doctor 
orDereD

SummAry: As in many other technology areas, 
the medical industry now demands smaller, light-
er, and more functional products. the demand for 
higher levels of interconnect and packaging den-
sity increases have driven technology into increas-
ingly complex, sequentially-laminated flex-rigid 
multilayers, microvias, and associated reduction in 
track and gap geometries.

Since the 1950s, the global medical devices 
and equipment industries have followed the 
general trends in electronics to smaller, lighter, 
more functional products while retaining the 
absolute requirements for safety and reliability.

As product envelopes shrink and compo-
nent densities increase, the demands on inter-
component and inter-board wiring to occupy 
less space and add less weight have continued 
relentlessly.

The Solution
Flexible circuit technology offers a range of 

complexity options to suit most requirements 
from simple single-layer interconnects requir-
ing only one layer, but nevertheless being very 
thin and flexible, through to complex multi-
layer structures providing high-density compo-
nent support and associated interfaces within 
the final assembled unit.

m e d i c a l  e l e c t r o n i c s
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The demand for higher levels of intercon-
nect and packaging density increases have driv-
en the technology into increasingly complex, 
sequentially-laminated flex-rigid multilayers, 
microvias, and associated reduction in track 
and gap geometries.

In addition to the mainstream flex and 
flex-rigid multilayer technologies, a number of 
peripheral, but important, technologies have 
emerged over the years including sculptured 
circuits, regal flex circuits, multi-chip modules 
and all the associated developments in through-
hole and surface-mount assembly with ever-de-
creasing pitch devices.

Whilst each and every one of these tech-
nologies has its own market position and appli-
cations, there are instances where the solution 
to a complex interconnection and packaging 
requirement can only be satisfied by a highly-
customised combination of these technologies 
into what can best be described as a hybridised 
interconnection system.

advantages
The major advantages of deploying a flex 

circuit solution include:

• Space saving; 
• Low mass;
• Reliability; 
• Repeatability; and
• Cost effectiveness.

All are generally applicable in the medical 
market yielding benefits in performance and 
patient comfort.

Circuit Technologies

Flexible Circuits
As the name implies, these products are nor-

mally single, double-sided or multilayer circuits 
comprising a dielectric film, typically polyim-
ide or polyester, containing copper on one or 
both sides, which is configured through a photo 
imaging and etching process to derive the nec-
essary conductor geometry for a given applica-
tion.

Double-sided circuits normally have plated 
through-holes and both single- and double-sid-

ed circuits usually feature conductors protected 
by a printed covercoat or bonded coverlay, and 
may also have rigidised sections for component 
mounting, etc.

Multilayer flexible circuits are effectively a 
combination of the above with three or more 
conductor layers progressing up to eight to 10 
layers. It should be noted that as the layer count 
increases the flexibility of the finished circuit 
decrease. However, there are design features 
which can be deployed to reduce this effect if 
bend requirements are an important considera-
tion.

 
Sculptured Circuits

Sculptured circuits are differentiated from 
flexible circuits by having variable copper 
thicknesses within the circuit conductor pat-
tern. This enables the conductors to be thicker, 
for example, where robustness, rigidity, unsup-
ported fingers, or high current-carrying require-
ments must be met and thinner copper where 
flexibility of the circuit is required.

The heavy copper employed has two main 
functions:

Figure 1: Summary of potential flexible circuit 
technology uses in medical electronics applica-
tions.

m e d i c a l  e l e c t r o n i c s
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1. To enable mechanically robust features to 
be incorporated into the circuit; i.e., eliminat-
ing a connector and additional interconnects.

2. To enable the circuit to carry higher  
current.

For power circuits, the capability of carry-
ing 100 amps or more is possible using sculp-
tured flex technology. Termination pads can be 
left at full thickness, enabling raised 
contact points or formed fingers 
to be produced, which can be 
suitably plated and used as 
points of interconnection 
with other circuits creating 
novel, low-profile connec-
tor technologies. These have 
already been utilised widely 
in many demanding applica-
tions. For high-energy appli-
cations, such as medical im-
aging equipment and power 
control devices, this technol-
ogy can be particularly use-
ful for designers.

For reasons associated 
with the manufacturing proc-
ess, sculptured circuits have 
previously been restricted to 
single-layer constructions which have, 
in some instances, proven to be a limiting fac-
tor in the design. Teknoflex has developed the 
capability of producing double-sided plated 
through-hole sculptured circuits and a tech-
nique combining sculptured circuits with flex-
ible circuits, thus mixing signal and power ca-
pabilities in one circuit.

Flex-Rigid Multilayer (FRM)
As the name implies, FRMs are a combina-

tion of layers of flexible circuitry and rigid cir-
cuitry bonded together in the manufacturing 
process to produce often complex products 
with many levels of interconnection and high 
packaging densities. The circuits often have a 
number of multilayered areas, with the flex-
ible inner layers providing the means to con-
nect between these areas in a foldable, three-di-
mensional configuration. The lamination of the 
multiple layers of circuitry is usually performed 

using a combination of pre-preg bond films and 
rigid caps with circuit layer counts frequently 
exceeding 10. Blind and through vias can be 
created at the inner or sub-multilayer stages and 
plated through to increase the connection den-
sity, provide screening layers or power or ther-
mal planes.

Many construction options are available for 
FRMs which utilise both FR-4 and polyimide/

glass-rigid or high-speed/frequency 
laminates in conjunction with 

adhesive or adhesiveless flexi-
ble laminates. The most com-
mon structure used today 
is based upon a polyimide/
adhesive/copper foil flexible 
base laminate. Typical ad-
hesives are acrylics, epoxies, 
and, for higher performance 
applications, adhesiveless 
flex circuit materials can be 
used.

Rolled annealed (RA) cop-
per foil is common with the 
adhesive based laminates, 
whilst electrodeposited foil is 
common with the adhesive-

less laminates.
The processes involved in the 

production of FRMs are of course simi-
lar to those used in the manufacture of regular 
flexible circuits.

Regal Flex
This technology was developed as a solution 

to the problems associated with the phenome-
na known as barrel cracking in high-layer-count 
FRMs (greater than eight layers).

Whilst the processes involved in manufac-
turing high-layer-count regal flex circuits are 
similar to those used in the manufacture of 
FRMs, the technology is differentiated in that 
there are no polyimide or acrylic materials in 
the multilayer area. It is these materials which, 
for reasons associated with their high coeffi-
cients of expansion and moisture absorption, 
give rise to the aforementioned barrel cracking 
phenomena.

By eliminating these materials from the 
multilayered areas, these problems which usu-

Whilst the processes 
involved in manufacturing 

high-layer-count regal 
flex circuits are similar 

to those used in the 
manufacture of fRms, 

the technology is 
differentiated in that 

there are no polyimide 
or acrylic materials in 
the multilayer area.

“

”
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ally occur during connector or component as-
sembly are eliminated.

Modular Flex
Modular flex is a technique which involves 

the use of all the above technologies together 
with perhaps multilayer rigid circuits to pro-
duce an interconnection system which can be 
fully assembled when delivered to the customer 
or can be supplied as individual piece parts for 
assembly by the customer or their chosen sub-
contractor.

This approach is more than just an alterna-
tive to a single complex flex-rigid multilayer in 
that it offers the user the consider array of bene-
fits provided by all these different technologies.

The most significant of these are:

• Use of thin substrate single- or double-
   sided flexis made with the most 
   appropriate and ductile copper to achieve 
   maximum flexibility and highest density 
   of conductor geometry.
• Use of sculptured circuits for robust 
   interconnection points, unsupported 
   features and maximum current carrying 
   capability.

• Use of flex-rigid multilayer or regal flex 
   technology to achieve the most 
   desirable interconnection routing and 
   component mounting.
• Use of pin-flex technology for reliable, 
   robust, and replaceable interconnections.
• Infinite scope for redesign and “in service” 
   repair, etc.

The total flexibility and adaptability of a 
modular flex approach makes this technique 
attractive to many market sectors and applica-
tions.

Hybridised Interconnections
As will be apparent to the reader, all the 

above technologies have their applications and 
offer their unique benefits.

