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The Principles of
Standardization

In May 1995 the IPC’s Technical Activities Executive Committee adopted Principles of
Standardization as a guiding principle of IPC’s standardization efforts.

Standards Should:
• Show relationship to DFM & DFE
• Minimize time to market
• Contain simple (simplified) language
• Just include spec information
• Focus on end product performance
• Include a feedback system on use and

problems for future improvement

Standards Should Not:
• Inhibit innovation
• Increase time-to-market
• Keep people out
• Increase cycle time
• Tell you how to make something
• Contain anything that cannot be

defended with data

Notice IPC Standards and Publications are designed to serve the public interest through eliminating
misunderstandings between manufacturers and purchasers, facilitating interchangeability and
improvement of products, and assisting the purchaser in selecting and obtaining with minimum
delay the proper product for his particular need. Existence of such Standards and Publications
shall not in any respect preclude any member or nonmember of IPC from manufacturing or sell-
ing products not conforming to such Standards and Publication, nor shall the existence of such
Standards and Publications preclude their voluntary use by those other than IPC members,
whether the standard is to be used either domestically or internationally.

Recommended Standards and Publications are adopted by IPC without regard to whether their
adoption may involve patents on articles, materials, or processes. By such action, IPC does
not assume any liability to any patent owner, nor do they assume any obligation whatever to
parties adopting the Recommended Standard or Publication. Users are also wholly responsible
for protecting themselves against all claims of liabilities for patent infringement.

IPC Position
Statement on
Specification
Revision Change

It is the position of IPC’s Technical Activities Executive Committee (TAEC) that the use and
implementation of IPC publications is voluntary and is part of a relationship entered into by
customer and supplier. When an IPC standard/guideline is updated and a new revision is pub-
lished, it is the opinion of the TAEC that the use of the new revision as part of an existing
relationship is not automatic unless required by the contract. The TAEC recommends the use
of the lastest revision. Adopted October 6. 1998

Why is there
a charge for
this standard?

Your purchase of this document contributes to the ongoing development of new and updated
industry standards. Standards allow manufacturers, customers, and suppliers to understand one
another better. Standards allow manufacturers greater efficiencies when they can set up their
processes to meet industry standards, allowing them to offer their customers lower costs.

IPC spends hundreds of thousands of dollars annually to support IPC’s volunteers in the
standards development process. There are many rounds of drafts sent out for review and
the committees spend hundreds of hours in review and development. IPC’s staff attends and
participates in committee activities, typesets and circulates document drafts, and follows all
necessary procedures to qualify for ANSI approval.

IPC’s membership dues have been kept low in order to allow as many companies as possible
to participate. Therefore, the standards revenue is necessary to complement dues revenue. The
price schedule offers a 50% discount to IPC members. If your company buys IPC standards,
why not take advantage of this and the many other benefits of IPC membership as well? For
more information on membership in IPC, please visit www.ipc.org or call 847/790-5372.

Thank you for your continued support.

©Copyright 1998. IPC, Northbrook, Illinois. All rights reserved under both international and Pan-American copyright conventions. Any
copying, scanning or other reproduction of these materials without the prior written consent of the copyright holder is strictly prohibited and
constitutes infringement under the Copyright Law of the United States.
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1.0 INTRODUCTION

This document is intended to provide the designer/u
with information related to the use of pressure sensit
adhesives (PSA’s) for assembly of flexible printe
circuits/wiring (FPC/FPW) and membrane switches. Th
guide provides information on adhesive types availab
and processes suggested for their proper use, highlig
strengths, weaknesses, or limitations; how to st
implementation and where to find additional information

1.1 Scope This document provides guidelines for the us
of PSA’s in single or double sided flexible printed circui
(see figures 3, 4, 5, 6, 7, 8, 9), membrane switches (
figures 10, 11, 12, 13) and component attachments (
figures 2, 14). In addition, the guideline describes the ty
of materials and processes that may be used to accomp
proper assemblies.

1.2 Purpose This document is intended as aguide to the
user by seeking answers to questions related to accep
effective methods for the use of PSA’s in FPC assembli
The methods described herein are not standards.PSA
technology is continuously evolving such that applicatio
and requirements may vary beyond the scope of this p
lication.

