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Sometimes customers ask my opinion on
attaching flex circuits directly to rigid
boards.  I’m partial to connectors myself,
but there are applications that routinely use direct attach-
ment very successfully, such as LCD panels, cameras,
cellular phones and pagers.  This article will discuss when
it’s a good idea and how
to do it successfully.

There are a lot of
benefits for using a
direct flex-to-board
connection. It saves
vertical height, can
be more reliable than
fine pitch connectors
and saves the cost of
the connectors.  Some
disadvantages: It adds
an extra process –
each circuit typically
takes 12 to 15 seconds of cycle time.  Rework is difficult,
often ruining the flex circuit.  Also, if the flex is pulled it is
easy to crack a solder joint or trace.  Finally, to do it well
you need proper equipment and fixtures.
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IFT Will Act As A Wholly
Owned Subsidiary

Throughout The Flex Circuit News  there are
links to the web pages of  those companies or
individuals mentioned in the articles, as well
as links to advertisers web pages.
Look for the pointing finger.

Sheldahl and International Flex Technolo-
gies, Inc. (IFT)  finally came to an agree-
ment to merge their two companies.  The
deal will result in new owners for Sheldahl.

According to press releases, Sheldahl will
acquire IFT for 7.6 million shares of stock.
As part of the deal two investment firms,
Morganthaler Partners (IFT’s majority
shareholder) and Ampersand Ventures, will
invest $25 million for 4.9 million shares of
Sheldahl common stock and 4.1 million
shares of preferred convertible stock.  This
will give IFT, Morganthaler and Ampersand
49% of Sheldahl and make them the ma-
jority shareholders.  In addition to this new
funding, the new partners and Molex, a
Sheldahl customer and joint venture part-

ner, will be investing an additional $15 million to buy
Sheldahl subordinated debt and warrants.  In the end Molex
will own approximately 10% of Sheldahl.

The new board of directors will include three of the current
directors of Sheldahl, three designated by IFT, Morganthaler
and Ampersand and one representative from Molex.

International Flex Technologies will maintain it’s identity, op-
erating as a wholly owned subsidiary of Sheldahl.

The story from Reuters  is available at  http://biz.yahoo.com/
rf/001110/n10382168_2.html.

The press release from Sheldahl is available
at http://www.sheldahl.com/News/PR/
cpr110900.htm.

IFT and Sheldahl
Announce Merger
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Electrical Testing and Engineering Analysis

Quick-Turn Prototypes or Production Quantities

Automated Assembly

Photoimageable Coverlay - Eliminates Expensive
Hard Tooling and Lead Time

Design and Turnkey Services Available

The design of the flex goes a long way to the
success of the hot-bar attachment.  The pads on
the flex circuit should be slightly smaller the pads

Hot-bar rule number one:
  Keep your fingers out of the machine!

The first question to ask is whether you can afford
to scrap the flex circuit if you need to rework the
assembly.  Removing a flex circuit from a PCB will
almost always ruin the flex.  If you’re using a simple
flex jumper that’s cheap, it’s probably worth taking
the risk.  But if you have an expensive flex circuit or
a  complex flex assembly I would explore every
other option before using direct attachment.

If the risk/benefit analysis looks good, the next
thing to consider is whether to use solder or
bonding adhesive.  Soldering is more cost effec-
tive, but if the pad pitch is 15 mils or less a z-axis
bonding adhesive is probably the best method.

I spoke with Dave Johnson, Technology Marketing
Manager for MicroJoin, the largest manufacturer
of hot-bar equipment in the U.S.A.  He gave me
some good information to pass on to you.

Let’s first talk about using solder.  Success at hot-
bar soldering depends on the pad pitch. 15 mil
pitch is the point of pain – very difficult to do.  20 mil
pitch is a little easier, 25 mil pitch no problem.
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on the PCB to allow for excess solder to flow
during the reflow process.  Since molten solder
can bridge a four mil gap, the pad size and
spaces should be sized so that in the worst case
of misalignment there is never less than four mils
from a pad on the flex to an adjacent pad on the
PCB.  On the assembly drawing you need to
specify the percentage of pad-to-pad overlap.
Seventy-five percent pad coverage is typical for
commercial/industrial application and ninety per-
cent pad coverage is typical for hi-rel/military
applications.

In addition to the size and spacing of the leads,
the construction of the flex itself effects the hot-bar
soldering process.  Unfortunately the best flex
constructions are more costly to manufacture.