There are, however, occasions where a par-
ticular interconnection and packaging prob-
lem demands the design and construction of a 
unique circuit in which a combination of the 
above technologies are brought together in a 
fully bonded, hybridised construction. Exam-
ples of this include circuits that are required to 
carry both signal and heavy current capability. 
Also, there are instances where the number of 
soldered or mechanical interconnections must 
be minimised for reasons of reliability or pack-
aging density, or where there is perhaps a need 
for a high level of robustness or rigidity in one 
or more of the “flying tails” extending from a 
multilayered area.

These constructions can therefore be a com-
bination of flex-rigid multilayer technology 
with pin-flex circuits and sculptured circuits 
bonded as inner layers into the package and 
fully plated through.

The design of these products is highly spe-
cialised with considerable consideration need-
ing to be given not only to the mechanical and 
electrical performance of the finished product, 
but to the complexities involved in the manu-
facture of the circuit itself.

Medical applications
The use of flexible circuits in medical equip-

ment as simple interconnects, as component 
carriers, or both, are mainly limited by the de-
signer’s imagination. Typical applications in 

m e d i c a l  e l e c t r o n i c s
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which flexible circuit technology is currently 
used include:

• Pacemakers/defibrillators;
• Blood/urine analysers;
• Drug delivery systems, including syringe 
   drivers/infusion pumps;
• Surgical equipment and tools;
• Medical and dental X-ray equipment;
• Patient monitoring equipment;
• Medical prosthetics;
• Sports injury treatment/diathermy;
• Hearing aids;
• Endoscopic cameras; 
• Surgery/operating room lighting and 
   cameras; and
• Antennae.

As can be seen from the above list, the spec-
trum of available flexible circuit technologies is 
sufficiently wide to provide an ideal platform 
for many medical electronics applications. 

In summary, the use of flexible circuits as an 
interconnect approach in this market can facili-
tate the following key benefits for medical devices:

• Greater integration;
• Higher reliability;
• Improved packaging density;
• Improved current capability;
• Cryogenic performance;
• Direct component attachment;
• Simplified device assembly by reducing 
   the number of technologies employed;
• Better patient comfort; and
• Lower mass.  SMT

Saturn electronics’ vice presi-
dent perry Sutariya discusses 
high-reliability concerns of 
eMS buyers with guest edi-
tor Steve gold. Sutariya also 
explains how his company is 
working toward eliminating 
reliability issues even beyond 
IPC specifications.

Saturn alleviates Reliability Concerns 

Video Interview

by Real time with...iPC aPeX eXPo 2012

realtimewith.com

Martin nicholson is applica-
tions engineering manager at 
Teknoflex limited, chichester, 
uK. He graduated in 1975 with 
a degree in Physics, Math and 
electronics and subsequently 

held a number of positions in technical sales 
and applications engineering. He joined 
Teknoflex in 1991 and is currently respon-
sible for the technical oversight of new busi-
ness opportunities.
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SummAry: the amount of unwanted corre-
spondence and solicitations purchasing profession-
als get on a daily basis is enough to issue a restrain-
ing order for stalking. the non-stop onslaught of 
marketing and begging for business seems go on 
forever. But there’s hope. doing some quick online 
investigating and asking the proper questions can 
save you from potential supply chain disasters.

The cold calls never seem to stop. You have 
a stack of line cards on your desk thicker than 
the extended version of War and Peace. Then 
there’s always those creepy, overly friendly and 
persistent e-mails from a distributor you talked 
to six months ago who just won’t get the hint. 
The amount of unwanted correspondence and 
solicitations purchasing professionals get on a 
daily basis is enough to issue a restraining order 
for stalking. Whatever it may be, the non-stop 
onslaught of marketing and begging for busi-
ness seems go on forever when it comes to the 
amount of independent distributors within the 
electronics manufacturing industry and buyers 
should choose wisely.

It’s apparent why all types of OEM and EMS 
providers choose the crème de la crème of fran-
chised component distribution—Arrow, Avnet, 
and Future Electronic—to ratchet in fair pric-
ing, favorable schedules, in-house stores, engi-
neering support, and quality solid product. But 
what about the other guys? The smaller, niche-
serving distributors who fill in the gaps when 
the big boys drop the ball?

Whatever the case may be, at some point 
you’ve done enough homework to form a vi-
able group of “go to” distributors for all types 
of sourcing needs. Every company has a differ-
ent approval process. Some will add a new sup-
plier at the drop of a hat and others take careful 
measures to ensure the integrity of the supplier 

by Christopher Torrioni
SenSiBle Micro corporaTion

THE SUPPLy SIDE

ColuMn

fits their quality objectives. So, how well do you 
know your supplier? I pose this question be-
cause I constantly see new distributors popping 
up and claiming tons of industry accolades, in-
cluding quality certifications and thousands of 
lines of stocking inventory. In my experience, 
doing some quick online investigating and ask-
ing the proper questions can save you a world 
of potential supply chain disasters.

Two words can grossly change how you 
look at a new supplier—Google Earth. Recent-
ly, we were looking at adding a new supplier 
to our approved vendor list (AVL), but quickly 
changed our mind after inputting the company 
address into Google Earth and confirming they 
were misrepresenting who they were. The pro-
spective supplier had boasted to me that he had 
over 30,000 line items of stock on hand. Google 

How Well Do you 
Know your Supplier?
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The Supply Side

Earth told us a different story. The company ad-
dress was legitimate…only it was to an apart-
ment complex. 

Google Earth gives you the ability to view 
the actual satellite image closely to confirm the 
company is really what it’s presenting itself to 
be, showing building size and location. We’ve 
also found many times, and this is my personal 
favorite, a location showing up as “UPS Store.” I 
am guessing that’s for the distributor on the go 
who only has enough time to switch out pack-
ing slips and forgo any QA inspections.

Now, to claim that any distributor working 
out of their home or apartment has less integri-
ty than a company working out of an actual of-
fice/warehouse would be insulting and untrue. 
A few very good home-based brokers do have 
key relationships that afford them an indus-
try niche not requiring high-level inspection 
equipment, racks of inventory, or supporting 
staff. They typically trade direct from autho-
rized or factory channels and are usually trans-
parent with their customer base about their ca-
pabilities. 

But, I’ve also seen the flip-side of the coin—
larger stocking distributors with nice build-
ings and tons of employees that deliver highly 
questionable product. There are well over 1,000 
independent distributors in North America ac-
tively supplying parts today and buyers need to 
be savvy when it comes to truly understanding 

who they are dealing with. Below are a few 
areas that should be examined closely when 
adding a new, independent supplier.

Obtain Industry References
Even newer companies should be able 

to produce decent references. If the suppli-
er you are looking to do business with has 
any level of credibility, don’t just take their 
word for it; ask for a list of OEM or EMS 
customers that can confirm a high level of 
quality, service, and support. If they aren’t 
willing to produce references, consider that 
a red flag.

Obtain Quality Documents
If the supplier is claiming to be ISO 

9001, ANSI S20.20, or AS9120 certified, ask for 
an actual copy of their certifications. Be wary 
of companies claiming to be “ISO-compliant.” 
As many of us know, getting ISO certified and 
maintaining that certification, as well as follow-
ing procedure on a daily basis, is not an easy task. 
I find it hard to believe organizations would be 
compliant to the strictness of ISO standards if 
not being held accountable by an outside audit 
company on an annual basis. You should also 
request a copy of their Quality Management 
System for review to make sure what they are 
preaching is documented.

If you are dealing with an independent that 
does not have a documented anti-counterfeit 
procedure in place, I would consider that ex-
tremely risky. If they do have such a procedure, 
ask for a copy and make sure it meets your in-
spection and screening objectives.

Scheduled Site audit
Nothing beats seeing your supplier’s facility 

firsthand. By visiting and inspecting in person, 
one can see a supplier’s quality team in action 
and get an excellent understanding of that or-
ganization’s level of expertise and capabilities 
in supporting needs properly.

