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Mixed Appreciation for

Depreciatfion

ing industry has pushed for changes to the US
capital equipment depreciation laws.
In fits and starts, various groups have converged
on Washington and lobbied legislators to shorten the
five-year cycle for fully depreciating new machines,

F OR SOME 15 years, the electronics manufactur-

saying the move would make the US more competi-
tive with other manufacturing-reliant nations. Most
major electronics manufacturing countries permit
one-to-three year depreciation schedules, boosting
near-term cash flow, which is critical in a low-margin,
materials-intensive business.

As communications director of IPC in the late
1990s, I myself spent untold hours running around
the US Capitol, drenched from the summer heat and
humidity, quietly gritting my teeth while listening
to my colleagues get tongue-tied on what it is the
industry does, while facing scads of lawmakers (or
their prepubescent aides) less-than-eager to help their
constituents. (Note to all would-be lobbyists: When a
legislator says they support your issue but won’t vote
for it because they are waiting for an omnibus bill,
they are lying.)

Thanks in part to 9/11 and subsequently in
response to economic cycles, lawmakers have from
time to time accelerated the schedule to three years
and raised the amount small businesses could write
off. But the US still trails its foreign competitors.

In October, President Obama offered full capital
depreciation (and also said he would make permanent
the much-sought-after research and development tax
credit). Alone, this is terrific news for US businesses.

But Obama’s plan comes with a catch: American
businesses would no longer get tax breaks to launch
operations offshore. “There is no reason why our tax
code should actively reward them for creating jobs
overseas,” Obama said.

For US-based electronics companies, that’s not so
easy to swallow. Much of the supply chain exists hap-
pily offshore; bringing it back would not be impos-
sible, but it’s just not likely to happen.

The National Association of Manufacturers sup-
ports the accelerated depreciation laws (it would be
hard to see why it wouldn’t), but reportedly has come
out against the other proposed changes to the tax
code. As 'm sure NAM is aware, hits to the US Trea-
sury must be made up elsewhere. Politics is the art of
compromise and tradeoffs. I would urge our industry
trade groups to collectively agree on what the elec-
tronics industry can afford to live with, and what it
can’t — and fast. They will be much more effective if
they speak with a unified voice.

| PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

Thai'd down. The US isn’t the only nation where busi-
ness and lawmakers are locked in a struggle over the
financial system. Thailand’s government is considering
a 21% hike in the minimum wage, leading several
executives to warn that the move could push labor-
intensive jobs elsewhere.

Thailand is home to several of the world’s larg-
est EMS firms, including Cal-Comp (no. 8 on the
Circurts Assemsly Top 50), Team Precision (no. 19), Delta
Electronics, Hana Microelectronics (no. 29) and SVI
Public Co. (no. 47), not to mention no. 24 Fabrinet,
which is based in San Francisco but whose factories
are in Thailand.

We will hear more and more of this as Asia faces
the same inevitable swell of worker pushback. Thai-
land suffers through massive worker strikes each year,
and its government may finally be capitulating. With
higher wages comes increased overhead, although it
would take far more study and space than allowed
here to examine whether the expenses related to train-
ing, turnover and (lower) end-product quality exceed
those of a higher minimum wage.

What we do know, however, is that much of the
world’s economic model balances on the import econ-
omies of the US and Europe. Over time, this will have
to change, lest we continue to endure sharp boom-
bust cycles every few years.

Hot spots. We had a terrific PCB West show last
month. Attendance was way up, and the energy was
palpable. (See the recap starting on pg. 28.) We are
grateful to our supporters, and have already made
plans to return to Santa Clara in 2011.

About that editorial ... T heard from a reader who felt
a reference in September’s Caveat Lector to the suicides
at Foxconn was in poor taste. My sincere apologies.
Also, Jabil contacted me to clarify that my descrip-
tion of the EMS company’s environmental database
management is just a small part of its overall solution.

Retiring types. My old friends Karen McGee and
Charla Gabert are retiring this fall. Through the years,
both have been wonderful colleagues and even better
friends. I wish them well.

Mdee Buetnw

Editor-in-Chief
mbuetow@upmediagroup.com

NOVEMBER 2010



The New Dual Lane
Momentum® Printer

Speed Flexibility Space

Speedline Accel Camalot Electrovert Protect

technologies
Speedline, Accel, Camalot, Electrovert, MPM and Protect are trademarks of Speedline Technologies or its subsidiaries and

Kn OW I ed g e N P ro CeSS affiliated companies. All other brands may be trademarks of their respective holders.



AROUND THE WORLD 7 IH

PCD&F People

Taiyo America appointed Haruomi Yoshi-
moto president, replacing Dave Rund. He
joined the parent company in 1998.

National Instruments promoted Alex
Davern to executive vice president and
chief operating officer.

Epec Engineered Technologies has named
Kendall Paradise president.

P. D. Circuits named Frank
* Alberto (pictured) vice presi-
dent of quality and technology,
and promoted Andy D’Agostino
to vice president of operations.

Follow us on Twitter (@mikebuetow).

Umicore named Robert Ziebart Taiyo prod-
uct manager.

San Francisco Circuits named Vickie Duarte
global PCB engineer, responsible for front-
end engineering, technical customer sup-
port and new business development.

PCD&F Briefs

FCI Microconnections (fciconnect.com) has
opened a 234,000 sq. ft. flex circuit manu-
facturing facility, its third in Singapore.

The World Intellectual Property Organiza-
tion has issued AT&S (ats.net) a pair of
patents related to printed circuit fabrica-
tion: one covering a method and sys-
tem for connecting multiple PCBs to at
least one frame or carrier element, and
PCB and frame or carrier element, the
other relating to a method for monitor-
ing the temperature-time-load of a PCB
and/or at least one component on a PCB,
using an irreversible color-changing time-
temperature indicator (wipo.int/pctdb/en/
ia.jsp?ia=AT2010/000067).

3M (mmm.com) has invested an undis-
closed sum in Printechnologics (printech-
nologics.com), forming a joint venture for
electronics circuits on paper or foil.

Rena-Hollmuller has named M&M Inter-
national (mandminternationalinc.com) its
representative for the Western US.

JX Nippon Mining & Metals (nmm.jx-
group.co.jp) has named Ticer Technologies
(ticertechnologies.com) its exclusive global
manufacturer and marketer of TCR thin film
resistor copper foil.

Ucamco (ucamco.com) named Ascentech
(ascentechll.com) sales agent for the North-
east US.

Faraday Printed Circuits ordered a Micro-
Craft (microcraft.com) MJP inkjet legend

8 | PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY
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DEVELOPING COUNTRIESTO DRIVE
ELECTRONICS ECONOMY

LA QUINTA, CA — Electronics equipment growth will outpace worldwide GDP by a
factor of more than two-to-one over the next five years, while PWB growth will be
even higher, according to a leading industry analyst.

Real gross domestic product compound annual average growth from 2009 to
2014 will be 3.5% worldwide, 6.3% for emerging economies. Meanwhile, electron-
ics equipment will experience a CAGR of 7.8%, and PWBs will have come in at
9.1%, says Henderson Ventures (hendersonventures.com). However, much of the
PWB growth is already behind us: From 2010 to 2014, the PWB CAGR will be
6.9%, Henderson says.

North American PWB production this year will grow 11.6% year-over-year,
then rise 2.4% and 5.2% in 2011 and 2012, respectively, says Ed Henderson,
principal analyst. In Asia, PWB production will be up 19.1% this year compared
to 2009. In 2011, it will grow 6.1%, and in 2012 PWB production will rise 9.7%.

World PWB production in 2009 was $44.2 billion. Between 2009 and 2014,
the CAGR for PWB production will be 9.1%, but only 6.9% for the world’s
major industrial nations. “Developing countries will be the ultimate drivers of the
economy,” Henderson asserted.

Speaking at IPC Electronics Industry Executive Summit in October, Henderson
said global gross domestic product will rise 3.7% in 2010, then 3.3% in 2011 and
3.8% in 2012. The rates are weak compared to historical norms of 4% or more,
Henderson said. World GDP next year for developed nations will be up 1.9%,
while emerging economies will see a rise of 6.1%.

Global equipment production in 2010 will be nearly $1.9 trillion, up from
$1.62 trillion last year. Equipment growth will be 22.6% this year; 8.7% in 2011
and 7.5% in 2012. -CD

IPC Summit;: ‘Firms Cash Rich, But
Spending Slow

LA QUINTA, CA — The US recession ended in the summer of 2009. You hadn’t
noticed? That’s because recovery has been “mediocre, muted,” according to Shawn
DuBravac, chief economist and director of research for the Consumer Electronics
Association (ce.org).

DuBravac led off the IPC Electronics Industry Executive Summit in October,
saying the recession, though over, has been followed by a slower recovery than
in the past, especially with regard to wages. Not much growth this year has been
from personal income, he said, which is merely “inching up.” Yet with the holiday
season still ahead, there’s reason to be hopeful, especially for companies with new
products in the pipeline.

The financial story is twofold. While companies are heavy on cash, they are
hoarding their wealth. Meanwhile, individuals are strapped for cash, and most of
their wages go toward living expenses and debt reduction.

Some 60% of technology companies’ revenue is earned overseas, Dubravac says,
and while firms are “cash rich,” they aren’t spending. For their part, “employees are
capturing less corporate compensation than ever” — or what DuBravac calls “corpo-
rate GDP.” Companies are doing well, but it’s “not trickling down to employees.”

Where recent income growth has been seen is in the area of government trans-
fers such as unemployment and social security, he notes, representing 18% to 19%
of total income — higher than any time in the past 30 years. The job market offers
only a small glimmer of hope: It will continue to recover slowly, he says. Interest-
ingly, technology is continuing to garner a greater share of the consumer spend.

After a strong first quarter for US technology growth in both units and revenue,
the recovery “dissolved,” DuBravac said, with a “mediocre summit” followed by
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printer and Emma flying probe tester.

TTM Technologies (ttmtech.com), the top
supplier of printed circuit boards to the US
Department of Defense, has approved an
agreement under which two of its major
shareholders would be prohibited from
accessing classified military information.

MacDermid’s Advanced Surface Finishing
division (macdermid.com) has implement-
ed a surcharge on selected products in
Greater China.

CircuiTs AsSemsLY People

Plexus named Steve Frisch regional
president, EMEA.

Dymax has appointed Luis Kowalewski
sales manager, Europe.

PartnerTech named Dan Turecek executive
vice president operations for systems inte-
gration and enclosures, and Peter Nilsson
executive vice president operations for
electronics. Jan Johansson has been pro-
moted to executive vice president market
& sales.

Zestron named Sal Sparacino technical
marketing manager.

IEC Electronics promoted Jeffrey T. Schlar-
baum to president and Donald S. Doody to
executive vice president.

SMT International named John Snyder
vice president, responsible for its Amtech
solder line.

Sypris Electronics named Jim Long vice
president of operations. He was vice presi-
dent and general manager of Sanmina-SCl
Optical Technology.

LaBarge has named Jens Hauvn director of
corporate quality.

CircuiTs ASSEmBLY Briefs

Danaher (danaher.com) has agreed to
acquire Keithley Instruments (keithley.
com) for approximately $300 million.
Keithley’s board has approved the pur-
chase.The acquisition is subject to custom-
ary closing conditions.

Aqueous Technologies (agqueoustech.com)
named Restronics (restronics.com) manu-
facturer’s representative in IN, OH, Eastern
Ml, KY and Western PA.

AIM (aimsolder.com) named G-Force Reps
(gforcereps.com) its representative for the
complete line of electronic solders and
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negative growth. A new recovery is just starting, and unit growth this year will
amount to a few percentage points.

The biggest growth will be for tablet PCs, but they are starting from a low
mark. Seven million tablets will be sold in 2010, and sales are set to double in 2011.
Video game hardware is forecast to fall about 1% compared to 2009. However, in
the fourth quarter, the CEA expects a “launch of new accessories [that] will extend
the life of consoles by a year or two.” Typically, video game hardware has a five-
year cycle, but the current trend is closer to six to six-and-a-half years.

Digital camera revenue growth is exceeding unit growth, an “unusual” occur-
rence. TV unit growth has been mediocre, and inventory high, and something must
give in the balance between stock levels and pricing. MP3 players are down 11%
year-to-date compared to 2009. For 2010, they will be down about 8% year-over-year.

“3D TVs and tablets will easily see half their volume in the fourth quarter” this
year, and “tablets will become the first and second quarter 2011 story,” DuBravac
says. New gaming accessories also will do well in the December quarter.

DuBravac believes half the annual volume of new technology comes in the fourth
quarter, a phenomenon he calls the “50% Rule.” Of total technology, new and old,
22% of annual volume is in the first quarter, and 27% is in the fourth quarter. -CD

Cal-Comp Enters US Market

SAN DIEGO — Cal-Comp, the world’s sixth largest EMS company, has acquired
Spectragraphics, the parent company of a pair of US-based EMS companies, for an
undisclosed price. The deal is expected to close in the next 60 days.

Despite its size — Cal-Comp (calcomp.co.th) had sales of $3.3 billion last year —
the acquisition marks Cal-Comp’s entry in North America. The company is based in
Thailand, where it also is publicly traded, and itself is a subsidiary of Taiwan’s Kinpo.

As part of the acquisition, Cal-Comp will get EMS firms SMS Technologies
(smstech.com), based in San Diego, and Total Electronics (totalems.com), which has
factories in Logansport, IN, and Reynosa, Mexico.

Spectragraphics has revenue of roughly $60 million to $70 million a year, according
to reports. All 400 workers will be offered their current jobs under Cal-Comp. -MB

Pb-Free Material Could Replace PZT in
Electronics

LEEDS, UK — A group of UK researchers are showing the potential of a new synthetic
material to replace Pb-based ceramics in electronics devices.

Materials engineers at the University of Leeds are investigating Pb-free ceramic
materials that, in certain situations, can be substituted for traditional piezoelectric
material such as lead zirconium titanate (PZT). The researchers assert a Pb-free
ceramic known as potassium sodium bismuth titanate (KNBT) shows many of the
necessary electrical and chemical properties of an adequate replacement for PZT. The
researchers also claim KNBT is lightweight and usable at room temperature.

Their research was published in October in Applied Physics Letters.

Pb-bearing piezoelectrics are currently exempt under EU RoHS laws, but uncer-
tainty looms over long-term exemptions of any Pb-based material. -MB

Suntron Shines in Rain

METHUEN, MA - Rain drizzling on their heads, a small army of state and local politi-
cians were on hand as EMS firm Suntron (suntron.com) in October officially opened
its manufacturing plant here north of Boston.

The company recently checked into the new 41,000 sq. ft. factory, consolidating
two plants in Manchester, NH, and Lawrence, MA. The new site employs about 100
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chemicals in TX, OK, LA and AR, and T &
M Sales (tmsales1.com) representative of
its solders and chemicals in Delaware and
Maryland.