The best circuits for hot-bar soldering have com-
pletely exposed leads - either cantilevered leads
that poke out the end of the flex circuit or traces
that “fly” across an opening in the flex (also called
“windowed” leads).  On the right are illustrations of
both cantilevered leads and windowed leads.

You can hot-bar solder a standard flex circuit, but it
requires more cycle time because it takes longer
for the heat to flow through the basefilm  to reflow
the solder. It also requires and more tooling and
optical alignment equipment to achieve proper
alignment to the pads on the PCB.  The illustration
to the right shows a standard flex with tooling
holes on the flex circuit.

To make flying leads on a garden-variety flex you
can either use a laser to remove the basefilm or
chemically etch away the basefilm to expose the
leads, leaving the copper traces suspended in air.
If the traces and pitch are wide enough (15 mil
traces on a 30 mil pitch) you can also use a
technique called prepunching the basefilm.  This
method involves taking a piece of coverfilm and
create openings where the unsupported leads are

Back issues of The Flex Circuit News
are now available on our web page -
www.flexdude.com!

Windowed or “Flying” Leads

Cantilevered Leads

Standard Flex With Tooling Holes

supposed to be, then laminating a sheet of copper
to it.  The traces are then etched as usual and
coverfilm applied.

There are other ways to make cantilevered leads
using patented manufacturing techniques such as
Sculptured Flex from ACT or EZ Flex from
Johnson-Matthey.  These specialized flex circuits
use extra thick copper to make robust “fingers”
that extend beyond the edge of the circuit.
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www.flexdude.com/Back%20Issues/back.html


Go
uld

®

fle
x

ultrathin 

adhesiveless 

laminates

Ideal Applications

• Single and double sided high-density
flexible circuits requiring copper
thickness less than 18 micron.

• Rigid-flex circuits to eliminate
adhesives with high CTE.

• Circuits requiring controlled
characteristic impedance.

• Semiconductor packaging: BGA, 
µBGA, TAB, and chip scale packaging.

• Thin light-weight portable products.

For more information, contact:

Tom Saven
Field Sales Manager
Gould Electronics Inc.
Electronic Materials Division
(480) 994-8242
Email: tcsaven@speedchoice.com
www.gouldelectronics.com
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Electronic Materials Division

Gould®flex 

The material choice of 
flex circuit manufacturers is

The Flex Circuit News is a bimonthly
newsletter published by Tom Woznicki
and Flex Circuit Design Company in San
Jose, California. It is dedicated to providing
information about all aspects of and pro-
moting the use of flexible printed circuits in
interconnection and electronic packaging.

The Flex Circuit News is a free publication
that is delivered to subscribers by e-mail.

Flex Circuit Design Company is a consult-
ing company that specializes in designing
flexible printed circuits for OEMs and flex
circuit manufacturers.

© Copyright 2000, Tom Woznicki

All rights reserved.

Got a question?

Send e-mail to
Twoznicki@AOL.com or

call
408-629-8343

or toll-free
Subscribe to

The Flex Circuit  News
on the web

www.flexdude.com

You can get more info on Sculptured Flex Circuits
at ACT’s web page:
 www.act-flexcircuits.com.

For info on EZ Flex contact Flex Technology, one of
their biggest licensees.  You can also go to the
September 1999 issue of The Flex Circuit News,
pages 2- 4:  www.flexdude.com/Back%20Issues/
FCN9-99A.PDF.

Whatever method the manufacturer chooses to
use, these exposed leads make alignment to the
PCB very easy and allow for good heat transfer
during the soldering process.

Note:  If the pitch of the flying leads is
big enough, say 50 mils, you can
successfully use a soldering iron in-
stead of a hot bar.  However, I would

recommend it only for prototypes or small volume
applications.

Using Z-Axis Adhesives

As mentioned before, 15 mil pad pitch is the point
of pain for using solder.  Z-axis adhesives are a
great solution for tighter pitches.  These adhesives
are filled with conductive particles and cast into
films.  They are also known as Z-Axis Films (ZAF)
or Anisotropic Conductive Films (ACF).

A piece of the ACF is placed between the flex
circuit and the PC board.  When the hot-bar
applies heat and pressure the flex circuit is lami-
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Backed by 18 years of board-building experience,
Cirexx Corporation is a leader in flex and rigid-flex
manufacturing!