Get it in Writing
Negotiating for payment and warranty terms 

are hugely important in today’s buying market. 
Make sure you are asking for a longer return pol-
icy in the event of faulty product. Companies 

HOW WELL DO yOU KNOW yOUR SUPPLIER? continues
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Imagine a world where the windows of high-
rise office buildings are powerful energy produc-
ers, offering their inhabitants much more than 
some fresh air, light and a view. for the past four 
years a team of researchers from flinders univer-
sity has been working to make this dream a real-
ity. as part of his just-completed ph.d., dr. Mark 
Bissett from the School of chemical and physical 
Sciences has developed a revolutionary solar cell 
using carbon nanotubes.

“Solar power is actually the most expensive 
type of renewable energy, in fact the sil-
icon solar cells we see on peoples’ roofs 
are very expensive to produce and they 
also use a lot of electricity to purify,” 
dr. Bissett said. “The overall efficiency 
of silicon solar cells are about 10% and 
even when they’re operating at optimal 

efficiency it could take eight to 15 years to make 
back the energy that it took to produce them in 
the first place because they’re produced using 
fossil fuels,” he said.

dr. Bissett said the new, low-cost carbon 
nanotubes are transparent, meaning they can 
be “sprayed” onto windows without blocking 
light, and they are also flexible so they can be 
woven into a range of materials, including fab-
ric—a concept that is already being explored 
by advertising companies. While the amount of 
power generated by solar windows would not 
be enough to completely offset the energy con-
sumption of a standard office building, dr. Bis-
sett said they still had many financial and envi-

ronmental advantages.
dr. Bissett said the technology 

mimics photosynthesis, the process 
whereby plants obtain energy from 
the sun. If all goes to plan, the mate-
rial could be on the market within ten 
years.

solar Cell turns Windows 
Into Generators

The Supply Side

who give you a very small window of time for 
returns are doing that because they don’t have 
faith in the product or have done little on their 
end to confirm the integrity of the parts.

Stop Googling Part Numbers
I cringe when I hear stories of buyers put-

ting a part number into Google and using that 
information for vendor selection. If that is your 
plan for sourcing obsolete or allocated compo-
nents, please call me because I have a bridge for 
sale that you’d be interested in purchasing. 

Instead, align yourself with suppliers that 
can demonstrate how and why they can pro-
tect you from receiving substandard product. 
Just because a company is certified or affiliated 
with an industry organization doesn’t necessar-
ily mean they have all the answers or are prac-
ticing a diligent approach. Set the criteria with 
your internal quality managers and hold suppli-
ers accountable for those set processes.

The Internet and trading platforms have 
made it easier for buyers to find new vendors. 
If a deal seems too good to be true, it proba-

bly is. Make sure you are performing a diligent 
approach when searching and selecting a new 
supplier for your AVL and hold those suppliers 
to a standard that has been well thought out 
and signed off by internal quality engineers and 
managers.  SMT

Christopher Torrioni is President 
and co-founder of Sensible Micro 
Corporation, a professional stock-
ing distributor and sourcing part-
ner to hundreds of global oeM 
and eMS manufacturing compa-

nies. he obtained his Bachelor’s degree from 
the university of Central florida and brings 11 
years of industry knowledge and experience 
in electronic component supply, market news, 
procurement pitfalls and quality assurance 
standards. Torrioni is also a corporate sponsor 
to the SMTa Tampa Bay chapter, as well as the 
Tampa Chamber of Commerce and Tampa Bay 
Technology forum. 
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Qual-Pro CorPoraTIon

Medical 
Device 
Market and 
Technology 
Trends

SummAry: countries around the world are all 
facing the same types of healthcare issues: obesity, 
diabetes, cardiac arrhythmia, and other illnesses 
associated with an aging population. currently, 
leading manufacturers deliver 80% of their prod-
ucts to the u.S. market, but soon we will see a  
radical shift in these metrics as demand in Brazil, 
russia, india, and china is supported by reimburse-
ment infrastructures.

OEMs such as Boston Scientific, Medtronic, 
and St. Jude Medical (often referred to as “The 
Big Three”) are the world’s leading manufactur-
ers for cardiac management and neuro-stimu-
lation devices. They meet roughly 85% of the 
global demand for these types of devices—ap-
proximately 80% of which is being delivered to 
the U.S. market. Other countries, such as Brazil, 
Russia, India, and China (BRIC), are facing the 
same healthcare issues we deal with here in the 
U.S.: Obesity, diabetes, cardiac arrhythmia, and 
other ailments of an aging population with de-
clining health conditions. Over the next several 
years we will see a radical shift in these metrics 
as the BRIC demand is supported by reimburse-
ment infrastructures.

While BRIC reimbursement frameworks 
continue to be negotiated and crafted, it is evi-
dent that the need for lower-priced devices be 
quickly developed to fill this demand. It will 
only be a matter of time before the developing 
markets in the BRIC countries (low-cost coun-
tries) are afforded low-cost competition from 

m e d i c a l  e l e c t r o n i c s
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localized or near site offerings. The rush is on 
from U.S. sources to maintain market positions 
and offer products meeting price-point targets. 
We will undoubtedly see the re-introduction of 
previous generation products from U.S. OEMs 
that are less-feature driven, and lower cost, be 
revived to meet foreign demand.

The market will be confronted with a host 
of questions about changes in philosophies, ar-
chitecture, and materials to meet this challeng-
ing demand. The right combination of paths 
will certainly pay rewards in this fast-growing 
niche market.

Established high-reliability components or 
lower-cost commercial-grade compo-
nents? This question, an age-old 
dilemma, is stirring again as 
commercialized cost structures 
and risk aversion again chip 
away at the two philosophies. 
Polarized in the two distinct 
paths, manufacturers of medi-
cal devices, such as pacemak-
ers, defibrillators, neuro-stim-
ulators, and implantable drug 
pumps, are challenged with de-
ciding which path will prevail. 
Balancing between reliability, 
cumulative damage, and cost, 
the jury is still out. The topic 
is very hot in today’s market as 
BRIC country opportunities are 
driving devices to unseen price-
model objectives.

Emerging BRIC countries are spawning new 
demand and creating reimbursement infrastruc-
tures; the bar on cost structure is plummeting. 
Less feature-driven products are resurfacing to 
more closely meet needed cost points, but the 
still-eroding cost targets are grinding away at 
margins.

Electronic components, which typically 
make up a significant portion of a bill of materi-
als (BOM), are drawing the crosshairs a prime 
targets for cost reductions. In many cases, the 
established reliability testing of components 
can drive their price to 10x the cost for the same 
commercial component. OEMs who control a 
significant portion of the device content are 
struggling with these opposing models. They 

typically do not have (or desire to have) the in-
ternal systemic handling capabilities to support 
both philosophies. The potential risk of mixing 
lots of components (with the same manufac-
turers’ part numbers), the added FDA scrutiny 
to material systems, and necessary modifica-
tions to source control drawings, all add up to 
a strong argument against the fight for cost-
saving solutions. Added to logic, statistics, and 
math, there are inborn philosophies and emo-
tional ties to practices in place and reticence to 
change. Additionally, for medical devices in this 
arena, change comes at a high price tag with re-
qualification efforts.

This is where a contract manu-
facturer (CM) can shine. Suitable 

CMs have the infrastructure to 
handle a myriad of component 
mixes, even within the same 
manufacturer part number. 
Their systems are intentional-
ly designed to be able to man-
age a multitude of compo-
nents, often having the same 
manufacturers’ part number, 
but differentiated by diffusion 
lots, quality clauses, or date 
codes. Up-screening at an as-
sembly level can also often be 
performed by the CMs, elimi-
nating the need to screen com-

ponents pre-assembly. This ser-
vice, of course, can potentially add 

risk (costs) to assemblies not passing at 
assembly level due to infant mortality of the 
components. A well-crafted acceptable quality 
level (AQL) component screening plan and reli-
ability program can often eliminate this risk, as 
the mean of failures in commercial components 
is by percentage often better (lower) than “es-
tablished reliability components.”

Many of the components contained in cur-
rent established reliability programs are passive 
devices (capacitors, resistors, and inductors), 
as many active devices (semiconductors and 
ASICs) have set processes that cannot be al-
tered for purposes of reliability screening. Lot 
acceptance testing (LAT) is often used. The use 
of MIL-STD programs, combined with highly 
competent component engineering and statisti-

While bRiC 
reimbursement frame-
works continue to be 

negotiated and crafted, 
it is evident that the 
need for lower-priced 

devices be quickly 
developed to fill 

this demand.