Production Solutions (production-solu-
tions.com) was awarded a patent for its
Red-E-Set VB board support for screen
printers with vacuum box tooling. It was
issued to Douglas Farlow andThomas Gor-
don.The patent number is 7,311,302.

Henkel (henkel.com/electronics) named
JSK Associates representative in Northern
CA and NV.

DEK (dek.com) and AGI have expanded
their partnership with the addition of a
stencil manufacturing facility in Tampa, FL.

Miele & Cie. (miele.de) has purchased a
Seho Systems (seho.de) THT manufactur-
ing line.

Yincae Advanced Materials (yincae.com)
named Cobar Europe (cobar.com) distribu-
tor of its underfill and solder joint encapsu-
lations in Europe.

SisTech Manufacturing (sistechmfg.com)
installed a Europlacer (europlacer.com)
iineo-Il SMT machine.

BulovaTechnologies’ sale of its Melbourne,
Fl-based EMS unit should be complete by
this month.

Saline Lectronics (lectronics.net) pur-
chased a Juki (jukiamericas.com) FX-3 XL
chipshooter.

MEC (meccompanies.com) added a Myda-
ta (mydata.com) MY500 jet printer and
MY100-DX14 placement machine, Vitron-
ics (vitronics-soltec.com) XPM820 reflow
oven and a Yestech (yestech-inc.com)
BX-12 AOI to its Milwaukee plant.

Milara (milara-smt.com) named Techni-
ca U.S.A. (tecnicausa.com) to represent
its line of screen printers for SMT and
semiconductor manufacturing on the West
Coast and Colorado, and G-suit (gsuit.co.il)
as its representative in Israel.

Computrol (computrol.com) purchased an
Essemtec (essemtec.com) Tucano screen
printer.

Frontline Electronics (frontlineelectronics.
com) installed a CyberOptics (cyberoptics.
com) QX500 AAOI and SE350 SPI.

Nokia (nokia.com) will shutter its last man-
ufacturing site in North America, sources
say.

Flextronics (Flextronics.com) opened a
one million sqg. ft. computing facility in
Wuzhong, its fourth in China.
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workers, officials said.

Among those welcoming Suntron CEO Ed Wheeler to town were Massachusetts
Lt. Governor Tim Murray, US Rep. Niki Tsongas (D-MA), Mayor William Manzi III
and others. Wheeler addressed the company employees, visiting dignitaries and local
press, saying that while “a lot of competitors are leaving the area,” he believes “there
are a lot of customers here to serve.”

Inside, the facility, billed by the electronics manufacturer as “state of the art,”
was a bit long in the tooth insofar as equipment was concerned. The three SMT lines
featured Speedline Ultraprint printers, two Siemens and four Mydata 15E placement
machines and Heller 1800W reflow ovens.
AOQL s performed on an Agilent SP50, and
x-ray on a new Dage XD7500VR. A pair
of Electrovert Econopak wave machines
occupied one corner. Because of the range
and mix of customers, parts are kitted.
The plant mostly uses no-clean, but some
cleaning is performed using alcohol and
a Trek aqueous cleaner. New to the site
is a PVA automated conformal coater.
One interesting sight was a portable Class
10,000 cleanroom.

According to vice president of sales
Roger White, Suntron Northeast has
between 28 and 32 customers on aver-
age, and its top seven customers make
up about 60% of the site’s sales. The
plant builds for military, aerospace (it has
AS9100 certification), medical, network-
ing, semiconductor and industrial applica-

Suntron VP of sales Roger White at

the new EMS site. tions, among others. -MB

Report: Foxconn Employees \Work
Excessive OT

SHANGHAI — China state media in October issued a series of reports accusing Foxconn
of forcing local staff to work excessive overtime and exploiting interns. The world’s
largest EMS company denies the charges.

University researchers surveyed 1,736 workers at the EMS company’s factories
in nine cities. They learned, per reports, that employees work an average 83.2 hours
overtime monthly, more than twice the maximum 36 hours stipulated by Chinese law.

Survey results also showed workers

claiming Foxconn cheated them out
of overtime payments, while making
interns work more than the legal eight-
hour day. The firm is also accused
of providing insufficient checkups for
exposure to harmful substances, reports
say.

In a statement reported by Bloom-
berg, Foxconn extolled its commitment
to a safe working environment and less
dependence on overtime.

NEW DIGS The applications lab at
PVA's new 115,000 sq. ft. headquarters.
The coating equipment OEM’s lab
handles R&D and customer trials.

Foxconn has been under fire for low
wages and the suicides of more than a
dozen workers this year. —-MB
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DEFENSE DROPS

Trends in the U.S. electronics equipment market (shipments only).
% CHANGE

JUNE* JULY" AUGUSTYTD%
Computers and electronics products  -3.0 8.6 -2.1 12.3
Computers 1.7 35 7.1 13.9
Storage devices -34 15.5 -0.8 26.3
Other peripheral equipment 2.8 3.6 -4.4 3.6
Nondefense -6.5 11 -0.5 -0.7
communications equipment
Defense communications equipment  -4.7 120 -14.6 -44
A/V equipment 12.4 -9.5 24 5.5
Components’ -1.0 5.2 -0.5 15.7
Nondefense search and 5.5 -8.3 15 -0.3
navigation equipment
Defense search and -4.2 -3.3 0.7 -1.4
navigation equipment
Medical, measurement and control -1.7 3.1 -1.8 19.5
"Revised. *Preliminary. 'Includes semiconductors. Seasonally adjusted.
Source: U.S. Department of Commerce Census Bureau, Oct. 4, 2010

ISM: Overall Manufacturing Picture
‘Less Encouraging’

TEMPE, AZ — Economic activity in the manufacturing sector
expanded in September for the 14th consecutive month, says
the Institute for Supply Management (ism.ws). However, the
PMI fell 1.9 percentage points to 54.4%.

A reading above 50% indicates the manufacturing
economy is generally expanding. However, the ISM went so
far to point out that despite the positive PMI, many of the
trend lines appear weaker. The PMI has fallen 11.5 percent-
age points from its January peak of 65.9%.

The overall economy grew for the 17th consecutive
month, says ISM.

“While the headline number shows relative strength this
month, the overall picture is less encouraging,” said ISM
spokesman Norbert J. Ore. “The growth of new orders
continued to slow, as the index is down significantly from its
cyclical high. Production is currently growing at a faster rate
than new orders, but it typically lags and would be expected
to weaken further in the fourth quarter. Manufacturing has
enjoyed a stronger recovery than other sectors of the economy,
but it appears that weaker growth is the expectation for the
fourth quarter. Both the inventories and backlog of orders
indexes are sending strong negative signals.”

MAY JUNE JULY AUG. SEPT.
PMI 604 597 562 555 56.3
New orders 65.7 657 585 535 531
Production 669 66.6 614 570 599
Inventories 494 456 458 502 514
Customer inventories 330 320 380 39.0 435
Backlogs 575 595 570 545 515

Sources: Institute for Supply Management, Oct. 1, 2010
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METALS INDEX

DATE 10/5/09 7/5/10 8/2/10 9/6/10 10/4/10
LME Cash Sellerand $6.66 $7.82 $8.87 $9.69 $11.36
Settlement for Tin

LME Cash Sellerand $0.95 $0.79 $0.91 $0.98 $1.03

Settlement for Lead

Handy and Harman ~ $236.13 $260.41 $262.90 $290.11 $317.47

Silver (COMEX Silver)

LME Cash Seller and
Settlement for Copper

Semi Forecast Lowered

EL SEGUNDO, CA — Saying consumer demand is slowing
and inventories are rising, research firm iSuppli (isuppli.
com) lowered its 2010 semiconductor revenue forecast to
32%, down from its previous outlook of 35.1%. Despite
the reduced outlook, revenue will top $302 billion, up some
$28 billion over the previous peak in 2007, iSuppli predicts.

iSuppli also lowered its forecast for fourth quarter

$266 $2.92 $327 $347 $3.68

sales, saying revenue will drop 0.3% sequentially, the first
sequential drop in seven quarters. Still, iSuppli does not
believe this signals the start of a significant downturn in
the global semiconductor market. Global semiconductor
revenue in 2011 will rise 5.1%, iSuppli predicts.

Meanwhile, The Information Network (theinforma-
tionnet.com) says indicators show a market correction
is looming, with some signs pointing to a repeat of the
correction that began after 2000.

Handset Sales Ring Up Big Gains

VANCOUVER — The number of mobile handset shipments
is forecast to rise from 1.20 billion in 2009 to 1.43 bil-
lion in 2011, up 19.2%.

“We expect stronger growth over the next two years,
especially in key Asian and African markets,” said IE
Market Research (iemarketresearch.com).

Equipment Outlook Mixed

LOS ALTOS, CA — Worldwide electronics equipment pro-
duction will grow 13.3% this year, rebounding nicely fol-
lowing last year’s 9.9% drop, according to new research
from Henderson Ventures (hendersonventures.com).
Henderson forecasts output to expand 6.6% in 2011, then
tick up to 7.3% in 2012 as commercial and industrial gains
are partially offset by slumping military electronics demand.

INDUSTRY MARKET SNAPSHOT

Book-to-bills of various components/equipment.

APR. MAY JUNE JULY AUG.
Semiconductor equipment’ 113 113 118 1237 1.17°
Semiconductors? 50.4% 48.5% 42.6% 37%" 32.6%°
Rigid PCBs? (North America) .11 113 112 111 1.08
Flexible PCBs? (North America) 098 118 115 1.06 1.01
Computers/electronic products*  4.87 490 5.00 4.88" 4.90°
Sources: 'SEMI, 2SIA (3-month moving average growth), 3IPC, “Census Bureau, PPreliminary, "Revised
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The Rising Tide of the OEM Market

As influential as EMS and ODMs have become, the customer still drives the ship.

THOSE WHO FOLLOW our research know that we
keep a close watch on the worldwide OEM electron-
ics manufacturing market: in other words, the com-
puter, communications, consumer, industrial/medical
and transportation sectors. It is an enormous market
in terms of revenue, reaching nearly $1 trillion in
cost of goods sold (COGS) in 2008, before slipping
to $832 billion in 2009. The recovery is expected to
exceed $1.3 trillion by 2014 (TABLE 1).

What is remarkable about this market is its
robustness. It is difficult to find markets of this scale
expanding at the current compounded growth rate.
Even more amazing, this growth rate has increased
over the past few years with the explosion of note-
book computer and mobile phones. Over the next
five years, taking the lead will be consumer products:
flat and 3D TVs, video game consoles, navigation
systems and IP set-top boxes.

By comparison, the medical market always has
exhibited solid growth, mainly in the areas of diag-
nostics and imaging systems, as well as surgical
and monitoring equipment. Until last year, indus-
trial product industries such as semiconductor capital
equipment, process control, test and measurement
steadily expanded. Yet with the downturn in 2009,
capital spending went into a deep freeze and these
markets contracted considerably. The same was
true for automotive, although aerospace/defense and
“other transportation” (off-road, trains, marine, etc.)
remained relatively strong.

Nearly two-thirds of the OEM market today is
comprised of computer and communications equip-
ment, and this percentage is growing. A large part
of these markets is commodity in nature, and once
OEMs engage in the Asian business model of margin
depletion, little money will be made from these sec-
tors. Oddly, ODMs - e.g., Compal, Asus, Quanta,
Wistron — (discussed later) last year were some of
the most profitable in the industry. While EMS com-
panies collectively lost $7 billion, ODM firms made

TABLE 1. Electronics End-Market COGS, 2009-14

SEGMENT 2009 2014 CAGR
Computer 265.6 425 9.90%
Communications 197 304.7 9.10%
Consumer 167.2 273.3 10.30%
Industrial/Medical 93.9 142.5 8.80%
Transportation 108.5 164.9 8.70%
Total 832.2 1310.4 9.50%

Source: New Venture Research
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more than $2 billion.

The real story behind the growth of the OEM
market lies in where the assembly of electronics
products is taking place. In this regard, we must look
to EMS suppliers (including ODMs) and the growth
rates associated with production taking place in low-
cost countries. Today, EMS assembly accounts for
around 32% of the total electronics assembly market.
Yet, the growth of these suppliers in the three general
low-cost regions (Mexico, Eastern Europe and China)
account for the highest growth rates. Assembly value
in these regions is approximately 50% higher than in
high-cost regions (TABLE 2).

The reason behind this disruption can be under-
stood when comparing the average base (unbur-
dened) labor rates throughout the world. Essentially,
an order of magnitude of difference exists between
low-cost regions when compared to the base wage
rate of high-cost regions. Making matters more dif-
ficult, once a competitor makes the move to migrate
to a low-cost region, frequently others must follow
to remain viable. (As the saying goes, “Once one cow
crosses the rivers, so will the others.”)

ODMs have disrupted the EMS industry the way
EMS suppliers once disrupted the OEM electron-
ics industry. ODMs typically have a lower cost of
operation due to their focus on a select few commodity
products and Asian (read: low cost) operations base.
Moreover, they can discount assembly prices by raising
design and component prices, which are often bundled
into their service offering. As a result, EMS suppliers
find it difficult to compete head-on with ODMs in the
product sectors they excel in. FIGURE 1 highlights the
supplier differences in value-add and cost.

OEMs like to work with ODMs because they
lower risk by not having to invest in design, materi-
als or inventory. (EMS companies frequently burden
the OEM customer with inventory liability.) ODMs
are attractive because they offer advanced designs,

TABLE 2. Regional EMS Growth, 2009-14

EMS MARKET 2009 2014 CAGR

Americas 47,519 84,424 12.20%
Mexico 15,056 27,348 12.70%
EMEA 38,105 66,713 11.90%
Eastern Europe 25,631 46,748 12.80%
APAC 184,070 321,728 12.20%
China 112,543 202,895 12.50%
Total 269,693 478,865 12.20%

In $millions. Source: New Venture Research
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FIGURE 1.The cost-development rela-
tionship among ODMs, OEMs and EMS.

fresh IP and the ability to bring a new
product to market very quickly. Where
ODMs add risk is they may become a
competitor once they gain the product
design knowledge, as has happened
in the past. Moreover, ODMs have a
tendency to tolerate unhealthy profit
margins just to gain a contract, and
this can be risky for the OEM should
the market soften or they go out of
business. (Oddly Foxconn, officially an
EMS company, succeeds by modeling
an ODM business.)