For design services, quick-turn prototypes or
production, call us at 1-800-444-6817
or reach us on the web.

www.cirexx.com

3391 Keller Street  Santa Clara, CA  95054

nated to the PC board and the conductive par-
ticles make contact between the pads on flex
circuit and the pads on the PC board.  The films
don’t conduct electricity in the X or Y direction.
This lamination also provides strain relief for the
electrical connections.

The illustration above shows how the ACF is
applied and how the conductive particles create
the electrical contact only in the Z direction.  It is
from the 3M ACF brochure and is used with
permission.  You can get info on 3M’s Z-axis films
at their web page: www.3m.com/bonding/html/
z_axis_films.html.

Choosing Equipment or Vendors

Finally, you need to either invest in the proper
equipment or choose a vendor that has it.  Hot bar
equipment starts at about $6K for the basic
thermode, but it can run over $100K for machines
with bells and whistles that dispense flux, have

visual alignment equipment, test equipment, etc.
The type of flex circuit you use, the type of PC
board, ceramic or glass it will attach to, the quantity
of assemblies you need to make, etc. must all be
considered.

In summary, direct attachment can be a very good
way to connect flex circuits to PC boards, ceram-
ics or glass, but there are pitfalls - keep you eyes
open and do your homework!

A big thanks to Dave and the other smiling folks at
MicroJoin for their help on this article and their
permission to use graphics from their web page.

MicroJoin, Inc.
13535 Danielson Street
Poway, CA 92064
Phone: 858-877-2100
Fax: 858-887-2110
www.microjoin.com
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Course on Flex Circuit Fundamentals

Bill Jacobi and Tom Stearns are at it again!  This
time they teaching a three day course on flex cir-
cuit fundamentals in the sunny South!  The title is:
FLEXIBLE CIRCUITRY:  MATERIALS, DESIGN &
FABRICATION.

What you will learn:

Methods used to manufacture both flex & rigid-flex.

New materials; their physical properties and how
they are implementing higher performance.

Detailed design criteria for folding and flexing.

How to specify flex and rigid-flex.

Fee: $875 (Four or more from one company:
$800.)  This fee includes lunches.  Lodging and
other meals NOT included.

Tom Stearns

Bill Jacobi

Location:

Holiday Inn Express
3670 Shackleford Road
Duluth, GA 30096
770-935-7171

You are responsible for making your own lodging
arrangements.  Contact the hotel and mention the
course name.  A block of rooms have been
reserved at $69.00 per night.

To register or to get more information contact
Bill Jacobi.  His  phone number and e-mail are:

Phone:  910-295-4892
E-mail:  BillJacobi@worldnet.att.net
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Uni-Flex Circuits

Uni-flex Circuits
1782 Angela Street • San Jose, CA 95125
Ph: (408) 998-5500 • Fax: (408) 998-5505
Email: uniflexcir@aol.com

www.hometown.aol.com/uniflexcir

! Single, Double & Multilayer Flex Circuits
! Cost Effective

! Prototype to Medium Quantities
! Engineering and Design Support
! 24-hour Fabrication Available

Your One-stop Shop for Quick-turn Flex Circuits
Quality Products, & Exceptional Service
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On A Personal Note...

My Beer-drinkin’ Cat

I consider myself a pretty lucky guy.  I have a fine
wife, four wonderful kids, a job that I love - and a
beer-drinking cat.

Hobbs is my late-night companion.  We spend
many nights together watching Letterman or Leno
– me with my laptop, working on a hot flex  circuit
design,  she on the sofa or on my lap.   During
these late night design sessions I like to have a
beer or two, and so does Hobbs! As soon as I
come back from the kitchen with a cold one, she
jumps into my lap and begs for beer.

I am not only amazed that she likes beer, but  how
much she likes beer.  Normally she is indepen-
dent and aloof as most cats are, but as soon as I
open a beer she’s right beside me within a minute
or two!

She may have taken to the bottle because of her
hard life as a kitten.  She was taken from her
mother after only 3 weeks, and her first owners
were a couple who had marital problems and were
constantly fighting.  They gave Hobbs to my daugh-
ter when they moved away.  I
don’t  know if they gave her that
first taste of John Barleycorn,
but I do remember how sur-
prised I was that first time she
jumped into my lap and started
sniffing my beer bottle.  I put
some beer on my finger, she
licked it clean, and we’ve been
drinking buddies ever since.

Now before I get a flood of
angry e-mail I should let you
know that Hobbs is strictly a
social  drinker.  She only drinks
at home - never at bars, She
knows her limit - about 0.25
ounces, and never drives.

At least she doesn’t smoke!

Wusaaaaaap?
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