“

”
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cal quality programs is imperative. Not all CMs 
will embrace these value-added tasks as they 
do not fall within their core or the CM may 
see these efforts as a distraction to their ongo-
ing business or production models. Whichever 
component reliability path is taken, choosing 
the right manufacturing partner with aligned, 
long-term strategies is equally important.

Flexibility within the CM to adapt to the 
myriad of customer/product specific details 
necessary to become an extension of OEM re-
sources and still meet objectives is a tight bal-
ance. Needed customer-centric attention typi-
cally either comes with a cost proposition or 
push back in larger CM models.

Medically-implantable appliances and their 
supporting external devices not only improve 
the quality of life, but also sustain it. It is es-
sential that the reliability of these devices ex-
ceed Six Sigma. The CM partners servicing this 
market must have regimented quality systems 
sufficient to satisfy not only ISO 13485 require-
ments, but also the standards of the OEMs and 
in some cases, the FDA.

Manufacturers of components add another 
dimension to this clouded matter. Established 
reliability components, typically on OEM-con-
trolled source control drawings, bring value-
added services, which equate to added margin. 
In today’s market, this margin is seen as the 
“carrot” that makes it equitable to participate 
in the implantable market with its obvious and 
perceived risk factors. Many component manu-
facturers have pulled away from support or pro-
hibit direct sales to OEMs trying to pursue the 

commercial use/assembly up-screen path. Here 
again, CMs may afford an amenable path. Co-
ordinating efforts with the OEM, the CM can 
procure commercial parts and establish a well-
controlled custom program with distribution 
partners.

Microelectronics assembly (chip and wire) 
has been a widely used technology in implant-
able devices for several decades. Here, ASICs and 
die-level components are attached using die at-
tach/wire-bond technology. This has been great 
solution for volumetric efficiency where many 
connection points can be made in a very small 
envelope or area. In the past, gold ball bond 
was the standard, where processes were adopted 
from historical hybrids used in space, military, 
and high-reliability programs. The issue of this 
adoption over the last decade boils down to cost 
and consistency. The historical processes were 
typically used for military and space-level ap-
plications where volumes were low and costs 
were not as sensitive to more commercialized 
volumes. Current requirements of medical im-
plantable devices with higher rate production 
demand not only lower costs, but also support 
high rate manufacturing processes.

The selective thick gold build-up necessary 
for gold ball bonding (with controlled class, 
grade, and Knoop of the gold) limited the num-
ber of available suppliers for the substrates. Es-
calating gold costs in the last few years have 
forced many substrate manufacturers to out-
source the selective plating processes. Losing 
the internal controls at many of these available 
board fabricators has further limited available 
options on sourcing.

Over the last several years, great successes 
have been made using aluminum wedge bond-
ing on more standard substrate finishes, such 
as electroless nickel immersion gold (ENIG), or 
electroless nickel electroless palladium immer-
sion gold (ENEPIG), that do not require the se-
lective thick gold build-up. The measurement 
of the critical process performance (reported in 
CpK values) using these more common finishes 
with aluminum wedge bonding have met or 
exceeded the results of the standard gold ball 
bonding on the expensive and limited selective 
plating boards. The obvious advantage here is a 
much wider offering of substrate manufacturers 

MEDICaL DEVICE MaRKET aND TECHNOLOGy TRENDS continues
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and mainline processes that provide substantial 
improvements in consistency, both bringing 
significant cost improvements.

Ceramic substrates were a historically com-
mon choice as a hybrid substrate material, for 
complex signal routing or radio frequency (RF) 
applications in microelectronics (chip and wire) 
processing. Ceramic substrates typically have a 
fabrication cycle time of greater than 4x the cy-
cle time of standard organic circuit boards with 
higher risk though yields. Hence, cost structures 
often have similar factors applied. The main 
cost driver, however, is in the processing at the 
assembly level, where the ceramic substrates are 
typically built as “one-up” devices. The ceramic 
substrates typically do not have the ability to 
be separated by conventional methods like de-
paneling processes in organic PCB substrates. 
This means that instead of building in econom-
ical panel arrays these devices need special tool-
ing to hold them through the manufacturing 
processes and test, foregoing most volume/scal-
able efficiencies.

With improved technology in organic sub-
strates over the last decade, including laser di-
rect imaging, refined line and spacing capabili-
ties, microvia technology, blind/buried vias, a 
myriad of improved materials choices, the abili-
ty to mix layers, and wider support of rigid-flex-
rigid, many of the older designs, which were 
on the costly ceramic substrates, have been 
converted to new designs in standard organic 
substrate materials, dramatically improving ef-
ficiency, time-to-market, and costs. Critical RF 
signal routing, combined on the same assembly 
as the power and digital processing, has elimi-
nated the need for multiple assemblies and the 
associated interconnect. Elimination of these 
interconnects has afforded great opportunities 
to size down devices and create opportunities to 
integrate more features to the designs.

The adoption of microvia technology, cou-
pled with micro ball grid array (uBGA), land 
grid array (LGA), and chip scale packaging (CSP) 
technologies have opened up a new area for 
“commercialization” where these high-density 
interconnects can often replace the microelec-
tronics/chip and wire solutions significantly 
opening up the candidates for manufacturing. 
The dilemma here is losing the ability for 100% 

visual inspection of the wire-bonds in trade for 
more commercialized processes of eutectic sol-
der joints (solder) which are, unfortunately, im-
possible to inspect 100% without utilizing cost-
prohibitive scanning acoustic microscopy. The 
manufacturing processes and systemic controls 
for the eutectic approach must have tighter pa-
rameters than typically found in commercial 
environments.

The challenges ahead and the adoption of 
new processes will not be solved overnight, but 
it is imperative they be addressed quickly so as 
not to lose market position. Overall, the medi-
cal device market will experience challenging 
dynamics over the next decade. The recent de-
terioration/restructuring of our U.S. reimburse-
ment model was only the tip of the iceberg. 
Low-cost BRIC demand, and looming new sup-
pliers from emerging countries, will force new 
philosophies. The challenges of new product 
introductions are changing as well. Features are 
becoming less important than cost, new dimen-
sion OEMs must now embrace to maintain or 
capture share. Outsourcing may be one of the 
fastest and most efficient paths. Partnering ef-
forts with capable and flexible CMs may be a 
growth trend on the horizon. Many efforts 
are firmly underway to evaluate and strategize  
ways to effectively capture the upcoming boom 
in demand in this multi-billion dollar and  
globally-growing market.  SMT

alex richardson has nearly 30 
years of engineering and sales 
experience in high-reliability elec-
tronics manufacturing. during 
this time, he has been a test, qual-
ity, and design engineer and has 

managed sales teams for a variety of electronics 
oeMs and eMS providers. richardson has spent 
the last 15 years specializing in high-reliability 
electronics with an emphasis on the medical and 
military/aerospace market sectors and in im-
plantable Class II and III devices, uavs, military 
radios, counter-measures, and devices that push 
the envelope of today’s technology. Before join-
ing Qual-Pro, he had roles at many well-known 
companies, including advanced Micro devices, 
Jet Propulsion laboratories, and ITT gilfillan.
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neXlogic TechnologieS 

ZULKI’S PCB NUGGETS

ColuMn

a Commitment to Greater 
U.S. PCB Manufacturing 

SummAry: the industry must continue taking 
the initiative to boost its credibility and manufac-
turing prowess to make oems true believers. we 
also need to figuratively join hands with President 
obama’s manufacturing initiative to proactively 
promote greater u.S. PcB manufacturing and 
bring more jobs back home.

President Obama’s “Blueprint for an America 
Built to Last” is indeed an ambitious initiative 
and should be highly supported to encourage 
“insourcing,” create more manufacturing jobs 
in America, and help to significantly strengthen 
our economy.  

There is no question that the U.S. has the 
know-how and technologies to manufacture 
virtually any product, as the president often em-
phasizes in his speeches on U.S. manufacturing. 
Our country is steeped in highly-trained profes-
sionals and has created amazing technologies 
that other countries are scrambling to imitate. 