With the EMS industry only

accounting for 32% of the total avail-
able market, one might ask where is the
other 68% of OEMs’ product assem-
bly? The answer can be found in the
geography and business philosophy of
leading electronics companies. By a
wide margin, Asian (Chinese, Taiwan-
ese, Korean and Japanese) OEMs prefer
to manufacture in-house, while North
American and increasingly European
OEMs are looking to outsource as their
business model. Further, a high per-
centage of OEM products simply are
not able to be outsourced (aerospace,
defense, medical, industrial, etc.) and
are often produced in such low volumes
that subcontracting is not profitable.
As a result, EMS penetration is not
expected to exceed more than 37% of
the entire OEM industry by 2014.
NVR has analyzed the opportunity
for outsourcing by market industry and
leading OEM company in excruciating
detail through its recent report, The
Worldwide OEM Electronics Assembly
Market — A Unique Database Provid-

ing Global Electronics Assembly Data
on Nearly 300 of the World’s Leading
Outsourcing Companies, published in
August 2010. For more information, see
newventureresearch.com. CA

TABLE 3. 2009 EMS Labor Rates
by Country

COUNTRY HOURLY RATE (USD)
Germany 10.65
England 9.09
Japan 8.27
us 8.45
Ireland 7.86
Spain 6.21
Hungary 3.84
Mexico 2.35
Taiwan 2.7
India 1.3
China 1.22

Fast and Accurate PCB Depaneling

Features:

* Small footprint

Atlanta Office:

Norcross, GA 30071
Phone: (770) 446-3116
Fax: (770) 446-3118

SAYAKA PCB ROUTERS

When time and accuracy are vital, Seika’s Sayaka PCB routers
are the only solution for low-stress depanelization.

3030 Business Park Drive, #3030-B

* Lows-stress, fast and precise depaneling

* Simple Graphical software programming capability

* Clean depanelization through efficient dust collection

» Standard QR code reader and fiducial check by CCD camera
* Low maintenance and low running cost

* Max board size 500mm x 600mm (20”x 24”)
* Tabletop, standalone and inline routers available

Learn more about Seika’s entire SMT line of
assembly products at www.seikausa.com.

Los Angeles Office:

3528 Torrance Blvd., Suite 100
Torrance, CA 90503

Phone: (310) 540-7310

Fax: (310) 540-7930

| PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

NOVEMBER 2010




Leadless Device Rework
EAST and SIMPLE

StencilMate™ patent pending BEST Inc.

B EST — Your BEST choice in PCB test/rework/repair/prototyping, Solder Training and Tools

3603 Edison Place * Rolling Meadows, IL 60008 visit us online today
v: 847.797.9250 - f: 847.797.9255 at www.solder.net



BEST

3603 Edison Place * Rolling Meadows, IL 60008
v: 847.797.9250 - f: 847.797.9255

The ease of the StencilMate™ process allows even the new repair technician to
be able to rework QFN, LGA or other leadless packages. After aligning and
applying the StencilMate™ to the bottom of the package , simply roll solder
paste into the aperfures with a miniature handheld squeegee and dlean the
Step g;sgcgggei%f‘gmng? Step 3 - Reflow paste 53?52 on surfuce of any remnant solder. After reflow, simply peel off the StencilMate™
from the bottom of the package and now you have a very uniformly “bumped”
component. This “bumped” part can now be placed using gel flux either with a
split vision rework system or be fitted into the apertures of a mating
StencilMate™ on the PCB-without the use of any high end rework equipment.

Fawammanrnvnry

Step 2 - Place the StencilMate™ Step 4 - Remove StencilMate™

ligning it with part lands and from device clean and inspect! ; ™ ; A
alging i toat?]ess_?gncﬂ. Place and eow i 5ot StencilMate™ stencils, whether they are a mated pair or just for the pur.T are
Squeesee solder paste with a Use mating stencil on board. conveniently packaged in a 20 bag count. These stencils are fabricated in a few

manual squeegee into the apertures. ) )
business d(]YS fo your exact reqmrements.

.. I E u Ila' To ORDER or obtain your FREE evaluation kit*
847.797.9250 call or visit BEST online today. * To qualified users

or visit us at www.solder.net www.solder.net/stencilmate/evalkit.asp



The PCB Plateau

Stability has descended on the global industry, but for how long?

and listening to the news, it
seems we have reached a plateau. The way I read the
tea leaves, the number and rate of auctions within the
industry has subsided and, due to a combination of
dollar valuation, global economic activity and probably
just dumb luck, terra firma has been attained by com-
panies large and small.

Jeez, T hope I don’t jinx things!

A plateau — a place where one can catch their breath
and regain their footing — represents an opportunity.
The opportunity is to set, or reset, your bearings, and
in doing so, either “stay the course” you are on or set
out on a challenging, if not exciting, new path. In either
case the goal is to reach higher ground and not to slide
backward — and the time is now!

Why is this the plateau and now the time? Simply
because, for our industry, there is no region that current-
ly has either a marked advantage or significant disadvan-
tage. We appear to be on a level, if quirky, playing field,
like a football field that looks flat but has enough divots
to make a ball kick up in unexpected ways, or stop roll-
ing for what appears to be no apparent reason. When
playing on such a quirky field, it often can be mastered
by changing how you play your game to take advantage
of the inconsistency and all the questions that creates.

And what kinds of divots are on the field? With so
much contraction in North America, weaker players are
gone; what remains are companies with expertise, tech-
nology and tenacity. Ditto for Europe, where even fewer
players are poised to supply technology and environmen-
tally dynamic demand. In Asia, especially China, costs are
rising and employee turnover is increasing from already
historic highs — factors that, combined, raise serious ques-
tions regarding consistency and cost-effectiveness. The
impact on buying has escalated over just a few quarters,
with many now seeking alternatives. Meanwhile, the rest
of the world is just that; no area has emerged as a poten-
tial game-changing, leading-edge threat.

In short, the paradigm shift taking place for over a
decade appears to have stalled, albeit temporarily, with
the result that globally, all parties are in a similar posi-
tion of needing to take a deep breath, look around, and
either confirm or reset strategic direction.

Taking advantage of the moment and reevaluating
goals, directions and tactics is not easy. The opportunity
for all is to build on what they have done well, while
addressing the perceived or real weaknesses experienced.
For those in North America, where the perception is that
the highest technology is not available and everything
is too expensive, the challenge is to demonstrate how
to cost-effectively provide the highest technology. For
Asia, where first-pass yield and quality are perceived to
be less available than irrational pricing, the challenge is
to demonstrate better quality and responsiveness. For
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those perceived to be limited by virtue of being “niche”
or regionally focused, the challenge is to demonstrate
ability to supply a variety of product across a wide geo-
graphic footprint.

Not all companies may want to make dramatic
change, as many are successful “sticking to their knit-
ting” and maintaining focus. If you are successful and
believe your business can achieve higher plateaus, then
you are on the right course, and you have confirmed
your bearings. For those companies, this is the time to
take a breath and re-commit your talent and treasure to
the challenge of staying the course with as much vigor
as possible.

However, many people and companies are not con-
tent. Some are still bitter that the “old order” of the last
century radically changed, resulting in a lack of demand
for same-old technology provided at less-competitive
pricing. Others may have embraced change, but simply
needed more time to accumulate the capital and talent
to compete at the desired level. Still others may have
experienced moderate success, but are not comfortable
as to how long they can thrive on their current course.
To those individuals and companies, now is the time!

Now is the time to look around and engage in
making things happen. Now is the time to consult with
suppliers, customers and employees to see what can be
done better, faster, cheaper — either to enhance cost-
effective delivery of technology or significantly improve
service and quality performance. Now is the time to set
the course and identify what is needed and how to reach
the next plateau.

Testing the waters, asking the questions and setting
the course — realistically — is never easy, but taking the
required steps is. Begin by taking inventory of where
you are, where your customers are, what resources you
have and what resources you can reasonably expect to
be able to muster as you progress. Then set a clear goal.
From that goal, identify steps/actions to be made and
the benchmarks that identify successful achievement of
those tasks leading toward attaining the overall goal.
And finally, set a timeline and get moving!

While the playing field appears level, be prepared
for a lot of quirky sidesteps and pushback as the indus-
try gains speed en route to the next plateau. The pause
in velocity is now. However, as each company regains
breath and footing, the opportunity to reconfirm or reset
direction will quickly pass.

I’s been a long time since the PCB industry has
enjoyed such stability. Equally, we all have learned over
the past decade that our market rewards those that are
agile both strategically and tactically, and punishes those
that remain internally focused and inflexible. I believe
there is more opportunity — for everyone — than we have
seen in a long, long time.

PETER BIGELOW
is president and CEO
of IMI (imipcb.com);
pbigelow@imipch.
com. His column

appears monthly.
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ON THE FOREFRONT

The Flexibility of Flex Circuits

The age-old technology is seeing new life in medical and other applications.

E. JAN
VARDAMAN
is president
of TechSearch
International

(techsearchinc.com);

jan@techsearchinc.
com. Her column
appears bimonthly.
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OLD TECHNOLOGIES NEVER die; they just get new
names. Flex circuits have been around for many
years in the IC packaging business and have been
called almost as many names. In the early days, it
was tape automated bonding (TAB). General Electric
called it Mimi-Mod; Motorola called it Spider, and
the first patent (despite an IP spat) was granted to a
woman engineer, Frances Hugle, of Hugle Industries
in 1969. TAB became famous with its use for driver
ICs, connecting them to the ITO pattern on the glass
LCD panel. The tape was Sn-plated, and issues with
tin whiskers led Japanese companies such as Shindo
Denshi to tackle the problem using an annealing pro-
cess and nitrogen storage before bonding. Later the
technology was called tape carrier package (TCP).
Over time die were even mounted on the flex circuit
without a bonding window, and the concept became
chip-on-film (CoF).

In the 1980s, National Semiconductor licensed
its TapePack technology to a several companies. This
package also used TAB bonding. Kenzo Hatada at
Matsushita developed a process called TB-TAB where
a gold bump was placed on the TAB tape and die
connected. Memory could be stacked this way. Other
companies also worked on versions of stacked mem-
ory with flex circuits, including Thomson-CSF (now
Thales). A 3-D package using flex is still in produc-
tion today at 3D Plus, the spinoff from Thomson-CSP
founded by Christian Val.

TCP was also used in Apple’s Newton. LSI’s ASIC
was TAB-bonded in the package. The effort was the
result of close cooperation among engineers with LSI,
Sharp and Apple.

In the 1990s, flex became popular. A few ex-
engineers (Tom DiStefano and Igor Khandros) from
IBM got together and formed a company called IST.
They came up with an idea to use flex circuit to make
a really small chip-size package called a pBGA. They
filed some patents, moved to California, and gave
the company the name Tessera. Really, it was flex
circuit. IC bond pads were connected to an array
of bump connections on flex. Some DRAMs still
ship in this type of package because this flex circuit

FIGURE 1.This hearing aid from Starkey Labs uses a
flex circuit.
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structure provides excellent electrical performance.
NEC developed a CSP using a flex circuit and called
it a fine-pitch ball grid array (FPBGA). Nitto Denko
used its ASMAT file with a z-axis conductive flex cir-
cuit material to form its Resin-Molded CSP. GE also
applied its multichip module technology where flex
was used for the redistribution layer to single-chip
packages and called it a thin zero outline package.

Around 1995, Texas Instruments also came up
with a CSP using flex circuit in order to make a low
profile package called pSTAR BGA. This package is
still in production. While these configurations were
all single chip, flex circuit substrates were used for
stacked die CSPs by Sharp, Fujitsu, NEC and many
others because they provided an ultra-thin substrate
that enabled a reduction in z-height. Tessera devel-
oped a folded, stacked package and Intel licensed it.
This folder flex used a two-metal layer tape and was
in production for many years until the business was
sold to Marvell and the product reached end-of-life.
Flex circuit substrate CSPs are being replaced by
thin-core laminate substrates for new designs, but
still accounted for approximately 1.5 billion pack-
ages in 2009.

Mainly driven by electrical performance, TAB
tape was also used for large-size BGAs (TBGAs). Both
TAB bonding and wire bonding have been used to
interconnect pads on the die to flex circuit substrates.
Semiconductor companies shipping TBGAs include
Fujitsu, Freescale Semiconductor, NEC, Renesas and
Toshiba. As rigid laminate materials have improved,
TBGA volumes have declined.

While flex’s popularity seems waning in some 1C
packaging applications, it is increasingly popular in
medical electronics. Hearing aids, catheters, imag-
ing systems, some implantable devices, and other
products depend on flex to meet space, performance
and density requirements. The digital hearing aid is
a good example. Flex is often a folded product, and
depending on the number of folds, the overall length
of the flex can be more than 1.5 cm with one or
multiple arms and a width of 5 to 10 mm (FIGURE 1).

Flex is expected to play an important role in
wearable electronics. One of a number of research
programs underway in Europe, TIPS is targeted at
medical and health monitoring both for implanted
and non-implanted medical devices, sensors, and por-
table and wearable electronics systems. A folded thin
flex module containing a hearing aid flip-chip set has
been demonstrated.!

Flex already is playing a role in the embedded
component business for a multitude of applica-
tions. The Imbera technology, known as Integrated

(continued on p. 42)
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When a Line Isn’t a Line

Measuring differential pair loss requires both lines to calculate the attenuation.
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serial link channel works
is just as dependent on the losses in the channel as its
differential impedance. It’s not enough to just meet
an impedance spec and verify it using a test coupon.
In many applications, it is also important to meet a
loss spec and verify the attenuation of traces in a test
coupon.

Measuring the signal-ended impedance of a trace
in a test coupon is easy. All fab shops understand how
to do this with a TDR. It is tempting to think that if
you use the same line in a single-ended line or in a dif-
ferential pair, a line is a line, and all you have to do is
measure it once to know the differential impedance.
After all, the other line in the pair isn’t even touching
its partner.

Unfortunately, while the proximity of the other
trace in a differential pair will not change its single-
ended impedance, the proximity will strongly affect
the differential impedance of the pair.

Just measuring the single-ended impedance of one
line in a differential pair, either as an isolated line or
when in the differential pair, is no indication of the
differential impedance. The measurement can be off
by as much as 10% for tightly coupled microstrip
or stripline pairs. You have to go the extra step to
measure the differential impedance using a dual TDR.

Likewise, you cannot accurately measure the loss
in a differential pair by just measuring the loss of one
of the lines, or of an isolated version of that line. The
coupling between the lines will affect the measured
attenuation.

FIGURE 1 is a comparison of the differential inser-
tion loss of a differential stripline pair, and of just one
of the lines as a single-ended line stripline.

We usually define the losses in a uniform trans-
mission line as the attenuation, measured in dB. Since
the loss, in dB, increases linearly with the length of
the line, it is often more common to use the metric of
the attenuation per length, measured in dB/inch. For
example, Intel recommends differential pairs used in
PCle III interconnects have a loss less than 0.78 dB/
inch at 4 GHz.

In addition to geometry features, raw material
and processing conditions will affect loss in a dif-
ferential pair, making it necessary to measure test
coupons to verify the attenuation per length of dif-
ferential pairs on the board.