1.3 Classification of PSA’s

1.3.1 Physical Characteristics

A. Unsupported transfer adhesive on release liner(s).

B. Adhesive coated on one side of a film, foil, foam, o
paper carrier.

C. Adhesive coated on two sides of a film, foil, foam, o
paper carrier.

D. Liquid (UV curable) PSA that is screen printable.

1.3.2 Adhesive Types Pressure Sensitive Adhesiv
(PSA) is a term used to designate a distinct category
adhesives and adhesive tapes which in their dry (solve
free) form are permanently tacky at room temperature a
adhere to a variety of dissimilar surfaces upon contact w
light pressure from a finger, hand, roller or other device

Pressure Sensitive Adhesives can be made from a var
of elastomers (rubber-like materials) compounded w
additional ingredients to enhance performance, reduce
effect of environmental degradation and provide f
appearance. The largest volume of PSA’s are made fr
natural and/or synthetic rubber, thermoplastic blo
copolymers, acrylic and silicone polymers.
ation Connecting Electronics Industries 
r license with IPC Licensee
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Many of the rubber and thermoplastic elastomers are
mulated with low molecular weight additives called tac
fiers to increase the tackiness and peel adhesion of the
rubber (elastomer). Tackifiers for non-silicone elastom
are obtained from wood rosin, terpene resins and also
certain petrochemical products. Terpene resins and
hydrogenated synthetic tackifying resins provide for su
rior environmental aging of the PSA. Certain acrylate
silicone elastomers are inherently tacky; a variety of acr
PSA’s may be produced by changing the acrylic mono
composition. Silicone tackifiers are made from another
cone polymer which has a three dimensional structure

Other ingredients called plasticizers can be added to
base rubbers to soften the PSA and improve tack pe
mance. Low molecular weight additives contained in
PSA have the potential to react with the base elasto
resulting in reduced adhesive performance and transfe
chemical residue to the mating surface. Diffusion of ad
tives out of the PSA can produce a ‘‘drying out’’ effect
loss of tack over time.

Antioxidants are added to non-silicone and non-acr
PSA formulations to protect against oxidation of the e
tomer. Oxygen chemically attacks the PSA and lowers
cohesive strength of the adhesive by breaking the poly
chains. Several antioxidants are added to protect PS
(other than acrylics and silicones), from degradation du
UV light, heat and the effects of oxygen. A color chan
may occur at the bond interface with certain antioxida

Inert fillers can be added to reduce cost, increase stre
and alter the appearance of the PSA. Metal or ceramic
ers may be added to give the PSA the added function
of electrical or thermal conductivity or both.

Some PSA’s are crosslinked to provide improved hold
power and environmental aging properties. Increa
crosslinking may result in lower tack and peel performa
of a PSA.

PSA’s are usually characterized as permanent, repos
able or fully removable. Permanent PSA’s adhere agg
sively to the substrate and are not easily removed o
contact is made with the mating surface. Reposition
PSA’s allow for removal and replacement within a defin
time span after which they become permanent. F
removable PSA’s allow repeated application and remo
without loss of adhesive integrity. Some removable PS
do leave an invisible residue on the substrate, usually a
molecular weight additive or residual polymer. This resid
may have an effect on subsequent processing of this
face.
1
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GENERIC TYPES OF PSA’S Typical properties are shown
in Table 1.

A. Rubber Resin Based PSA’s Natural rubber and natu
ral rubber/synthetic rubber blends modified with tackifie
and antioxidant represent the oldest and probably the la
est family of PSA’s. This family of PSA’s has good adh
sion to a variety of surfaces and can be formulated to h
good tack and shear properties. Typical formulations
rubber based PSA’s have a service temperature limited
maximum of 82°C, susceptibility to oxidative solvent
poor UV resistance and degradation due to thermal
oxidative environments.