However, with the considerable and worthy 
attention the White House is placing on U.S. 
manufacturing, it’s important to point out one 
key distinction. As most Americans know, the 
majority of consumer products we use daily are 
manufactured in the Far East and that’s been 
happening for a few decades now. So, it’s fair to 
say that those consumer products are best suit-
ed for overseas production since by their very 
nature they are extremely price driven.   

Overseas manufacturers can produce these 
products in mass volumes at price points asso-
ciated with profitability. But most U.S. manu-
facturers making these same products would  
be hard-pressed to be profitable. Hopefully,  
that business model can change in the long 
term as President Obama’s initiative gains  
greater traction.  

Aside from consumer products, a greater fo-
cus should be placed on U.S. manufacturing of 
commercial, industrial, medical, and mil/aero 
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systems where price is not the only driver. In 
these instances, we’re talking about complex, 
high-end technology products and systems de-
manding manufacturing that is definitely not a 
walk in the park. Such powerful and advanced 
systems are challenging to design and build. 
The essential engineering expertise and ad-
vanced technology manufacturing to properly 
create these systems are found only in the U.S. 

The same principle holds true for greater U.S. 
manufacturing of PCBs that are the underpin-
nings for advanced electronics systems. The 
argument can certainly be made for 
high-quality, extremely reliable 
PCBs in pilot- or medium-run 
U.S. production. In some cases, 
intellectual property (IP) theft 
becomes an offshore issue. 
U.S. companies find the prod-
ucts they spent huge amounts 
of resources on are available 
overseas at one-third the price, 
with similar features. But, at 
the same time, the chances 
are high of IP theft. Building a 
product overseas also involves 
losing some of the production 
and testing control for obvious 
reasons.

U.S. OEMs getting their high-
end PCBs and box-builds produced 
overseas face the costly challenge of return ma-
terial authorizations (RMAs). With a system and 
its sub-assemblies produced overseas, consider-
able time and cost are involved. At the same 
time, quality issues emerge resulting from these 
RMAs. Consequently, an increasing number 
of U.S. OEMs are returning production to the 
U.S., not only to improve quality, but also to 
safeguard and control their IP. These OEMs feel 
they have considerably more leverage and con-
trol over the way their systems are built here.  

Other OEMs with complex systems may 
have tried their hand with overseas production, 
but ultimately found those efforts unsuccessful, 
eventually bringing manufacturing back to the 
U.S. These companies may produce one partic-
ular piece of equipment with different versions 
and configurations for different applications 
and customers. Production runs were small, 

roughly 200 units divided into those different 
versions. As a result, production runs became 
difficult for overseas production companies ac-
customed to extremely high volumes. Hence, 
no business match existed and those American 
OEMs came back to the U.S. as a consequence.  

These early adopters of U.S. manufacturing 
are setting the pace for the PCB industry to fol-
low. We need to use our creativity, our ingenu-
ity, and, best of all, our advancing technolo-
gies and better-trained engineers to improve 

manufacturing efficiencies. We need to 
make our processes much more au-

tomated. This allows us to lever-
age technology that, in effect, 
opens the doors to even higher 
quality and automatic assem-
bly process repeatability. This 
way, advanced manufacturing 
equipment is doing the work 
and not necessarily the human 
interaction.  

For example, take PCB 
testing. Yes, further automat-
ing testing costs more money, 
but if you automate the test-
ing process, it will absolutely 
increase yields and decrease 

the amount of human interac-
tion and risk of inducing errors. If 

our industry can automate most pro-
cesses to overcome price disadvantages, and if 
products are mid- to high-tier, we can certainly 
increase the efficiency and overcome the price 
barriers.  

Still, we have to remind ourselves to make 
certain all our i’s are dotted, all our t’s crossed 
when it comes to highly efficient manufac-
turing. We cannot afford to shortchange any 
vital and crucial step. We must make sure all 
manufacturing processes are in place from new 
product introduction (NPI) stages and that all 
kinks are taken out of manufacturing to mass-
produce the product. This way, a product is de-
signed correctly and not too much time is spent 
to make it DFM-friendly at a later stage. Here, 
I’m not talking about making 20,000 units in 
a week or a month. I am referring to products 
that can be made on pilot or medium produc-
tion runs, which our industry can easily do.  

U.S. companies find 

the products they 

spent huge amounts 

of resources on are 

available overseas 

at one-third the price, 

with similar features.

“

”

a COMMITMENT TO GREaTER U.S. PCB MaNUFaCTURING continues
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The burden is on us, the PCB industry. We 
must continue taking the initiative to boost 
our credibility and manufacturing prowess to 
make OEMs true believers of our capabilities. 
Plus, we need to figuratively join hands with 
President Obama’s manufacturing initiative to 
proactively promote greater U.S. PCB manufac-
turing to bring more jobs back home. We have 
the wherewithal to aggressively pursue this new 
“insourcing” line of business. We’ve got the 
trained, well-qualified people, the unquestion-
able experience, and track record for successful 
production. Plus we’ve got American ingenuity 
creating better technology and advanced auto-
mated PCB assembly and manufacturing sys-
tems. 

Our job is to let OEMs and all Americans 
know that the expertise and technology are 
right here at home—right in their backyards. It’s 
our responsibility to help company executives 
and owners understand how they can adjust 
their business models to take advantage of U.S. 
PCB and box build manufacturing and, at the 
same time, stay profitable and continue grow-
ing. While moving headstrong in that direc-

tion, we stay committed and continue to strive 
to bring greater added value to our new and ex-
isting OEM customers. Our constant objectives 
are to increase yields, improve reliability, reduce 
costs, become more efficient with advanced 
manufacturing systems, and stay ahead of the 
curve when it comes to training our engineers 
and technicians.  SMT

Zulki Khan is the founder and pres-
ident of nexlogic Technologies, 
inc., in San Jose, california, an iSo 
9001:2008 certified company, iSo 
13485 certified for manufactur-
ing medical devices and a rohS-

compliant eMS provider. prior to nexlogic, 
Khan was general Manager for Imagineering, 
inc. in Schaumburg, illinois. he has also worked 
on high-speed PCB designs with signal integrity 
analysis. he holds a B.S. in ee from ned uni-
versity in Karachi, Pakistan, and an M.B.a. from 
the university of Iowa. He is a frequent author 
of contributed articles to eMS industry publica-
tions.

Cornell materials scientists have developed 
an inexpensive, environmentally-friendly way of 
synthesizing oxide crystal sheets, just nanometers 
thick, which have useful properties for electronics 
and alternative energy applications.

The millimeter-length, 20-nanometer-thick so-
dium-cobalt oxide crystals were 
derived through a novel method 
that combined a traditional sol-
gel synthesis with an electric field-
induced kinetic de-mixing step. It 
was this second step that led to 
the breakthrough of a bottom-up 
synthesis method through which 
tens of thousands of nanosheets 
self-assemble into a pellet.

The material has fascinating 
properties, including high ther-

moelectric power, high electrical conductivity, su-
perconductivity and potential as a cathode mate-
rial in sodium ion batteries.

usually oxide materials, like a ceramic coffee 
mug, aren’t electrically conductive; they’re insu-
lating. Since the material is a conductive oxide, it 
can be used in thermoelectric devices to convert 
waste heat into power. now that the researchers 
have made nanosheets, they expect the material’s 
thermoelectric efficiency to improve, enabling the 
creation of more efficient alternative energy ther-

moelectric devices.
The nanosheets also show 

the ability to bend, sometimes 
up to 180 degrees. This is un-
usual for ceramics, which are 
normally brittle.

The material is based on 
common, abundant elements 
(sodium, cobalt, and oxygen), 
without toxic elements, such 
as tellurium, that are normally 
used in thermoelectric devices.

non-toxic nanosheets turn 
Waste Heat Into Power

a COMMITMENT TO GREaTER U.S. PCB MaNUFaCTURING continues
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MTI Electronics Earns
aS9100C Certification 
The aS9100, rev c is the quality certification stan-
dard for the aviation, space and defense indus-
tries. This certification reflects the commitment 
of MTi electronics to meet and exceed customers’ 
and industry quality requirements.
 
aPI Technologies acquires
assets of RTI Electronics 
aPI Technologies Corporation announced that it 
has completed the acquisition of substantially all 
of the assets of rTI electronics for a total purchase 
price of $2.3 million in cash. Based in anaheim, 
California, rTI is a leading manufacturer of passive 
electronic components, including thermistors, 
film capacitors, magnetic transformers and induc-
tors, and audio power conditioning units.
 