Unfortunately, measuring the attenuation of a
single line that may be isolated or part of a differ-
ential pair will provide a different attenuation than
the actual differential impedance of the pair. The
coupling between the lines will affect the differential
attenuation. Here’s why:

Loss arises from conductor loss and dielectric

PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

loss. In stripline, attenuation from the dielectric loss
is independent of coupling. If there were no conduc-
tor loss, measuring the attenuation of an isolated
single-ended line or one line in a differential pair
would give the same attenuation as the attenuation
of the differential pair.

The attenuation from the conductor loss depends
on the coupling in two ways. The attenuation is not
due to just the series resistance alone, but the ratio
of the series resistance to the differential impedance.

If the line width is kept fixed, and the two lines
in a differential pair brought closer together, the dif-
ferential impedance will decrease. Even if the series
resistance were to remain constant, the attenuation
would increase because the differential impedance
decreased.

To complicate this further, the proximity of the
two lines in the differential pair changes the current
distribution in the conductors, changing the series
resistance. Surprisingly, the series resistance goes
down with tighter coupling as more of the return cur-
rents overlap and cancel. The current crowding in the
signal traces does not start to increase the signal path
series resistance until the spacing between the lines is
much less than a line width.

The combination of these two effects means the
attenuation will be higher in a differential pair than
if measured as single-ended lines. This is all the more
reason for all suppliers and users of high-speed dif-
ferential channels to begin implementing a process to
measure the attenuation of differential pairs for all
high-performance boards.

Insertion Loss, dBlinch

1.6+

A8+

26 2o aebs  eebd  sebs  1elo
Frequency

FIGURE 1.Comparison of differential insertion loss
of a differential stripline pair and a single-ended
line stripline.
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Creating Chip CAD Library Parts Smaller than 1608

How to interpret IPC-7351B for subminiature components.

TOM HAUSHERR
is EDA library
product manager

at Mentor Graphics
(mentor.com);
tom_hausherr@
mentor.com.

AS COMPONENTS SHRINK, PCBs must be adjusted
to compensate, or problems will occur. Among those
issues is tombstoning, and here we look at possible
solutions for assembly attachment of 0603 (EIA
0201) chip components.

IPC-7351B has a different set of rules for compo-
nents smaller than 1.6 x 0.8 mm: namely, to adjust
the land pattern to prevent tombstoning. But IPC-
7351B also supports a three-tier environment system
that includes “Least, Nominal and Most” land pat-
tern sizes. The IPC-7351B mathematical model for
land (pad) size and spacing calculations considers
these tolerances the same for parts both larger and
smaller than 1.6 x 0.8 mm. The final land size and
spacing must compensate for the component body,
terminal, and fabrication and assembly.

Gullwing, J-lead, wrap-around and L-bend com-
ponent lead forms have a toe, heel and side solder
joint goal. These values also are refined for large and
small parts and large- and fine-pitch components.
The component has a wrap-around lead.

There are also round-offs for the land size and
land snap grid. For parts 1.6 x 0.8 mm and larger,
the land size round-off is 0.05 mm and the land snap
grid is 0.1 mm. For parts smaller than 1.6 x 0.8 mm,
the land size round-off is 0.01 mm and the land snap
grid is 0.2 mm.

IPC-7351B segments chip components as follows
(TABLE 1):

m Component sizes of smaller than 1.6 x 0.8 mm,
and equal to or larger than 1.6 x 0.8 mm.

m Solder joint goals of toe, heel and side.

® Environments of Least, Nominal and Most.

To calculate the land size and spacing of a com-

ponent, the following are considered:

m Component body tolerance.

m Component lead tolerance.

m Fabrication and assembly tolerance.

m IPC three-tier environment solder joint goals (toe,
heel and side).

® Small component or large component (the rules
change).

®m Land size round-off.

®m Land placement round-off.

Take an average 1005 (EIA 0402) package. The
body length is 1.0 x 0.5 mm with a tolerance of 0.15
mm. The terminal is 0.25 mm with a tolerance of
0.15 mm. This makes the minimum terminal size 0.1
mm and the maximum terminal size 0.4 mm. If the
IPC-7351B mathematical formula for land size calcu-
lations compensates for this terminal tolerance range,
the pad length will be 0.05 mm larger than if the ter-
minal tolerance was 0.00 mm and both minimum and
maximum terminal sizes were 0.25 mm. So my recom-
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mendation for chip parts “smaller” than 1.6 x 0.8 mm
is never to enter the terminal tolerance into the IPC
LP Calculator; i.e., keep the terminal size nominal for
both the minimum and maximum dimensions.

Let’s get real on this issue. A 1005 (EIA 0402)
chip resistor with a minimum terminal of 0.1 mm
(0.004") is an unacceptable feature size and unreal-
istic. And the 0.4 mm maximum terminal size would
leave a 0.2 mm (0.008") gap between the terminals,
also unrealistic. I don’t believe any component manu-
facturer would actually deliver component terminal
tolerances in this range, even though it’s clearly
printed in their datasheets. We must use common
sense, especially with micro-miniature components.

Now, when the chip component goes below 1005
(EIA 0402) size, like the 0603 (EIA 0201), my recom-
mendation is to use the IPC-7351B “Least” environ-
ment (FIGURE 1). The 0603 (EIA 0201) component
is so small that it is in a class of its own. Also, to
prevent tombstoning I highly recommend a “rounded

(continued on p. 48)
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Generalized |/O Timing Analysis,

PART 2

The second of a two-part series looks at how timing and PCB trace lengths
affect different real systems, and design tricks for tuning timing. by ISTVAN NAGY

On topology diagrams, we can easily visualize or specify the
delays between any driver/receiver pair on multi-point nets.
Some standards specify PCB design rules this way, for example,
DDR-SDRAM DIMM memories (various Jedec JESD21-C
documents) or Chipset Design Guides. Some design programs
specify the constraints on these diagrams, like the Cadence Alle-
gro Signal Explorer. The topology may be defined graphically,
or as a spreadsheet for the point-to-point min./max. or relative
length rules.!?

Add-in cards: If a bus is routed through multiple boards, then
the timing and length rules have to be correct for the whole sys-
tem together (FIGURE 20). If different individuals or companies
design the boards, they have to agree in the way of dividing the
constraints between the boards, as a form-factor standard. In
case of a clock tree, if the add-in card clock trace length is closely
the same for all cards, then the skew can be controlled only by
the motherboard design.

To control the ref./data signal arrival times at the capture
flip-flop, control the delays on PCB traces. If two signals have
similar drivers and trace lengths (matched), then the propagation
delay and the transition delay also will be very similar, and prop-
agation delay matching ensured by simple trace length matching.

The PLL (Phase-Locked Loop, on-chip device) can be used
on continuously running clocks to introduce phase delays,
negative delays or frequency multiplication. PLLs usually con-
tain some kind of modifier element in their feedback loop. If

Clock Net Wirlng CK[0], CK[0] (Raw Card B)

FIGURE 19. Fly-by clock net topology for one of the standard
DDR3 DIMM designs from the JESD21-C standard. The ACC
bus has similar topology, so the design ensures the clock-to-
ACC timing as well.
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this modifier element is a frequency divider (by M), then the
PLL will generate an output clock, which has a frequency of
M*f_in. If the modifier is a A® phase delay element, then the
PLL inputs will be A® delayed from the output, so the output
will be 360°- A® delayed from the input. If we have a PCB trace
as the modifier element, then it will cause the inputs to be late
by t_pd comparing to the output, so it looks like if the output
was delayed by —=1*t_pd from the input.

The DLL (Delay Locked Loop, on-chip device) is a fixed
or adjustable delay element. It has “taps”; each tap has a unit
delay value. The number of taps connected into the signal path
determines the DLL delay.

To maintain the best timing for all on-chip data paths, the
chips contain clock networks as balanced trees, so the clock will
arrive to each flip-flop within a tight t_pd range. Normally there
is an option to place a PLL before the clock tree to achieve zero
clock propagation delay through the clock network. In some /O
applications, it might be useful, for example, if the clock network
delay is a lot longer than the data path delay.

On bidirectional buses, minimize the clock skew between
all the chips. If the clock is generated inside one of the chips,

1 1
Add-In Card-1

Clock
Generator

FIGURE 20. Add-in card routing example. The interface
requires clock matching as A-E=B-G=C-H with some tolerance.
To achieve this, the following routing rules apply: D-E=F-G
(this is the rule for add-in cards), and A-D=B-F and C-H is lon-
ger than A-D by E-D (this is the motherboard design rule).
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FIGURE 21. Using a feedback clock. t_pd1, t_pd2 and t_pd3
are matched.

then the clock propagation delay to that chip would be zero,
while to the other chips it would be based on the on-board
routing. To avoid that, we introduce the same clock propaga-
tion delay to the chip generating the clock, by using the feed-
back clock. This simply routes the clock back to the same chip.
A data path with a certain delay in it can be divided into two
separate paths by inserting a register or flip-flop into it. Both
parts will have the same available time for signal propagation
as the original path had, but with only a part of the original
delay. Note that the data will arrive one bit time or one clock
cycle later to the final capture flip-flop, but it will be captured
with better timing margins. This technique is usually used on
high-speed on-chip data processing, and on registered DIMM
(RDIMM) memory card designs.

Usually the DLL/PLL delays are controllable, and we can
also insert register stages in the datapath. These can be fixed by
chip design or can be software programmable, but in most of
the cases, they are adjusted automatically by a state machine.
Examples are the DDR3-SDRAM memory Read and Write
Leveling features.?

On-Chip Timing Design
Some of the above methods are really chip-design methods. The
chip or ASIC/FPGA designers have to design their /O interfaces
to be operational with realistic board design. To achieve this,
they set up timing constraints, use guided logic placement or
floorplanning, do careful chip pinout design, use DLLs/PLLs, use
localized high-speed IO clock networks, use asynchronous FIFOs
and design clever architecture for backend data paths.:11-13

The different devices in synchronous systems use the same
clock source to run their I/O and on-chip flip-flops. There is
always one clock generator, and its output is distributed to every
device on the same bus. If the bus is bidirectional, then the best
way to balance the read/write setup/hold margins is to balance/
match the clock propagation delays. If there is a clock skew
between two chips, then one of the margins is decreased by
the value of the clock skew. The clock skew may be known as
uncertainty (peak to peak), or as an absolute value (with a sign).

DDR-SDRAM memory interfaces have source-synchronous
data buses (lanes), and they have a unidirectional synchronous
address/command/control (ACC) bus. We have two types of
implementations: the DIMM socketed card, and the Memory-
Down, where the chips are soldered onto the motherboard.
Either designing a DIMM card or a memdown, we usually fol-
low the layout design rules specified in the appropriate card type
from the JEDEC JESD21-C standard.> %> 12

The data bus timing is valid in every lane separately between
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FIGURE 22. DDR-1/2 DIMM balanced tree clock (also ACC)
topology.

the DQ/DM and DQS strobe signals. The DQS path has a DLL
delay in the memory controller chip, so the DQS is delayed
before entering to the PCB for write transactions, while for reads
it is delayed only after it has arrived onto the controller chip.

The address/command/control (ACC) bus is sampled by the
memory chips at the rising edges of the clock signal provided
by the memory controller. In case of 2T clocking mode, every
second rising edge is used to sample the ACC bus. The ACC bus
is routed to every memory chip in a memory channel, so it can
have a very heavy loading, which creates very slow transition
delays. If the load is above a certain value, then we need regis-
tered/buffered DIMM memories. DDR1 and DDR2 standards
use balanced-tree clock/ACC topology to make sure all chips get
the clock/ACC in the same time, while DDR3 uses the Fly-By
topology to minimize SNN and to have only one end where we
can terminate them.

Reference-Reference Timing

Although the main I/O matching is between the data-strobe and
the clock-ACC, there are also clock-to-strobe design rules. These
are based on the chip timing design behind the I/O flip-flops.

The memory chips expect the first valid databit to arrive
a certain time after they have captured a write command. The
controller puts the first databit to the bus with the right timing,
but the board design has to make sure that this timing is still
maintained when the signals arrive to the memory. This requires
a length matching between the clock and the strobe signals. For
this, there is an output guaranteed skew timing parameter from
the controller data sheet, and an input maximum skew parame-
ter from the memory chip data sheet. This input parameter of the
memory is the t_DQSS, which is +/- t_clk/4, between the rising
edge of the clock and the rising edge of the DQS signal. They also
specify a clk-rising to DQS-falling-edge input rule, which is the
t_DSS and the t_DSH parameters together. For DDR3 memories,
the write leveling feature can compensate for this.

The memory controller has to pass the captured data from
the DQS clock domain to the internal clock domain. This clock
domain crossing requires the data to arrive to the control-
ler within a specified time window. This limits the maximum
length of the bus, since if the bus is longer, then the data arrives
later, decreasing the setup margin in the backend flip-flops. The
memory chip data sheet specifies the maximum skew between
the input clock and the output DQS, as t_ DQSCK. The control-
ler data sheet specifies a maximum skew of the output clock and
the input. Both the clock and the DQS trace lengths increase this.

t sk in max >t DQSCK +t_pd_clk+t pd DQS+Xt_err,
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Some FPGA implementations handle this by calibrating the
delay with DLLs and registers for all the read DQ/DQS signals.’

Timing calibration. We can include delay circuits in the DQ/
DQS paths. These can be fixed, or adjusted by a hardware state
machine or by software to achieve optimal timing. For example,
if we extend the delay of a reference signal to t_clk, then the
effect is like if the reference signal was not delayed at all (in the
aspect of STA), although the controller has to expect the data in
the next cycle (in the aspect of protocol). The board/chip delays
are mostly static for a given board, although they vary between
boards and over temperature. That is why we calibrate after
power-up. We can measure signal quality by adjusting DLL
delays step-by-step, capturing the data and seeking for the DLL
value where the captured data is different than in the previous
step. This way we can find the boundaries of the Data Valid Win-
dow. Then we can set the final delays in the middle of the region.

Write leveling. This process compensates for the clock-to-strobe
matching issues, and skew caused by the fly-by ACC topology.
The controller puts the memory chips into write leveling mode.
Then the memory will sample the CLK using DQS edges; then it
sends the captured value to the controller on the DQO line. The
controller finds the two DLL values where the sampled value
changes, then sets the DLL half way.

Read leveling. This process balances the data bus read setup/
hold margins by adjusting the DQS delay. In read leveling mode,
the controller writes a fixed test pattern into the general purpose
register in the memory, reads it back again and again, secking for
the minimum and maximum delays where it can still read the
correct data. Then it sets the DLL half way.

All DO/DQS DLL calibration: FPGA-based memory controller

DSP DOR SD#aM
TERHAL CLOCH DOota| D05 CLOCK Dotiary | 1
| LenenFiaiee

FIGURE 23. DDR memory Read data capture. After the data
are captured from the bus by the DQS (primary loop), they are
launched to the backend capture flip-flop in the internal clock
domain (secondary loop).

#
i
LUE
[
SYSTEM CONTROLLERBOARD | ST FE i Bﬂ;'ﬂﬂ
R izomn
BACKFLANE AcmgkiO04"

CO=KL=AG+.3"+2 57+-0,04"

FIGURE 24. Compact PCI clocking.
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implementations can have a separate DLL on each data line. This
way we can compensate on-chip for board/chip mismatch.’

Arbitrary examples. In Compact-PCI systems, a single board
computer may be in a system controller or in a peripheral slot.
In system controller mode, it has to supply the clocks to all other
cards, and in peripheral mode, it has to take the clock from the
backplane to clock its backplane I/O circuits. In both cases the
clock signals have to be matched with a given tolerance. The
system controller slot has 3 to 7 clock output signals, each routed
to a different peripheral slot on the backplane with a length of
6.3"+/-0.04". The peripheral cards have to route this clock to
their backplane interface circuits with 2.5"+/-0.04" length.

The MB86065 D/A Converter from Fujitsu receives the
data as LVDS differential signals from the host (e.g an FPGA),
and provides the I/O bit clock to the host. The DAC requires
the data and the clock to be in phase + 90° at the DAC pins.
The trick is to use a PLL feedback net on the PCB with a delay
equal to the clock+data length on the PCB, creating a negative
delay for the launch flip-flop. The PLL needs to have a 0° and
a 90° output: the 0° for the feedback loop, and the 90° for the
launch flip-flop for the extra alignment. This interface is a uni-
directional synchronous interface, but the clock is provided by
the receiver chip.!#

When multiple lanes are used in the high-speed serial inter-
faces, in the receiver chip each lane has its own CDR (Clock-
Data-Recovery) circuit, so each lane’s SerDes will clock its
parallel output with a different clock. These have a phase rela-
tionship based on the lane-to-lane skew on-board and on-chip.
The parallel data are passed to the core clock domain. If that
clock domain is derived, for example, from Lane-0 clock, then
it will capture the Lane-0 parallel data with proper timing, but
the other lanes will be early/late by the lane-to-lane skew. This
is usually handled by a clock-DLL for lower speeds or by using
asynchronous FIFOs for each lane. In case of a DLL, the max
lane-to-lane skew is defined by STA at the clock domain crossing.
In case of FIFOs, the maximum lane-to-lane skew is limited by
the FIFO depth and the protocol. Some protocols define FIFO
under/overflow control by transmitting align characters. The
max skew can be t_skew < N * k * t_bit_serial, where they use
“k” bits per symbol, and “N” is half the portion of FIFO depth
allocated for deskew.!?

Calculating PCB Trace Length Constraints

Trace length constraints can be calculated from the timing
margins of the pre-layout timing analysis. These constraints
are specified to ensure certain propagation delays. For multi-
point buses, define pin-to-pin delay rules, or rules for “all pin
pairs.” Sometimes the signal travels through a series element: for
example, a damping resistor or an AC coupling capacitor. The
design program has to be able to measure the pin-to-pin lengths
even in these cases.

Specify min./max. absolute or relative (matching) trace prop-
agation delay or trace length rules, depending on the interface
type. For the absolute data signal lengths, consider an already
specified (by floorplanning) or routed reference signal length.
Matching rules cannot be used for them, since the matching
offset+tolerance would depend on the reference signal’s length.
The relative constraints for data signals specify trace length dif-
ference from the reference signal. For them, the reference length
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FIGURE 25. FPGA and MB86065 DAC interface timing.
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need not be specified in advance.

The min./max. data propagation delay can be derived
directly from timing margins, since the margins have been cal-
culated using t_pd_data = 0 for absolute rules, or delta_t_pd =
0 for relative rules. Transform the smaller of the RD/WR mar-
gins to t_pd by checking what would cause zero margin. If the
t_pd_data is a degrading parameter, then transform t_ SU_MAR
=>t_pd_data_max. If t_pd_data is an improving parameter, then
transform the -1*t_H_MAR => t_pd_data_min.

In case of timing graphs with existing propagation delays,
increase/decrease any PCB trace by the above in the data path,
or by the opposite for the reference path. If the two traces are
on different types of layers, then they cannot be length matched;
they have to be propagation delay matched. If a signal is partially
routed on different layers, divide the t_pd for the two layers and
calculate lengths separately.

For chips in bigger packages, like x86 chipsets or large
FPGAs, the manufacturer provides “package length” informa-
tion. This is a spreadsheet of routing lengths inside the package
for every signal pin. For board design, the package lengths have
to be included in the total length. For example, the Cadence
Allegro PCB design software handles it as “pin delay.”

Length constraints also can be signal quality-based, for
example, to minimize crosstalk, reflections, stub-length and
losses. The crosstalk noise voltage and the insertion loss are
proportional to the trace length, and are normally simulated
as per-unit-length PCB trace parameters. The SI-based rules are
much less sensitive to the exact length than the t_pd based rules.

We can simulate two parallel traces at a unit length to get
the crosstalk as an S-parameter in dB, then considering the
maximum crosstalk-noise voltage we would permit, calculate a
maximum parallel-segment length:

V__ *unitlength
< Vinax
1ength - Sunitlength

\Y *10

aggressor

Loss-based length constraints use the per-unit-length inser-
tion loss at the signalling frequency:

length < S

unitlength

*unitlength

Longer PCB traces have stronger inter-symbol interference
as well, which affects propagation delays through the transi-
tion time increase. Differential-pair phase tolerance skew slows
down the differential slew rate, closing the eye from the corners.
If skew exceeds rise time, then it closes the eye from the sides as
well.
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Typical PCB Design Rules

Usually the reference path and data path are handled separately.

Specify maximum clock skew (in case of a central clock source),

or just calculate min./max. data length based on the already

routed clock length (if the clock is supplied by one of the chips).

To have all the constraints in advance, then based on the floor

plan, the clock length can be specified that is the shortest possible

but still easily routable and then its value set as a tight absolute
length range. Then, use t_pd_clk_min./max. as input parameters
to the timing margin calculations. The amount of clock skew (in
case of a central clock source) tolerable can be calculated from

a pre-layout timing margin with zero skew, and permit 10% of

that margin to be clock skew.

Usual PCB design rules:
® Min./max. data bus length.
® Min./max. clock trace length or max clock skew.

An asynchronous interface also has min./max. absolute
length rules. The reference signal is always supplied by the mas-
ter chip. The design rules are min./max. trace lengths for the data
signals based on predefined strobe trace lengths.

Usual PCB design rules:

B Min./max. data bus length.

B Min./max. strobe trace length.

Source synchronous systems are designed in such a way to
ensure the data and reference signal (strobe) paths have similar
delays on-board and on-chip, except the DLL inserted into the
reference path. This means the goal is to keep the data signal
length within a +/-delta_length window around the strobe trace
length. This is the simplest to design, since we are not restricted
to using a predefined reference length.

Usual PCB design rules:

B Maximum strobe-to-data skew: as a relative length compar-
ing to the strobe signal’s length. As speed increases, both the
min./max. delta length values get closer to zero. In a usual
DDR3 memory interface, specify a maximum 0.125 mm
delta length.

The usual design constraint is “matching with an offset.” A
simple explanatory equation can be derived from the generalized
setup and hold equations:

The data t_pd has to be roughly between the clock t_pd and
the clock t_pd plus the clock period.

t_pd_clk+other<t pd_data<t_pd_clk —other+t clk

Calculate minimum and maximum length difference of the
data signal trace length relative to the clock trace length. It will
be asymmetric.

Usual PCB design rules:
® Maximum clock-to-data skew.

m Clock skew: If the clock generator is not inside the transmit-
ter chip, then we have to balance the setup/hold margins with
clock delay control.

Clock forwarding interfaces work in the same way as the
unidirectional synchronous type, just that they support both read
and write operations with separate clock signals for them.

Usual PCB design rules:

B Maximum clock-to-data skew, separately for read and write.

The only trace length rules are signal quality-based and lane-
to-lane matching rules.

First calculate min./max. propagation delays for the data
signals based on the table below, then calculate lengths. Finally,
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apply some overdesign so after the layout

has been designed, much greater-than-

zero timing margins can be expected.
The source synchronous system tim-

ing can be handled in an absolute or in a

relative way. The equations can be writ-

ten in the same way as the synchronous
systems, then the improving t_pd param-
eters changed to degrading parameters
and multiplied by —1. After this, both
the data and the reference t_pd will be
degrading, sitting next to each other in
the equations. Define delta_t_pd(+) =
t_pd_data - t_pd_str, and replace the t_pd
to these.

Steps for absolute rules:

1. Choose an absolute reference signal length
(with a tolerance) or a maximum clock skew
constraint.

. Determine the reference signal t_pd from
signal integrity simulation.

. Determine the transition delay of the data sig-
nal using an estimated trace length.

4. Calculate all the timing margins, where the
data signal t_pd is zero. Use t_pd_ref_min./
max. as input parameters. If t_pd_clk is
improving, then use minimum value, other-
wise use maximum.

. Convert the timing margins to min./max. t_pd
for the data signals based on TABLE 2.

. Calculate min./max. lengths for the data sig-
nals based on t_pd.

N

w

(&2

[<2]

Steps for relative rules:

. Calculate all timing margins, where the data
signal and reference signal t_pd both are zero.

. Transform the timing margins to min./max.
t_pd for the data signals, relative to the ref.
signal.

. Determine the transition delays for both the
data and the reference signal, based on esti-
mated trace lengths.

4. Calculate min./max. delta_lengths for the data

signals.

N

w

The length calculation. If the driver/

receiver circuits of the data and reference

signals are the same, then exclude the
transition delay from the relative length
calculation, since their transition delays
will be near equal. This way their propa-
gation delay matching is simplified to be
trace length matching. If L_min > [,_max
or L_max < 0, then it is not possible to
design a board at the given parameters.

Steps:

1. Get the transition delays at the receiver by a
signal integrity simulation using estimated
trace lengths, both minimum and maximum.

2. The propagation velocity (v) has to be calcu-
lated ato the signalling frequency:

V=—F—7—=
v 8rieff

where c is the speed of light (3*10A8 meter/
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sec), 3, .« is the effective dielectric constant
of the materials surrounding the PCB trace.*
3. For absolute rules Length_min =v * (t_pd_min
— transition_delay_min) and Length_max =
v * (t_pd_max - transition_delay_max). For
relative rules delta_Length(+) = v * (t_pd_max
- transition_delay_data + transition_delay_ref)
and delta_Length(-) = v * (t_pd_min - transi-
tion_delay_ref + transition_delay_data). Use
min transition delay for maximum length,
and maximum transition delay for minimum
length, but only if the two signals are not
driven by the same chip. Otherwise, both

min. or both max.

The overdesign factor (OVDF). After
calculating trace length constraints are
ensuring minimum zero timing margins,
make the system more robust by applying
some overdesign. Here we introduce the
Overdesign Factor (OVDF= {1.1...20})
for the tightening.
Length_range = Length_max — Length_
min
Length_min_new = Length_min + 0.5 *
Length_range * (1 - 1/OVDF)
Length_max_new = Length_max - 0.5 *
Length_range * (1 - 1/OVDEF)

Transforming and summing con-
straints is simple algebra, but it might not
be straightforward. To transform a min./
max. length rule to an Offset+/-Delta, use
the simple formulae:
Offset = (length_min + length_max)/2
Delta = length_max — Offset

The second case calls for merging
two constraints. For example, the chipset
design guide provides direct trace length
rules for interfacing a DIMM memory to
the processor, and we want to design a
memory-down layout based on JESD21C
guidelines. In such cases, transform both

SIGNAL INTEGRITY

constraints to Offset+/-Delta description,
then sum the offsets and deltas separately.

Conclusions

High-speed digital board design requires
control of the trace lengths pin-to-pin
on multipoint signal nets. To achieve
this, software supports detailed com-
plex trace length constraints. Sometimes
designers can use standard trace length
rules specified by chip manufacturers
or standards, while other times they
calculate them from pre-layout timing
analysis. If the board designer did not
use proper length constraints, the boards
may never even start up in the lab. Often,
timing parameters for the chips on the
board are needed, but just not available.
In those cases, timing parameters defined
at package-pins can be used. What the
post-layout timing analysis reveals is not
whether the prototype board will start in
the lab, but if it will operate reliably in
the field at all times. If this verification is
absent in product development, the risk
is untraceable errors in products will be
detected by customers.

Ed.: For a list of references, see the online
version at pcdandf.com.

ISTVAN NAGY is with Bluechip
Technology (bluechiptechnology.co.uk);
inagy @bluechiptechnology.co.uk.

TABLE 2. Converting Timing Margins to t_pd Limits

INTERFACE TYPE T_PD_MIN=

- 1* min(t_H_MAR_RD;
Synchronous t_H_MAR_WR)

- 1*min{t_H_MAR_RD;
Asynchronous t_H_MAR_WR)
Source -1*min(t_H_MAR_RD;
synchronous t_H_MAR_WR)

- 1* min(t_H_MAR_RD;

t_SU_MAR_WR)

t_SU_MAR_WR)

T_PD_MAX = TYPE
min(t_SU_MAR_RD;
t_SU_MAR_WR) *
min(t_SU_MAR_RD;

Absolute

min(t_SU_MAR_RD;

Relative to strobe

min(t_SU_MAR_RD;

Clock forwarding t H_MAR_WR) t_SU_MAR_WR) Relative to clock

Unidirectional

synchronous -1* t H_MAR t_SU_MAR Relative to clock

Embedded.Clk Lane-to-lane matching is relative

Arbitrary, Relative to the original t_pd_data, if taken into
timing graph -1* t H_MAR t_SU_MAR account in the timing graph; otherwise absolute
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PCB WEST RECAP

HOT in the Valley

San Jose showed once again why it's the epicenter for printed circuit

design. by MIKE BUETOW

The outside temperature hit 103°F in the Silicon Valley, but
inside the action at the PCB West trade show was even hotter.
Attendance at PCB West in late September was up mark-
edly — 26% for the exhibition and 35% for the conference.
Overall attendee registration jumped 20.4%, as the industry
responded with vigor to the strong lineup of exhibitors,
complemented by an outstanding technical program.

Signal integrity remained a major area of interest,
although during the PCB Designers Roundtable — cospon-
sored by the good folks from the Silicon Valley Designers
Council chapter — it was revealed that perhaps one-third
of designers don’t actually perform SI analysis. (It’s left for
someone else.) Proponents on hand, including the ubiquitous
Rick Hartley, who taught several classes during the three-
day technical conference, stressed that all designers should
perform some level of SI. Also revealed: A large percentage
of designers continue to manually route their boards, despite
evidence showing autorouters could save time. Whether they
do so because they are trying to protect their jobs is certainly
understandable, but the notion that autorouting could free

L —

Be wise; use Sl: Instructor Rick Hartley explains
differential pair routing to an SRO crowd.
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up resources that could then be used in other areas (such as
SI analysis) bears consideration.