Burton Industries Earns
ISO 13485:2003 Certification 
Burton industries has received iSo 13485:2003 
certification. The company also completed iSo 
9001:2008 recertification. “a significant portion 
of our business focuses on medical customers. 
for years we aligned our quality system with the 
needs of that market. pursuing iSo 13485 certifi-
cation was the most appropriate next step to serve 
the requirements of our medical customers,” said 
Monica Benson, director of quality assurance.
 
Sparton Key Partner to Goodrich’s
Threat Detection Program 
Sparton corporation has been recognized as a 
key partner to goodrich corporation’s an/avr-2B 
(v) threat detection program. Sparton participat-
ed at a special event in december 2011 in dan-
bury, Connecticut to celebrate the delivery of the 
1,000th an/avr-2B (v) laser detecting sent to the 
united States army.
 
Sparton, USSI Secure $2.6M Direct
Foreign Sales Contracts 
“erapSco/SonobuoyTech Systems is pleased 
to have been selected to assist Japan’s efforts in 

protecting its borders by providing the leading-
edge products developed by our joint venture 
partners,” said Cary Wood, president and Ceo of 
Sparton corporation.
 
Suntron, axiomtek Partnership
Opens Opportunities 
“Many companies have a need for specific 
hardware, but either don’t have the capability,  
certifications, or time to integrate the solution,” 
said Michael oliveri, vice president of the System 
Solutions group at Suntron. “This partnership  
allows our customers to focus on their core  
competencies.”
 
Sparton Wins $24.9 Million
Sonobuoy Subcontracts 
Sparton corporation has announced the award 
of subcontracts valued at $24.9 million, for the 
manufacture of three types of sonobuoys for the 
united States navy as part of the company’s erap-
Sco joint venture. production will be performed 
at Sparton’s deleon Springs, Florida, facility  
and is expected to be completed by January  
2014.
 
Raven Industries Creates
Electronics Division for Growth 
raven Industries, Inc. has said it will realign the 
assets and team members of its electronic Sys-
tems division deploying them into the company’s 
aerostar and applied Technology divisions. This 
repositioning is expected to better align raven’s 
corporate structure with its mission and long-term 
growth strategies.
 
Hill aeroSystems achieves
aS9100 Rev C Certification 
hill aeroSystems has earned the aS9100 rev c 
certification, awarded for improvement of prod-
uct quality and cost reduction in the aviation and 
defense manufacturing industry. hill aeroSystems 
passed its audit without any findings from the  
auditor.
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by Sjef van Gastel 
aSSeMBléon neTherlandS B.v.

SMT TRENDS & TECHNOLOGIES

ColuMn

The Road ahead: 
Single or Dual Lane?

SummAry: until just a few years ago, most 
PcB transport systems featured a single lane, but 
valuable running time was often lost. A dual-lane 
system will reduce such losses, but how do you 
know which set-up works best for you? Sjef van 
Gastel takes a closer look.

If you attended this year’s IPC APEX EXPO 
in San Diego, you most likely noted the in-
creased number of electronic assembly systems 
using dual-lane PCB transport. The key to se-
lecting the right system for your company is to 
fully understand the background of this trend. 

Until just a few years ago, most PCB trans-
port systems featured a single lane. Using belt-
driven segments as single-lane building blocks, 
a lot of (valuable) time is lost to running-in/
running-out and clamping/unclamping boards. 
Typical losses are two to three seconds, reducing 
the time remaining for actual board assembly—
an important fact if your line cycle time is 30 
seconds or so. In this instance a dual-lane trans-
port system will reduce transport time losses. 
While pick-and-place actions take place on the 
PCB that is positioned and clamped in lane X, a 
new PCB can enter lane Y and will be ready for 
board assembly as soon as the pick-and-place 

actions in lane X are complete. Because arrivals 
and departures of boards in both lanes will be 
independent of each other, this transport mode 
is referred to as asynchronous. 

In this asynchronous dual-lane scenario, all 
boards fed into both lanes are of the same type; 
however, it can be very useful to use dual-lane 
transport with large variations of component 
counts over multiple PCB types. The best ex-
ample is the assembly of mobile phone boards. 
In my last column, I gave the example of a well-
known Asian cell phone brand with over 130 
different models. Five main model types exist: 
Block phones, slider phones, fold phones, smart 
phones, and business phones. 

A typical flow line might assemble both a 
block and smart phone. Both models might 
have a total component count of 400 compo-
nents (top + bottom). For the block phone, only 
approximately 15% of all components will be 
on the top of the board (because both display 
and keys will be assembled on top, thus limit-
ing the space left for SMDs), and approximately 
85% on the bottom side. For the smart phone, 
the SMDs will be equally divided: Around 50% 
top and bottom. With a line placement capacity 
of 200,000 cph, a four-fold multiple board (4 x 

Figure 1: Single-lane line layout 
(top-bottom) with more pick-and-
place machines and two ovens.

http://www.iconnect007.com/emag/pub/SMT-Feb2012/?page=82
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400 = 1,600 components) will have a line cycle 
time of 28.8 seconds. 

Producing both phone types on a single-
SMT flow lane (Figure 1) will require two main 
segments: A top and bottom assembly line (each 
with a stencil printer, pick-and-place machines, 
and a reflow oven). Both line segments are di-
vided by a board flipping module. Starting pro-
duction of the block phone, the top segment 
needs to place 240 components in 28.8 seconds 
(at 30,000 cph), while the bottom segment will 
place the remaining 1,360 components in 28.8 
seconds (170,000 cph). For the smart phone, 
components will be equally divided between 
top and bottom, so the placement capacity for 
both top and bottom segments will be 100,000 
cph. 

Now we have a problem: Either over-capac-
ity in the top segment or under-capacity in the 
bottom segment! The reason is that we need to 
configure a flow line beforehand, not knowing 
exactly which board types will be assembled. 
To ensure sufficient production capacity is in-
stalled, we need to adapt the line capacity in 
the top segment to smart phone requirements 
(100,000 cph) and that of the bottom segment 
to block phone requirements (170,000 cph). 
That means installing an overcapacity of 70,000 
cph into the single-lane flow line.

For dual lane (Figure 2), the top-side assem-
bly is in lane A while the bottom side assem-
bly is in lane B. As a result, the pick-and-place  
machines will combine both sides of the board 
into a single virtual board (Figure 3), always with 
a perfect workload balance. Less floor space will 

be needed for the dual-lane line, and only one 
dual-lane reflow oven is needed, which will re-
duce both floor space and energy consumption.

The third application for dual lane is in 
combining large production batches with small 
(NPI) production batches (Figure 4). Here, all 
component feeders for both product types 
should be configured on line. Normally the line 
will produce the “big runner” on both lanes. 
For the pilot product, one lane will produce the 
pilot board itself, while the other lane contin-
ues the big runner production. When all adjust-

THE ROaD aHEaD: SINGLE OR DUaL LaNE? continues

Figure 2: dual-lane line layout for workload balancing (top-bottom) 
with less pick-and-place machines and only one oven.

Figure 3: workload balancing in a dual-lane flow 
(one virtual PCB).
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In addition to playing the clarinet 
in two bands, assembléon’s Sjef 
van gastel has another passion: 
SMT. he has been with the com-
pany since its start-up as a Philips 
division in 1979. as the current 

Manager for advanced development, he com-
bines his experience as systems architect and 
machine designer to explore technical and 
business opportunities from emerging tech-
nologies. van gastel holds many patents and 
is a frequent speaker at international confer-
ences related to SMT. he is also the author of 
“Fundamentals of SMd assembly,” which has 
become a standard piece of literature in the 
industry.

ments have been made, the pilot board batch 
will start in parallel with ongoing production of 
the big runner boards. After finalizing the pilot 
batch, this transport lane can be reset to the big 
runner boards or to another type. As a result, all 
pick-and-place machines remain in continuous 
production.