Many of the technical sessions that accompanied the
trade show were packed, as designers and process engineers
took advantage of the free sessions to glean valuable infor-
mation on reducing layer counts, thermal management,
post-assembly cleaning, and CAD-CAM. In one eye-opening
presentation, Don Trenholm of Custom Analytical Services
literally ran out of time showing slides of various counter-
feited components.

On the show floor, several companies either showed new
tools and services or discussed pending upgrades.

National Instruments (ni.com) is releasing an upgrade
to its MultiSim and Ultiboard suite for design optimization,
schematic capture and SPICE simulation. The new release will
include upgrades to handle power components, simulation
improvements, IPC land patterns, more user-defined function-
ality, and stronger encryption. “We are starting to bridge the
point where we can do a design, the virtual testing and then see
how they compare,” general manager Vince Accardi explains.

Flow through: Mentor sees opportunities in PCB thermal
management.
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Heavy flow: Show floor traffic was up 26% year-over-year.

Straight talk: AcAe technical director Clive Robinson pitches prospective customers
on the firm's translators.

(For NI, the show also marked
a changing of the guard of sorts, as
Accardi and longtime product man-
ager engineer Bavesh Mistry have been
promoted, and former R&D engineer
Natasha Baker is taking over the lat-
ter’s role as PME.)

Mentor Graphics (mentor.com)
touted its latest FloTherm thermal anal-
ysis tool, which helps designers iden-
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tify thermal bottlenecks and shortcuts
where new thermal paths would cool
the design faster. The tool can perform
a detailed simulation of the package
itself, and users can overlay the com-
ponent thermal model (which allows
black box simulation) to simulate the
package and complete PCB.

As long as there have been CAD
tools, there have been translation prob-

PCB WEST RECAP

lems. Not surprisingly, then, several
companies showed various flavors of
ECAD translators. SFM Technology’s
PackageWright (packagewright.com)
tool combines an online database of
thousands of package models with
footprint generation capability and an
ECAD-MCAD library synchronization
service. The tool supports flow from
MCAD-ECAD and back.

AcAe (acae.com) drew a crowd
with its DART ECAD conversion tool.
Noting that the EDIF schematic and
netlist translator format was launched
more than 25 years ago, AcAe presi-
dent Bill Basten said the biggest prob-
lem designers and manufacturers now
face is that many translators simply
don’t work. “The schematics don’t
match; they can’t do constraints; they
leave things out.” DART, he says,
which runs on Linux and Windows,
verifies netlists and copper, and permits
use of libraries and symbols, provided
they are similar.

A large number of
DESIGNERS CONTINUE
to manually route PCBs.

PCB West has an emerging assem-
bly bent to it, highlighted by several
tracks on counterfeit component iden-
tification and mitigation, post-assem-
bly cleaning and test strategies. Classes
on thermal management and layer
reduction were also popular.

By providing PCB engineers, design-
ers, fabricators, assemblers and manag-
ers with the most targeted conference
in the industry, PCB West proved the
market for board-level shows isn’t dead
after all. Full details regarding the con-
ference and exhibition are available at
pcbwest.com.

Following this year’s successful
show, PCB West will return to the
Santa Clara (CA) Convention Center
Sept. 27-29, 2011. PCD&F

MIKE BUETOW is editor-in-chief of
CIRCUITS ASSEMBLY and PCD&F;
mbuetow @upmediagroup.com.
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PCB Thermal Design DEVELOPMENTS

New 3D thermal quantities help designers address thermal problems as
they arise. by BYRON BLACKMORE, JOHN PARRY AND ROBIN BORNOFF

Electronics thermal management is the discipline of design-
ing electronics systems to facilitate the effective removal
of heat from the active surface of integrated circuits to a
colder ambient environment. In doing so, heat passes from
the package both directly to the surrounding air and via the
PCB on which the IC is mounted. The PCB and, to a lesser
extent, the surrounding air thermally couple the various
heat sources.

Heat coupling increases as components and PCBs
become smaller and more powerful. Designers must take
remedial action to bring all components within their respec-
tive thermal specifications, but this step is becoming more
challenging and constrained, even when preventative mea-
sures are taken early in the design process.

For the past 20 years, computational fluid dynamics
(CFD) techniques have provided 3D thermal simulations
that include views of the air-side heat transfer that pre-
dict component junction and case temperatures under
actual operating conditions. Designers routinely use
these predicted temperatures to judge thermal compli-
ance simply by comparing the simulated temperatures to
maximum rated operating temperatures. If the operating
temperature exceeds the maximum rated value, there will
be at least a potential degradation in the performance of
the packaged IC, and at worst, an unacceptable risk of
thermo-mechanical failure.

Simulated 3D temperature and flow fields provide
detailed and useful information, but give little physical
insight into why the temperature field is the way it is.
Examining heat flux vectors can yield some insight into the
heat removal paths. But the heat flux vector direction and
magnitude data do not provide a measure of the ease with
which heat leaves the system. Nor do they provide insight as
to where and how the heat flux distribution might be better
balanced or reconfigured to improve performance.

How easily heat passes from the various sources to the
ambient will determine the temperature rise at the sources
and all points in between. Heat flow paths are complex and
three-dimensional, carrying portions of the heat with vary-
ing degrees of ease. Paths that carry a lot of heat but offer
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large resistances to that heat flow represent bottlenecks. A
redesign can relieve these bottlenecks, permitting heat to
pass to the ambient more easily and reducing temperature
rises along the heat flow path all the way back to the heat
source. In addition, there may be unrealized opportunities
to introduce new heat flow paths that would permit heat to
pass to colder areas and out to the ambient. So a redesign
informed by the right information can do more than allevi-
ate bottlenecks; it can also introduce thermal “shortcuts”
to bypass them.

Sans a way to identify such thermal bottlenecks and
shortcut opportunities within a design, PCB design teams
have faced a stark choice. Either bring in thermal experts to
resolve thermal problems, or rely on being able to add heat
sinks later. Lacking direction from the simulation results
as to appropriate remedial action, thermal engineers have
traditionally relied on experience and engineering judgment
to guide their search for design improvements. Today their
work is often supplemented by design of experiments and
automatic design optimization capabilities within the ther-
mal simulator. Such approaches take time.

An innovative way to view the thermal behavior of a
populated PCB uses two new 3D thermal quantities aptly
known as the BottleNeck (Bn) Number and the ShortCut
(Sc) Number that, taken together, guide designers to take
appropriate, targeted remedial action to address thermal
problems as they are encountered.

Vectors, Bottlenecks and Shortcuts
Heat flow can be defined in terms of a heat flow through
a given cross-sectional area. This measure is known as a
heat flux. The presence of a heat flux vector will always
be accompanied by a temperature gradient vector. The
temperature gradient field is taken to be an indicator of
conductive thermal resistance as, for a given heat flux, the
greater the temperature gradient is, the larger the thermal
resistance will be.

The dimensionalized Bn number is the dot product of
these two vector quantities. At each point in space (FIGURE
1) where there exists a heat flux vector and temperature
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gradient vector, the Bn scalar at that
point is calculated as:

Bn = Heat flux magnitude x Temperature gradi-
ent magnitude x sting bottlenecks.

This is not always true, of course,
especially for multiple heat sources
(as found on almost every PCB) where
heat flow topologies for widely sepa-
rated components can be quite inde-
pendent of each other.

To illustrate how this process
works in practice, consider a typical
air-cooled PCB (FIGURE 2). The cen-
tral BGA has highest temperature rise
above specification, followed by the
two TO-263s above and to the right.

Though it depicts the same PCB,
FIGURE 3 is not the same kind of
thermal view as Figure 2. Instead,
it shows the Sc number distribution
mapped at a point just above the
tops of the packages on the board.
Although in Figure 3 the largest Sc
numbers are associated with the hot-
test component, this is not always
the case. A component might be hot
due to the temperature of the sur-
rounding air, rather than its own
internal power dissipation. In the
case of this centrally located BGA,
the large Sc values on its top surface
indicate relatively efficient convective
heat transfer locally. Therefore, the
obvious remedial design action is to
add a heat sink. The heat sink acts
as an area extender, making it even
easier for heat to leave the top of the
component and to be carried away
by the air. Introducing this design
change reduces the BGA’s junction
temperature rise by 70%, taking it
well below its maximum safe oper-
ating limit. With the BGA running
thermally compliant, let’s turn our
attention to the TO-263 components.

FIGURE 4 is a Bn plot depicting the
Bn distribution in the top signal layer

Heat Flux Vector
(Watts/m?)

emperalung
Graatianl U:rcwt

FIGURE 1. Misaligned heat flux and
temperature gradient vectors.
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of the PCB. We can see that, after
adding the BGA heat sink, the largest
thermal bottlenecks exist near the tabs
of the two TO-263 devices. Recall that
large Bn values do not mean this is the
hottest area. Instead, the Bn figures
and the plot reveal areas in which a lot
of heat flows “downstream” from the

THERMAL MANAGEMENT

heat source, and is highly restricted.
Knowing exactly where the bottleneck
is, a large copper pad can be added
to cover that high bottleneck area,
providing a targeted solution to a
specifically identified problem. That is
effective, efficient engineering.
Having made this modification,

Temperature (degC)

120

103
86
69
52
35

FIGURE 2. PCB temperature distribution as predicted by CFD analysis. Circles indi-

cate the hottest components on this board.

FIGURE 3. Sc Number distribution above package tops. The colors on the BGA
device indicate a relatively efficient convective heat transfer locally, which offers an
opportunity to reduce the temperature increase by adding a heat sink as shown.
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best practice methods call for an
updated thermal simulation and
inspection of the new Bn and Sc
distributions. FIGURE 5 shows Sc on
a cross-section through one of the
two TO-263s after the addition of
the copper pad. The expanded inset
view shows large Sc values on the sig-
nal layer and the power and ground
planes below the new copper pad
and TO-263 tabs, indicating a short-
cut opportunity between these layers.
This agrees with a designer’s intu-
ition, since heat spreads readily in the
metallic layers of the PCB, while the
dielectric’s low thermal conductivity
acts as an effective barrier to heat
transfer. Adding thermal vias to create
a new heat transfer path down to the
buried ground plane is an excellent,
practical way to take advantage of
this shortcut opportunity. Note that
the Sc field pinpoints exactly where
the thermal vias should be added for
maximum effect.

By examining the Bn and Sc varia-
tions in and around the TO-263, the
exact shape of the copper pad and the
location of an array of thermal vias
(shown schematically in FIGURE 6)
can be determined quickly, without
resorting to numerous “what if” stud-
ies. In this case, adding the pad and
vias yielded a 30% drop in the tem-
perature rise of the TO-263 devices,
again taking them below their maxi-
mum rated temperatures.

The Bn and Sc fields together
provide invaluable insight and com-
prehension about temperature distri-
bution and behavior in an electronics
system. By detecting and mapping both
thermal constrictions (bottlenecks)
and potential shortcuts for more effi-
cient heat transfer, these parameters
enable engineers to quickly determine
the most promising thermal design
changes — those most likely to provide
the most efficient, effective results —
without years of thermal experience
and intuition.

In the example, three Bn- and
Sc-inspired thermal design changes
were identified quickly, and the result-
ing “fixes” dramatically reduced the
temperature of the three overheating
components discovered in the initial
simulation. It is an approach that
delivers important gains in simulation
productivity. Rather than simulating
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FIGURE 4. Bn Number distribution on top signal layer.

FIGURE 5. Sc Number distribution through TO-263.

all possible remedial actions for ther-
mal problems and choosing the best
one, engineers can see immediately
where they need to focus their thermal
design effort. PCD&F

BYRON BLACKMORE, JOHN PARRY

and ROBIN BORNOFF are with Mentor
Graphics’ Mechanical Analysis Division
(mentor.com); byron_blackmore @
mentor.com.

FIGURE 6. Addition of copper pad and
thermal vias.
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MSD PROTECTION STEPS

Per J-STD-033B. |

Procedures for preventing and ridding moisture from components.

by DON SHELL

As packages get smaller, the risk for damage to moisture-
sensitive devices increases. With the higher temperatures
required for Pb-free soldering, that risk is further com-
pounded.! That’s why it’s extremely important to be aware
and vigilant of MSDs.

ICs can act like a sponge. If they have semi-permeable
membranes, moisture from the ambient air can get into
those devices. When they get rapidly heated during reflow
or rework, the result is rapid outgassing. In some cases, this
excessive outgassing causes popcorning, which can damage
the internal structures of a component.?

To minimize and eliminate the adverse effects related to
MSD, assembly personnel, process engineers and technicians
must diligently apply regimented practices based on the IPC/
JEDEC J-STD-033B.1 standard. This standard sets out a long
list of procedures that must be implemented for handling,
packaging, and shipping MSDs.3

Protecting and controlling MSDs on the assembly floor
takes into account a great number of large and small proce-
dures and important steps. Violating, ignoring or overlook-

HUMIDITY INDICATOR

Compilay with IFCLIDEC JET0H03

IF B0k 13
NOT BLUE

LEVEL
2A-5A

Waw, RECCAne, COMm

PARTS

BAKE PARTS

IF 10% 15

MNOT BLUE

AND 5%

IS PINE 5%

Lot 051908

INITIAL USE; DO NOT PUT THIS
CARD INTO & BAG IF 80% IB PINK.

FIGURE 1. Humidity indicator card with moisture-sensitive
chemical dots.

| PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

ing any or a series of these precautions could result either in
costly rework or latent PCB defects.

More often than not, electrical test catches the popcorn-
ing problem in an MSD. But in this instance, damage may not
immediately lead to a failure and instead present itself as a
latent defect. Subsequently, such a component compromises
a finished PCB and can lead to system failure in the field.
Therefore, trained process engineering personnel, experience,
and a highly disciplined and structured assembly opera-
tion are critical to protect surface mount components from
humidity present in an assembly environment.

Affected components can include any surface mount
devices, ICs and discrete devices that mount to one surface
of a PCB when assembled.> MSD components are specified
by their respective manufacturers to have a limited floor life
at or below 30°C or 86°F and 60% relative humidity (RH).3

Tools of the Trade
Four materials and techniques help protect and control
MSDs. Those are moisture barrier bags (MBB), desiccant,
humidity indicator cards (HIC), and moisture-sensitive cau-
tion labels. Storing MSDs in MBBs provides the first line
of protection and restricts transmission of water vapor.
Desiccants further boost MSD control when used to absorb
moisture that gets into the MBB or is sealed in it. It’s also
advisable to include more desiccant to absorb moisture in
component carrier materials such as trays, tubes and reels.
The HIC does its part with its moisture-sensitive chemical
dots (FIGURE 1). Those dots change color from blue to pink
when indicated RH is exceeded inside the MBB. The card must
have a 5, 10, and 60% RH sensitive dot. The HIC has instruc-
tions for when to bake parts, depending on the moisture sensi-
tivity level (MSL) of a particular device. For example, if a device
has an MSL of 2, then the parts need to be baked if the 60% dot
is not blue.? For devices of MSL level 2A-5A, then parts need
to be baked if the 10% dot is not blue and the 5% dot is pink.?
MSL is the classification of the MSD’s floor life for the
Pb-free condition or SnPb soldering condition at the fac-
tory ambient environment (<30°C/60% RH). The MSL for
Pb-free processes is higher than the MSD for SnPb process
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E !
u Sayaka PCB Router
— e | ow stress depanelization
L. r;! e Easy software programming
|
1| YJ Link Conveyors
= e Patented magnetic roller mechanism

< L ‘ | limits stress on PCB’s during transfer
L J e Safety covers with interlocked doors

Anritsu 3D Solder Paste
— Inspection Machine

e High-speed, ultra-high resolution

e Easy programming, auto calibration

Visit us at
www.seikausa.com
to see more of our products!