Single lane or dual lane? The choice is deter-
mined by the production scenario. If you need 
only limited manufacturing flexibility, you will 
likely go for the lowest investment costs and 
easy, transparent production support software, 
hence, single lane. If you really need manufac-
turing flexibility or want to minimize change-
over losses, dual-lane manufacturing will ap-
peal to you.  SMT

SMT TrendS & TechnologieS

THE ROaD aHEaD: SINGLE OR DUaL LaNE? continues

Figure 4: dual-lane flow line combining large production batches with small production batches.
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a Experts Tackle Tin Whisker  
 Problem 
 
“Tin whiskers have grown into a topic that never 
fails to arouse lively discussions amongst product 
designers and manufacturing personnel,” says da-
vid Hillman, principal materials and process en-
gineer, rockwell Collins and conference speaker. 
“while the impact of tin whiskers is a very real 
phenomenon, predicting how and when they will 
occur still needs to be explored.”

b IPC Updates assembly and  
 Joining Handbook

“ipc-aJ-820a covers 14 topics in 289 pages, ad-
dressing everything from handling to design to 
component selection and soldering,” says IPC as-
sembly Technology Manager Kris roberson. “The 
handbook gives users basic data such as terms and 
definitions as well as the technical, more nitty-grit-
ty, down-and-dirty information.”

c TTI to acquire Sager 
  Electronics

upon completion of the acquisition, Sager elec-
tronics will operate as a wholly-owned subsidiary 
of TTI, Inc. frank flynn will remain president of 
Sager electronics and will lead the combined TTi 
and Sager post-acquisition teams. Flynn will report 
to Paul andrews, Ceo, TTI, Inc. raymond norton, 
current ceo Sager electronics, will remain in an 
advisory capacity.

d Catch the Wind, Sanmina 
 Begin Volume Production 
 of OCS

under the terms of the manufacturing services 
agreement Sanmina will produce and assemble 
the ocS at its state-of-the-art manufacturing facili-
ties in Kanata, ontario. Sanmina will also provide 
technical, engineering, design, and other profes-
sional services related to the manufacture of the 
ocS.

Top 
Ten
Most-Read News Highlights 
from SMTonline this Month
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e CTS CEO to Retire; Board 
 Unveils Succession Plan
 
The Board of directors of cTS corporation an-
nounced that vinod M. Khilnani, chairman, presi-
dent and Ceo, has expressed his desire to retire. 
Thomas cody, lead director, stated, “we have 
ample time to select an appropriate successor. It 
is our goal to have announced a successor by the 
end of 2012 to allow the person sufficient time to 
work alongside vinod through 2013 to insure an 
orderly transition.”

f Flextronics Completes Stellar 
 Microelectronics acquisition

The acquisition extends Flextronics’ service offer-
ing in advanced custom packaging solutions that 
utilize the latest microelectronics technologies for 
the aerospace, defense, and medical manufactur-
ing markets and the ability to support customers 
with unique u.S. manufacturing needs such as 
aS9100c, iSo 9001:2008, and iSo13485:2003. 
The completion of this acquisition also increases 
the company’s aerospace, defense, and medical 
customer portfolio.

g Sypris’ EMS Revenues Dive  
 41.5% in Q4

revenue for our electronics group was $11.4 mil-
lion in the fourth quarter compared to $19.5 mil-
lion in the prior year period, while gross profit for 
the quarter was $0.5 million, or 4% of revenue, 
compared to $5.4 million, or 28% of revenue for 
the same period in 2010.

h Expert Presentations Sought
 for IPC aPEx ExPO 2013

IPC invites researchers, academics, technical ex-
perts, and industry leaders to submit abstracts for 
the 2013 ipc apeX eXpo at the San diego con-
vention center in San diego, california. expert 
presentations are being sought on all relevant 
design, PCB fabrication, and electronics manufac-
turing topics. Submissions dealing with lead-free 

processing, repair and reliability, high-speed PCB 
laminates, and new research in growing areas, 
such as green technology and printed electronics, 
are especially encouraged.

i and the Winner Is...IPC 
 Supports Student Research

as the density and speed of electronic components 
and assemblies continue to soar, many groups are 
encouraging schools and students to focus more 
on technical topics. IPC is helping in this effort by 
rewarding students and schools that support the 
interconnection industry. IPC recently rewarded 
three winners of the 2012 IPC International aca-
demic Paper Competition with all-expenses paid 
trips to San diego to attend the ipc apeX eXpo 
Conference and exhibition.

j Jabil/Telmar Executive 
 advisory Board Formed 

Jabil has announced the formation of the Jabil/
Telmar executive advisory Board comprised of es-
teemed communications visionaries. The Board 
will advise on global telecommunications industry 
drivers and provide input on global communica-
tions issues and challenges.

More from SMTonline
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Summary: To tweet or not to tweet? This 
month, Barry matties takes on the pros and 
(mostly) cons of mixing social media and 
business. Do the two really mix?

Social media might be the right choice if 
you’re looking at electronically communicating 
with your current circle of friends, reconnecting 
with old friends, sharing your life with strangers, 
or starting a revolution, such as in Egypt. For 
those purposes, social media works great; but if 
used for business it could be a complete waste 
of resources. Well, maybe there’s some value, 
but for most there’s not enough to warrant the 
time spent on maintenance.

The social network really does work pretty 
well for staying in touch with those with 
whom you may or may not 
have regular contact. As far 
as revolutions go, I do 
not know if Egyptians 
have achieved what they 
really hoped from their 
Facebook-initiated 
revolution of last 
year. If you listen 
to the evening 
news it doesn’t 
sound like they are 
living in the Utopia 
they had imagined 
when the social 
media revolution 
began. Certainly 
not the fault of social 
networking, I know, but 
social networking does 
have its downside, such as 
becoming a tool for crowd 
manipulation—perhaps the case in Egypt.  
But how does it really benefit businesses?

If you’re looking to build a brand to a mass 
audience, social media may have its place, 
but in most business-to-business situations, 

by Barry Matties
I-ConneCT007 

the sales cycle

coluMn

beyond a one- to three-person business, social 
media seems to be a waste of time. Why could 
it work for a one- to three-person business? I 
am not sure it really does, but I’m thinking 
these businesses are usually driven by the 
personality of the owner who will take the large 
amount time needed to continually update a 
social media page and make sure their narrow 
customer base are “friends.” It still seems to me 
that it’s a waste of resources, unless your market 
is power users such as teenagers or those with 
a social media addiction. (There are special 
places to go to get help for the latter.) For most 
business in our sector, teenagers are not the 
target market. I have not checked, but I don’t 

think Happy Holden updates his status on 
a wall. Why would he? I always think 

of him as Happy.
So, what benefit does 
social media offer? Do 

you really want a 
prospective customer 
going to one of your 

employees’ pages 
to learn about 
your company? 
Even if your 
employee has a 
dedicated page 

for business, is 
that the impression 
you want? Let’s say 
you go the route of 
dedicated employee 
pages. Who controls 

the content that goes 
on the page? Who 

controls the photos that appear? 
What is the message you want them 

to send out daily? How much time 
do you want them spending updating 

their employee social media page? Who is liable 
for the content if the wrong thing is said and 
a lawsuit follows? The real question, for me, is 

Does social Media Work in B2B?
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platform that can really help B2B companies. 
Until then, don’t waste your time or money 
there. Focus on building your brand within 
your sector. How can you do that? Focus on the 
industry communities found at trade shows, 
conferences, associations, industry publications, 
and industry-specific forums. These are the 
places where your customers and targets are 
spending time. If you want to use the Internet 
to help market your business (and you should), 
then work on search engine optimization. Work 
on making sure you have a world-class website 
that perfectly conveys your message. Then, use 
social media in a strategic way.

I do believe social media can serve businesses, 
but not in a way that warrants spending too 
much time or money. I would look at getting 
customers and prospects to talk about you on 
their networks. If you publish a great article 
in a publication or have an important white 
paper, encourage readers to share it with their 
peers. If they are communicating with their 
peers through Twitter, encourage them to tweet 
about your article. If they have a Facebook page, 
encourage them talk it up in there. For us, we 
tweet out alerts to the titles of feature articles 
and important news items that we publish on 
a daily basis. The idea is to always drive traffic 
back to your site or, in our case, our online 
publications.

The daily tweet of article titles is nothing 
more than a conduit to what is going on in 
our publications, an extension of our table 
of contents. It does not supplant our daily 
newsletter—it promotes it. Though I must say 
after a year of tweeting, most of our readers 
do not rely on tweets; they open and read our 
daily newsletter and our other publications as 

The SaleS cycle

DOES SOCIaL MEDIa WORK IN B2B? continues

why would you want a prospective customer 
to ultimately go anywhere but to your own 
website to learn about your company?

Your website is the place where you want 
your customers and prospects to come to 
learn about your company, your people, your 
products, and services—all presented in a way 
that professionally represents the values and 
image you want to convey. If the Internet was 
brick and mortar, would you want the customer 
to walk into your store and be greeted by your 
team? Or, do you want them to walk into your 
neighbor’s store to learn about you? In your 
neighbor’s store, the prospect will not greeted 
by your team and no crystal clear messaging 
exists for your business.

In addition, there’s the distraction of 
thousands of other branding messages in the 
same space, competing with yours. If I were 
selling an energy drink and trying to coax every 
last person on the Internet into purchasing 
the drink, social media sites might be one of 
many avenues I would pursue to reach my 
desired market. I hear radio commercials for 
car companies encouraging prospects to go to 
their Facebook page. Maybe this is because part 
of their target market spends so much time on 
Facebook, or it’s just that they want to sound 
cool and current. When I’m shopping for a car 
I never think, “Oh, I need to visit Facebook.” I 
go to the manufacturer’s website. Or if I am I 
looking for news, I never wonder what Facebook 
is reporting today. I go to a dedicated news site. 

Businesses are rushing to be on social media 
sites, but I think, right now, these sites are 
not truly geared for businesses, though they 
are trying to move in that direction. Maybe 
someday such sites will turn into a true business 



May 2012 • SMT Magazine    99

Barry Matties started in PCB 
manufacturing in the early 
1980s and in 1987, co-founded 
CircuiTree Magazine, which 
sold nearly 13 years later as the 

leading industry publication. In the early 
2000s, Barry and business partner ray 
rasmussen acquired PCB007, followed by 
SMT Magazine in July 2010. With his many 
years of business leadership skills, Barry now 
produces this column relating 25 years of 
successful business leadership, including 
marketing and selling strategies that really 
work. To contact Barry click here.

The SaleS cycle

DOES SOCIaL MEDIa WORK IN B2B? continues

a matter of daily practice because they know 
what to expect. If your content is strong, your 
customers will do the same at your site. To ask 
our team to set up Facebook pages and spend 
time updating their pages is not necessarily the 
best use of our valuable resources. I think that in 
just about any B2B situation, this activity, when 
measured by return on investment, would be 
too low to justify the time invested.

It’s not to say that it absolutely cannot 
work. The real problem is that most companies 
just don’t have the depth or discipline to 
really maintain social media pages over time 
and make it work. But for those that do use 
social media sites to post blogs, I think the 
company has to take real responsibility for 
the information being published there. For 
example, I have visited several industry blogs 
that are filled with typos and poor grammar. It 
can leave a reader wondering if this is the kind 
of attention your company pays to all details. If 
your company name is on it, then it represents 
your company and it should go through a 
proofing process. And what if the views of this 
blogger are not aligned with your company’s 
message or values? Do you think a disclaimer 
such as, Content published here is not approved by 
[company name] and does not necessarily express or 
represent the views or opinions of [company name], 
will convince the reader it is not the company’s 
voice? Does this mean your employees can 
say whatever they want? No matter what the 
disclaimer reads, people will perceive it as the 
company’s message, good or bad.

Another trend we are seeing with the use 
of social media is potential employers asking 
applicants for passwords to their social media 
accounts. Some are calling this an invasion 
of privacy and it very well may be; the courts 
will decide. But what happens when potential 
clients start looking at yours or your employees’ 
public pages? Will that affect their decision on 
doing business with you? It very well may or 
already has. Social media sites can certainly 
have a downside on your life and business.

Disgruntled employees are also using 
social media to tarnish the reputation of their 
employers. Some have been fired and now 
these cases are making their way into the legal 
system. This is giving employers reason to add 

strong social media policies to their employee 
handbook. Will employers be suing their 
employees for damages arising from postings 
on social media sites? Another question is over 
ownership of a blog and its followers. If your 
employee is posting a blog as part of their job 
function and has, say, 2,000 followers, and 
then leaves the company, who owns the blog 
and list of followers? That question will also 
be answered in the courtroom. One man was 
recently sued for over $300,000 as a result of 
this very issue.

Social media is a new frontier and, like 
anything new, that creates cultural shifts; good 
and bad sides are yet to be discovered. For 
businesses, I would say step wisely; don’t just 
rush in or summarily dismiss it. Really look at 
how it might help you and make sure that you 
do it in a way that brings you value. Have a 
clear, defined metric to understand the return 
on investment that would be acceptable to you. 
Don’t do it just for the sake of doing it.  SMT
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Tokyo, Japan
 
Intersolar 2012
June 13-15, 2012 
Munich, germany
 
National Electronics Week:
North africa 2012 
June 13-14, 2012 
utica Tunis, north africa

http://www.ipc.org/IPCCalendar.aspx
http://www.smta.org/news/smta_calendar/calendar.cfm
http://www.inemi.org/calendar
http://www.ems007.com/pages/events_calendar.cgi
http://www.canontradeshows.com/expo/esouth12/
http://www.mesago.de/en/SMT/The_conference/Welcome/index.htm
http://www.mesago.de/en/PCIM/home.htm
http://www.eipc.org
http://www.kpcashow.com/visitors/welcome/welcome.php?idx=1&lang=EN
http://www.ipc.org/calendar/2012/2012-Spring-Summer-Events-Opportunities/test-inspection-cfp.pdf
http://www.idtechex.com/energy-harvesting-europe/eh.asp
http://pfsdt.hust.edu.cn/M6/index.html
http://pfsdt.hust.edu.cn/M6/index.html
http://pfsdt.hust.edu.cn/M6/index.html
http://www.optatec-messe.com/en/38377
http://www.smta.org/education/presentations/presentations.cfm
http://www.smta.org/education/presentations/presentations.cfm
http://www.smta.org/education/presentations/presentations.cfm
http://www.smta.org/expos/
http://www.vlsisymposium.org/
http://www.vlsisymposium.org/
http://www.nepcon.com.my/
http://www.ipc.org/calendar/2012/2012-Spring-Summer-Events-Opportunities/IPC-Flex-Conference-CFP-0612.pdf
http://www.ipc.org/calendar/2012/2012-Spring-Summer-Events-Opportunities/IPC-Flex-Conference-CFP-0612.pdf
http://www.jpcashow.com/show2012/index.html
http://www.messe-muenchen.de/index.php?cms-action:navigate=id:16629277%7Clng:en%7Ctag:online&pagepart=vdbdetail&vacid=139&vaeid=5
http://www.nationalelectronicsweek.co.uk/NA2011default.asp
http://www.nationalelectronicsweek.co.uk/NA2011default.asp
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next Month in 
sMt Magazine

electronics manufacturers 
learned long ago that it’s much 
safer to be proactive with  
thermal issues throughout the 
product development process 
rather than face such issues when 
it’s too late. So why do thermal  
issues still get the “rodney  
dangerfield” treatment? Find out 
in the June issue of SMT Magazine.

The issue features content 
from the best in the industry, in-
cluding articles from Heraeus; 
Mentor Graphics; Saturn Elec-
tronics; Sinkpad Corporation; 
Electrolube; Rehm Thermal; 
and columns from Dr. Jennie 
Hwang; Chris Torrioni; and 
editors Ray Rasmussen and 
Barry Matties. 

if you’re not yet a subscriber, 
don’t miss out! click here to re-
ceive SMT Magazine in your inbox 
each month.

See you in June! 

http://smtonline.com/pages/newsletter_subscriptions.cgi
http://iconnect007.com/pages/email_columnist.cgi?clmid=33
http://iconnect007.com/pages/email_columnist.cgi?clmid=34
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http://iconnect007.com/pages/email_columnist.cgi?clmid=26
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