McDry Dry Cabinets
e Store MSDs safely without nitrogen
e Conforms to IPC/JEDEC J-STD 033b.1

Hirox Digital Microscopes
e [nspect objects in 360° with patented
Hirox design
* BGA, QFP, cross section inspection
with measurement

Seika Solder Paste
Recycling System

e Recover 90% of your solder paste waste
e ROl within months!

Atlanta Office:
3030 Business Park Drive, #3030-B
Norcross, GA 30071

Phone: (770) 446-3116 Fax: (770) 446-3118

Los Angeles Office:
3528 Torrance Blvd., Suite 100
Torrance, CA 90503

Phone: (310) 540-7310 Fax: (310) 540-7930
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FIGURE 2.Technician vacuum seals moisture-sensitive devices.

for the same component. The higher
MSL has a shorter floor life than the
lower MSL. Floor life means the out-
of-bag life, not including the life in the
safe storage. Therefore, for the specific
reflow process, the proper MSL must
be chosen. Misusing SnPb MSL for the
Pb-free reflow process results in MSD
damage from moisture absorption and
yield/reliability degradation that can
affect products in the field.

Most moisture-sensitive compo-
nents are MSL 3 for SnPb soldering
and MSL 4 for Pb-free soldering. For
example, a moisture-sensitive BGA
component has two MSL markings on
its MS label: MSL 3 for SnPb process
and MSL 4 for Pb-free process. This
means that it has 168 hr. of exposure
time to factory ambient environment if
used in SnPb reflow, or 72 hr. of expo-
sure time if used in Pb-free reflow.3
Compared to the traditional SnPb
reflow process, its Pb-free process air
exposure time is reduced 57%. Special
attention must be paid to tight floor life
management for RoHS projects.

Some MSD packages have mul-
tiple MSL markings: 2/240 and 3/260.
This means that for SnPb reflow (peak
temperature of 240°C), an MSD can
be treated as level 2 MSD. For Pb-free
reflow (peak temperature of 260°C),
this MSD should be treated as level
3 MSD with shorter air exposed time
(floor life).
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At the outset, it is the responsibility of
the assembler to require all suppliers and
customers to follow J-STD-033B.1. The
assembler must be sufficiently vigilant
of suppliers’ and even customers’ poorly
packaged and shipped MSDs that violate
the standard. It’s also the assembler’s duty
to keep suppliers and customers account-
able for maintaining procedures in accor-
dance with J-STD-033B.1.

An assembler’s receiving and stock-
room has its own agenda for control-
ling MSDs, as well as strictly following
J-STD-033B.1. Foremost is creating
and maintaining an MSD control event
logbook to record specific problems
and solutions on given dates, and verify
such information with an inspector’s
signature. Incoming QC inspectors
check whether the 5% dot is pink.
These personnel should also inspect
and, when necessary, reject damaged
dry pack components, unsealed dry
packs, missing desiccant or HIC dry
packs. An operator must copy the MS
level and floor life to new MBB labels
when transferring MSD components to
a new MBB.

From a general MSD environmen-
tal control perspective, the assembler
must install digital temperature and
RH meters in the stockroom and SMT
production areas. MSD handlers read
in real time data involving floor tem-
perature, floor RH and the out-of-bag
total time during the assembly process,

and out-of-MBB environment. Based
on that data, they implement MSD
procedures and record MSD condi-
tion information. Meanwhile, produc-
tion managers monitor factory ambi-
ent conditions. If room temperature
exceeds 30°C (86°F) or room RH is
more than 60%, floor life indicated on
the MS label is no longer applicable
and must be de-rated.

In keeping with the standard, it’s
also important to be well stocked with
certain items. Those include foam covers
or bubble wrap for use around a stake of
trays inside the MBB to avoid puncture
during the sealing process. ESD-safe
black card paper must be used to cover
a tray’s bottom and top sides before it is
inserted into an MBB. Moisture barrier
bags and a vacuum-operated bag-sealing
machine are vital as well (FIGURE 2).
Special care must go toward using this
machine, and the vacuum must be suf-
ficiently relaxed to keep the tube or tray
from puncturing the bag.

Baking Procedures
MSD control at the kitting stage
involves three major steps. First, pro-
cess engineering personnel must sepa-
rate large quantities of MSD pack-
ages into small quantities based on
the running batch size. Next, certain
procedures are performed to properly
receive all production-returned MSDs.
All returned MSDs are to be resealed.
Personnel ensure MBBs are identified
with correct part number, quantity and
MSD label. Last, manufacturing per-
sonnel properly arrange bake time to
meet production requirements.
Another trio of steps is involved
for production scheduling. First, for
water-soluble-paste double-sided MSD
boards, technicians finish both sides on
the same day without washing between
bottom and top reflow. Second, on the
same day, they must finish all rework
before sending the jobs to washing.
One or two days before production,
technicians arrange incoming QC of all
MSDs. At the same time, they ensure
there is sufficient time to bake those
MSDs, keeping in mind that some
MSD BGAs require 48-hr. baking.
Third, technicians track MSD floor life
and exposed time, as well as monitor-
ing any noncompliant issues.
Meanwhile, in the SMT area, an
SMT operator should record bag-open-
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ing date and time, as well as check
and report to the floor manager any
MSDs with longer floor life than that
marked on the bag. Another proce-
dure is to have SMT or other produc-
tion and engineering groups return all
remaining MSDs when their jobs are
completed. Following that procedure,
stockroom technicians re-seal all MSDs
and record sealing data and time.

In some cases, assemblers will find
it necessary at the kitting stage to bake
MSDs before placing them on the pro-
duction floor. If shelf life or RH on the
HIC has been exceeded, components
need to be baked until the moisture is
removed. There are at least a half-dozen
steps that must be carefully performed
to bake components according to spec.

For example, it must be understood
that baking degrades MSD solderabil-
ity, thus causing quality problems.? To
avoid degrading solderability, a cumula-
tive bake time limit of 48 hours at 125°C
is imposed.’> However, floor personnel
must be alert to the fact that MSD bak-
ing conditions depend on component
body thickness and MS level.

Further, they are not to bake mixed
MSDs with different body thicknesses
in the same baking oven at the same
time. Another similar procedure is
“don’t bake mixed MSDs with differ-
ent bake time at the same time in the
same oven.” It is also a good practice
to have separate baking ovens for PCBs
and components and a detailed log
maintaining all the records.

Each MSD can be baked only one
time, and no second baking is allowed.
Moreover, an MSD without clear MS
Level marking on the package is not to
be baked. Baking temperature is 125°C
for 24 hr. with tolerance range for tem-
perature control =5°C (120-130°C).
Baking time should follow IPC J-STD-
33B.1, Table 4-1.

Different MSD component trays/
carriers have different maximum bake
temperatures. It is vital always to check
the tray bake temperature for each tray
before sending it into the bake oven.
Also, floor personnel should collect,
recycle and store 140°C or higher MSD
trays with different sizes. Use them to
replace the low bake temperature trays
from suppliers or customers. A final
procedure for any assembler to follow
is if floor personnel don’t know the
MSD baking history, it is time to stop
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MSD baking. CA
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3D inspection technology
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N JdUOM DEFECTS DATABASE

Conformal Coating Coverage

Low solids coatings may lead to poor coverage.

THIS MONTH WE feature a conformal coating issue. Does and all terminations and separation gaps between adjacent

it meet standards, or is it a reliability concern? exposed pads are covered, the reliability of the product
Conformal coating sharp corners can be difficult. should be satisfactory.

The flat surfaces on this PLCC device (FIGURE 1) show Based on many standards, however, the non-coverage

satisfactory coating and, provided the surface of the board or edges of plastic parts would be considered unacceptable.
It is felt that inspection.
It could be argued that if
the coating were to fail in
these areas, it could peel
off the rest of the board.
To achieve a better
coverage on devices like
this, it would be necessary
to coat the board assembly
again, but also consider
the viscosity of the mate-
rial used. If the solids con-
tent was low, it may have
reduced coating coverage.
This type of process issue
is more likely to be seen
on spray rather than dip
coating and is exaggerated
on plastic components if
cleaning is not part of a
standard process.
Environmentally-Resistant, Light-Cure Conformal Coatings These are  typi-
for Appliance Printed Circuit Board Protection cal defects shown in the
National Physical Labora-
tory’s interactive assem-
bly and soldering defects

9-20557: Flexible, thermal shock resistant coating with secondary
heat cure for shadowed areas; UL listed

984-LVUF: Hard, chemically resistant coating with secondary cure for shadowed database. The database
areas: UL listed (http://defectsdatabase.
npl.co.uk), available to all
this publication’s readers,

Dual-Cure 9481: Semi-rigid coaling with secondary moisture cure for shadowed

areas; UL listed .
allows engineers to search
The newest addition to DYMAX's full range of solvent-free, light-cure conformal and view countless defects
coatings is Dual-Cure D481, 9481 is engineered o cure with moisture, ensuring and solutions, or to submit
complete cure at room temperature for applications where shadowed areas on defects online. CA DR. DAVIDE DI
high-density circuit boards are a concem. MAIO is with the
National Physical
# Light cure in seconds « Solvent Iree » Shadowed areas cure wheat or maisture Laboratory Industry

# Fluorescing for easy inspection under black light = Easily sprayed and Innovation
division (npl.co.uk);
To learn maore about conformal maljngs, visit defectsdatabase@
our website or call to discuss your application npl.co.uk. His column

with our experienced Applications Engineers. a appears monthly.
.

Adhesives | Dispensing & Curing Systems woulld pass conformal
coating standards for

coverage, but a second
coating would ensure
gaps are filled.

Printed circuit board coaled with DYMAX
confomal cosfing being cured with 3 www.dymax.com/conformal

DYMAX UVCS conveyor system.
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Avoid the BGA Voids

Cross-sectional analysis may be the tool to assess failures.

ACI
TECHNOLOGIES
INC. (aciusa.

org) is the National
Center of Excellence
in Electronics
Manufacturing,
specializing in
manufacturing
services, IPC
standards and
manufacturing
training, failure
analysis and other
analytical services.
This column
appears monthly.

MOISTURE DAMAGE USUALLY appears as physical
damage to the component. The first indication would
be externally observable changes to the package in
the form of bulging or fractures to the outer surface
of the component. Internally observable indicators of
moisture damage typically include fractures to the die
inside the package and lifted or fractured wire bonds.
These conditions would be apparent during transmis-
sive x-ray inspection. Another symptom of moisture
would be inconsistent solder joint sizes that result
from package deformation during the liquidus phase
of the reflow process. No issues were observed with
the large BGA components here (FIGURE 1). X-ray
showed that the die, wire bonds and solder balls
appeared well-formed and provided no indication as
to a loss of functionality.

For smaller BGA style components, however,
assembly and solder workmanship issues were iden-
tified (FIGURE 2). Specifically, the elevated level of
voiding in the solder joints on the 54-pin memory
components was identified as a potential contribu-
tor to failures. IPC-A-610E specifies voiding that
exceeds 25% of the x-ray image area is a defect for
all classes of production. We recommend that any
voiding that exceeds 10% of the ball x-ray image
area be treated as a process indicator (i.e., a condition
that indicates excessive variation from the intended
result). Although detailed voiding analysis was not
performed on these samples, it was apparent from
visual inspection there were many solder joints on
these parts that exceeded the 10% recommended
limit. Many voids appeared to be at an interface,
which may have contributed to signal issues. The
sizes of the voids also may have interfered with long-
term reliability.

The location of voids in a BGA solder joint can be
critical, regardless of the void size. Voids that occur at
the solder joint/PCB land interface (“interface voids”)
can impact the reliability of the resulting solder
joints. This occurs because solder joint yield strength
is related to the surface area of contact between the
solder and the surfaces it joins. Interface voids reduce

FIGURE 1. X-ray of BGA component shows minimal
voiding (left) and intact wire bonds (right).
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this contact area and can lead to mechanical failure
of the solder joint. Some solder joints, such as those
in Figure 2, appeared to have voids that occurred at
the interface and have reduced the wetting contact
areas on the PCB.

Voiding has a variety of causes, including the
properties of the flux and the reflow profile. Interface
voids can also be a result of a non-wetting or dewet-
ting condition on the PCB land. No other assembly
workmanship issues were detected during inspection.
Voiding that occurred on components other than the
54-pin memory was minor in nature and fell within
the expected amount of voiding on a well-formed
BGA solder joint. All solder joints (except those
noted) showed evidence of good collapse and wetting
to the PCB lands, as would be expected on a well-
formed BGA solder joint.

We recommended further investigation of the
voiding observed on the 54-pin memory compo-
nents, specifically 1) the process used to assemble
and solder the memory components, and 2) the
interface voids. The interface voids should be inves-
tigated to determine if their location actually is on
the interface. Cross-sectional analysis could be used
to specifically examine a solder joint of interest and
accurately determine the location of the void. This
analysis would include evaluation of the PCB land for
evidence of any contamination or metallurgical issues
that would result in improper solder wetting.

The voiding level observed on the 54-pin memory
should be reduced by adjusting the assembly pro-
cess. One method is to test alternative solder pastes.
Another is to adjust the reflow profile. Both methods
can be used together, or modifications to the reflow
profile can be performed using the existing paste. We
also recommend cross-sectional analysis of the sam-
ples and x-ray analysis of future samples produced on
a modified reflow process. CA

FIGURE 2. A smaller BGA showed significant solder
ball voiding (left). An oblique angle view (right) shows
voiding on the solder ball edges.
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How Low Can You Go?

Lower-concentration cleaning agents are one response to “green” demands.

WRITINGTHIS COLUMN is a tremendous opportunity
to comment on the rapidly changing world of preci-
sion cleaning within electronics. In short, cleaning is
becoming more difficult and more demanding. It is
our job to meet these new challenges head on and
translate them into opportunities. So, what is chang-
ing, you might ask?

For one, the increasing local and global (i.e.,
RoHS, UNEP, GHS, etc.) initiatives to become
“greener” have customers requesting more environ-
mentally sound process solutions. At the same time,
the need to clean better under low-standoff com-
ponents has arisen. And, if that is not enough, cus-
tomers expect more engineering support to identify
additional improvements to their cleaning process,
leading to a lower cost per cleaned part.

While we all understand and embrace efforts
to provide our children with a safer and healthier
world, we cannot easily ignore the
effects of the global recession. At
first glance, it seems that this calls
for some tough choices. How can we
continue to produce high-reliability
products on a tighter budget, while
implementing new and green tech-
nologies? Often, innovations as well
as cost savings require upfront investment. It is here
where we have to educate our customers about the
solutions they might not be even aware of.

Let’s take a few prime examples to illustrate the
possibilities of making a cleaning process greener:

m Lower, yet stable, operating concentrations to
minimize chemistry consumption.

® Elimination or reduction of volatile organic com-
pounds (VOC).

m Cleaning agents with lower pH levels to reduce
effluent operating costs.

Operating chemistry concentrations is one topic I
have addressed in various previous columns. Greener
cleaning processes can be achieved through lower and
more stable concentrations that in turn help minimize
chemistry consumption. One obvious fact: The higher
the concentration, the higher the user cost. Factors
such as the bath life of the cleaning agent also have to
be taken into account. Assuming the same bath life,
a lower concentration leads to direct savings, which
is exactly what the latest cleaning agent technolo-
gies provide, as they can be used at 10% or less. It
is also important to point out, however, that actual
and perceived concentration can be two entirely dif-
ferent values. Once the operator begins to use the
cleaning agent, the dissolved contamination affects
the concentration measurement. Thus, overconcen-
tration through ineffective measuring techniques can
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cost you handsomely. New bath analyzing technolo-
gies have emerged to help users accurately maintain
concentrations. So, please, check your process, as this
could lead to significant savings.

Second, VOCs are integral parts of many clean-
ing agents and serve a very important purpose.
They support the cleaning agent’s job by solubiliz-
ing organic contamination. Reducing VOCs gener-
ated by cleaning processes, however, is a worthwhile
thought because it would minimize their environmen-
tal effects. However, if one were to simply eliminate
VOCs from the cleaning agent, it would have detri-
mental effects on the cleaning results, and product
reliability would be everyone’s buzzword. On the
other hand, numerous avenues do exist to control the
environmental impact of cleaning agents containing
VOCs. Most notable are vapor recovery techniques
with efficiency rates between 15% and 85%.

This type of investment in process improvements
also can help minimize cost. Appropriate vapor
recovery techniques such as “condensation” (through
active cooling) not only help maximize the collection
of chemistry, but also recover DI water. Both are
subsequently returned to the wash tank and recycled
in the process, leading to substantial cost savings and
a minimal impact on the environment.

Third, pH-neutral products for defluxing and
stencil cleaning have emerged and are undergoing test
and implementation. Similar to vapor recovery, the
use of pH-neutral products enables users to benefit
from more environmentally sound process solutions
at an overall lower price. Users can now directly
dispose effluent water from the chemical isolation
section (sometimes 5 gal./min.) without extensive
wastewater treatment. Given an acceptable cleaning
performance, these new innovations combine envi-
ronmental benefits with process savings: a win-win
situation for vendor and customer.

We should set goals for ourselves to work toward.
Accepting the status quo or waiting for someone else
to innovate does not exemplify leadership, nor does
it show responsibility for tomorrow’s world. So, how
low can you go? CA

ED.: Those concerned about environmental regulations should
read Kal Kawar each week at circuitsassembly.com/blog.

ARBFHFA

Overconcentration through INEFFECTIVE MEASURING
TECHNIQUES can cost you handsomely.

HARALD WACK,
PH.D., is president
of Zestron (zestron.
com); h.wack@
zestronusa.com.
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MATERIALS WORLD
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On the Forefront, continued from p. 18

Module Board (IMB), which embeds active and pas-
sive die in laminate structures, has been extended to
flex circuits. A number of companies have developed
processes incorporating resistors in flex circuit mate-
rial, including Asahi Chemical Research Laboratory,
DuPont, Ohmega Technologies, Ticer Technologies,
and Endicott Interconnect. Buried capacitors in flex
are offered by Oak-Mitsui Technologies, 3M Electron-
ics, DuPont and Hitachi Chemical.

The flexibility of flex circuits will enable it to find
applications in a variety of future products. New and
exciting possibilities are expected of a technology that
has been around a long time. CA
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HIGH-FREQUENCY SIMULATION
CST Studio Suite 2011, including
CST Microwave Studio, is for elec-
tromagnetic problems. Material
property descriptions have been
enhanced across available solvers.
High-performance computing options
are available for frequency domain
and integral equation solvers. Time
and frequency domain can provide
sensitivity information for an arbitrary
number of parameters in one simula-
tion run.

Computer Simulation Technology

cst.com

INSPECTION KIT

Mighty Scope Pro Pack kit comes with
two handheld digital microscopes and
a polarizer attachment for electron-
ics inspection, analysis and measure-
ment. Includes scopes with 10x to
200x, and 500x magnification; polar-
izer for contrast-enhancement; acces-
sories for hands-free operation; 1.3
Mp camera with 1/3" color CMOS
image sensor; ergonomic design.

Aven

aveninc.com

CAD TOOL WITH AUTOMATED BOM
PCB123 v4 advanced software design
tool has an intuitive CAD interface for
freedom and flexibility in schematic
and layout editing. Features 500,000
new parts, improved search functional-
ity with complete access to parts librar-
ies, automated BoM, and data importer
that imports DXF files from mechanical
CAD tools. Integrates DRC/DfM rules
into the software. Offers research, avail-
ability and pricing for each component
registered in the Digi-Key database. Is
free and requires no license.

Sunstone Circuits

sunstone.com

LASER-DIRECT STRUCTURING

LPKF Laser & Electronics AG
Ipkfusa.com

MSDS SOFTWARE

ECAD-3D TRANSLATOR

Numerical Innovations

numer ions.com

SPRING-LOADED CONNECTORS

OTHERS OF NOTE

LOW-PROFILE CONNECTOR

Regal Electronics
regalusa.com

EMC SUPPRESSION SHEETS

IMTEK Environmental Mill-Max TDK-EPC
onlinemsds.com mill-max.com tdk-epc.us
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LED PLACEMENT

JX-100LED supports boards up to
31.5" x 14" when indexed twice in the
machine. Features new algorithms for
placement of side-view-type LEDs, top-
view LEDs, rectangular ferrite chip-type
and PLCC-type LEDs. Supports auto-
matic tool changer. Places a reported
15,300 cph at IPC-9850; handles parts
from 01005 to 33.5 mmZ2. Features
optional tri-colored vision centering
system for placing fine-pitch QFPs,
BGAs and QFNs.

Juki Corp.

jukiamericas.com
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DRY CABINETS
MSD 1200 Series offers access from
two sides that can be expanded to
meet production needs and a new
dry unit with closed-loop on-demand
regeneration. Said to exceed IPC
J-STS-033B.1 requirements for han-
dling MSDs. Zeolite dryers feature
dehumidification, reportedly reducing
RH of an MSD1212 from 50% to less
than 5% in 240 sec. under unloaded
conditions at 25°C. Optimal humidity
levels are below 0.5% RH. Regener-
ates only when necessary.

Totech Superdry

totech.eu.com

FLYING PROBE TEST SENSOR
ThermoScan can be installed on a fly-
ing probe shuttle for general applica-
tion or a probe module with Z-move-
ment for more accurate measurement
over ICs. Provides troubleshooting
information for PCB repair. Measures
and analyzes thermal behavior of
single-sided and double-sided PCBs.
Temperature range -18° to 220°C;
measurement accuracy 3%.

Acculogic Ltd.

acculogic.com

e}
OTHERS OF NOTE

‘HIGH-OPEN TIME’ PASTE REFLOW OVEN CLEANER LED TRACKING

FCT Assembly Electrolube Cogiscan
fctassembly.com electrolube.us.com cogiscan.com

DDR3 CONNECTIVITY VALIDATION PANASONIC CM NOZZLE SELECTIVE SOLDERING ROBOT

REPLACEMENT FILTERS

Asset InterTech Count OnTools MTA Automation
asset-intertech.com cotinc.com mtaautomation.com
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Miller-Stephenson Offers a Wide Range
of DuPont™ Vertrel® Solvent Blends!

This family of DuPont™ cleaning agents are formulated to deliver the
broadest array of cleaning characteristics available. DuPont™ Vertrel®
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and drying agents. How may we help in your application?

Vertrel® XF Vertrel®MCA Plus Vertrel® SFR
Vertrel® XM Vertrel® SMT Vertrel® SDG
Vertrel® MCA Vertrel® XMS Plus  Vertrel® XP-10
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e-mail: support@miller-stephenson.com www.miller-stephenson.com
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TECHNICAL ABSTRACTS AR E

In Case You Missed It

This column provides
abstracts from recent
industry conferences
and company white
papers. With the
amount of informa-
tion increasing, our
goal is to provide an
added opportunity
for readers to keep
abreast of technology
and business trends.

Solder Materials
“New Developments in High-Temperature, High-Per-
formance Lead-Free Solder Alloys™

Author: Anton-Zoran Miric; anton.miric@heraeus.com.

Abstract: This paper reviews the composition, hard-
ening mechanisms and performance of a new SAC metal-
lurgical system. The alloy has small amounts of antimo-
ny, bismuth and nickel that harden the alloy and improve
creep strength, resulting in significantly improved reli-
ability (vs. SAC and SnPb) of solder joints at standard
temperatures of 125°C, especially with ceramic chip
components. This alloy enables operating temperatures
of up to 165°C. (SMTA International, October 2010)

Solder Reliability
“Low-Silver BGA Assembly Phase Il - Reliability Assessment
Sixth Report: Thermal Cycling Results for Unmixed Joints”
Authors: Dr. Gregory Henshall et al; greg.henshall@hp.com.
Abstract: Some BGA suppliers are migrating sphere
alloys from SAC 305 (3% Ag) or SAC 405 (4% Ag) to
alloys with lower-Ag contents. There are numerous per-
ceived reliability benefits to this move, but process compat-
ibility and thermal fatigue reliability have yet to be fully
demonstrated. The current study was undertaken to char-
acterize the influence of alloy type and reflow parameters
on low-Ag SAC spheres assembled with backward and for-
ward compatible pastes and reflow profiles. This study com-
bines low-silver sphere materials with SnPb and Pb-free SAC
305 solder pastes under varied reflow conditions. Solder
joint formation and reliability are assessed to provide a basis
for developing practical reflow processing guidelines and to
assist in solder joint reliability assessments. This, the sixth
report in a series, presents thermal cycling results. Thermal
cycling conditions include 0° to 100°C and -40° to 125°C,
with 10 min. dwell times. Accelerated thermal fatigue reli-
ability of Pb-free solder joints with varying silver and “micro
alloying” element concentrations is compared with that of
100% SnPb joints for four different package types. The
impact of thermal cycle conditions on the rank order of
the reliability for the different solder joint compositions is
presented. Implications of the data regarding the efficacy of
using BGAs balled with low-Ag alloys, and areas for future
work, are discussed. (SMTA International, October 2010)

Screen Printing
“Stencil Technologies for Small Aperture Printing”
Author: Kevin Liticker; ksliticker@ra.rockwell.com.
Abstract: Balancing different paste volume require-
ments within the same stencil often requires the stencil
designers to choose between optimizing stencil design for
large parts, which can lead to poor print quality on the
very small apertures, and optimizing for the small parts,
which will starve the large parts of the necessary paste
volume for a complete solder joint. A variety of stencil

48 | PRINTED CIRCUIT DESIGN & FAB / CIRCUITS ASSEMBLY

technologies purportedly reduce the acceptable area
ratio well below the standard 0.66 limit, with the cor-
rect choice of materials and/or aperture forming (cutting)
methods. This work evaluated several of these stencil
technologies and aperture forming methods as they
relate to paste transfer efficiencies for small apertures,
including “PhD,” fine grain stainless and nickel stencil
methods, and pulsed YAG laser, fiber optic laser (with
and without electropolish) and electroform forming
methods. (SMTA International, October 2010)

Surface Finishes
“Silver Corrosion in Hugh Sulfur Environments”
Author: James S. Tonge; jim.tonge@dowcorning.com.
Abstract: The results of several studies on the
behavior of silicone-coated silver substrates exposed to
sulfur-based industrial pollutants, including continuous
corrosion rate monitoring of silver circuits on glass sub-
strates. An accelerated exposure tool was used to derive
the controlling parameters in circuit performance in a
mixed gas (H,S, NO, and Cl,) atmosphere at constant
temperature and relative humidity. This work confirms
that controlling the interface between the metal and sili-
cone is a key factor in long-term silver corrosion protec-
tion. (SMTA International, October 2010)

Designer's Notebook, continued from p. 22

corner” land shape. Corner radius lands also improve
the Pb-free solder process, but are good for both lead
and Pb-free solder techniques. The corner radius used
for the Least environment land is 0.05 mm.

Land pattern dimensions:

m C1 and C2 = center of component to center of land.
® Y1 and Y2 = land length.

®m X = land width.

®m R1 and R2 = silkscreen outline.

® V1 and V2 = placement courtyard excess.

See FIGURE 2 for the “Nominal” environment
dimensions. The corner radius used for the Nominal
environment land is 0.1 mm. See FIGURE 3 for the
“Most” environment dimensions. The corner radius
used for the Most environment land is 0.15 mm. The
difference in the land area versus component size is clear:
The Most environment is too robust for this component.

The 0603 (EIA 0201) component is so small that in all
three environments, the land heel must be auto-trimmed
to maintain the minimum 0.2 mm (0.008") land-to-land
spacing rule. If the Nominal environment normally is
used, my recommendation for chip components smaller
than 1.0 x 0.5 mm (metric 1005, or EIA 0402) is to use the
Least environment. If the Most environment is normally
used, use the Nominal environment for those chips.
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PCB Documentation?
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BluePrint-PCB

BluePrint-PCB simplifies the process of creating PCB documentation

by transforming a time consuming and error-prone manual process

Q:;iﬂi.lzrﬁ:steﬁg'ﬁﬂ:Eiﬂpxh;lddﬁ:él into an automated and more accurate electronic one. Specifically

designed to create PCB Documentation, BluePrint-PCB creates the

instructions to drive the fabrication, assembly and final inspection

processes, increasing productivity and saving time and money.

Benefits to BluePrint:
« Lowers overall costs of documentation creation

= Increases accuracy and detail of documentation

+ Increases productivity and saves time

+ Simplifies procurement and final inspection

Intelligently link notes to specific callouts

eliminating the need to hunt for information. + Allows designers to move quickly

to next design project
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Place unlimited views of the PCB on any N\
drawing sheet, supporting individual custom St

displays and formatting. “
€ DownStream

800-535-3226 | downstreamtech.com

B2009 Downstream Technologies, Inc. Al rights reserved,
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