Table 1 Typical Properties of Generic PSA’s

Silicone
Based

Acrylic
Based

Rubber
Based

UV
Based

180° Peel
Adhesion
[N/M]

10 to
120

10 to
300

16 to
100

16–96

Service
Temperature
°C Range

–73 to
260

–40 to
177

4 to 80 –17 to
93

Short Term
Thermal
Exposure
(solder reflow
10 sec 260°C

Yes Yes No Yes

CREEP
RESISTANCE
Holding
Power at
Room
Temperature
23°C

+ + + +

Holding
Power at
Elevated
Temperature
(93°–149°C)

+ + – 0

Adhesion to
Low Energy
Surfaces

+ – + +

Ultraviolet
Light
Resistance

+ + – –

Oxidation
Resistance + + – 0

Flame
Retardancy + 0 0 0

Organic
Solvent
Resistance

0 0 – –

Water
Resistance + + + +

Alcohol
Resistance + + – 0

Relative Cost – + + +

+ = strengt h - = weaknes s 0 = Formulation dependent
2C-Association Connecting Electronics Industries 
 IHS under license with IPC
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--`,,,``,,``,,,```,`,,,`,``,,,,`-`-`

cument details: IPC FC-234 1998
-

e

a

d

B. Block Copolymer Based PSA’s Block copolymer
PSA’s are formulated from thermoplastic rubbers such
styrene butadiene or styrene polyisoprene copolymers p
tackifiers and plasticizers to develop the required tac
These PSA’s tend to be tough and firm with aggressi
adhesion. However, since these elastomers are thermop
tic, their use temperature tends to be limited to conditio
below their glass transition temperature (Tg) of the thermo-
plastic phase. Typical range for maximum adhesion a
holding power is 82°C to 93°C.

C. Acrylate Based PSA’s Acrylate based PSA’s are for-
mulated from acrylic polymers whose properties can
tailored from various combinations of acrylic monomer
Acrylic PSA’s can be coated from either a solvent syste
or water based emulsions. Acrylic PSA’s produced fro
emulsions tend to have an affinity for moisture and typ
cally are not used in high humidity environments i.e
greater than 70% relative humidity.

If used in high humidity environments, acrylic PSA’s pro
duced from emulsions will either totally fail from adhesiv
re-emulsification or will suffer a serious degradation o
bond strength. It is important that the designer ask the P
vendor whether their materials is coated from a ‘‘solven
solution or from an ‘‘emulsion.’’ Solvent acrylate PSA’s ar
strongly recommended for FPC assembly applications.

Acrylate based PSA’s are used in applications where en
ronmental resistance, high ultimate peel strength, hi
holding power, and/or high temperature resistance a
required. For instance, assemblies bonded with acry
PSA’s can withstand solder reflow temperatures. Acry
PSA’s can be formulated to have:

1. High initial and permanent bond strengths.

2. Initial respositionability building to a high, permanen
bond over time (i.e., 24 to 72 hours).

3. Or low initial and long term bonds resulting in clea
removability over extended time periods.

Acrylate based PSA’s are widely used for many industri
OEM applications because of their excellent balance
properties, aging characteristics and versatility. A typic
application is the bonding of stiffeners to flexible circuitr
assemblies.

D. Silicone Based PSA’s Silicone PSA’s provide excel-
lent temperature performance compared to rubber
acrylic PSA’s, and exhibit good adhesion properties at bo
high and low temperatures. Silicone PSA’s also have go
adhesion to low surface energy substrates such as poly
ylene or fluorocarbon. Silicone PSA’s are typically pro
duced from a solvent solution and possess good resista
Licensee=Sandia National Lab/5932237100, User=sam, albert
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to thermal and oxidative degradation. Some removable s
cone PSA’s may leave a residue that could affect sub
quent adhesion. Silicone PSA’s offer excellent conformab
ity to uneven surfaces, high temperature performance,
tend to have lower peel strengths than acrylics and tend
be more expensive than other PSA’s. Silicone PSA’s
inherently flame retardant and thus do not require chem
additives that may cause ionic degradation resulting
changes of electrical properties of the finished circuitry.

E. UV Cured Screen Printable PSA UV cured pressure
sensitive adhesives are typically 100% non-volatile liqui
prepared by polymerization of acrylate polymers an
monomers. In addition, UV curable PSA formulation
requires a photo initiator that dissociates rapidly in t
presence of UV light or an electron beam (EB) generati
chemical free radicals which initiate the crosslinking of th
adhesive. The curing reaction is completed in seconds.
cured PSA’s exhibit similar properties to thermally cure
PSA’s, i.e., improved shear and creep resistance.

UV curable PSA’s are applied by the same equipment u
for solvent and water based PSA’s including screen pri
ers. The ability to selectively screen print UV curab
PSA’s is attractive because the adhesive can be app
where the adhesive is needed thus minimizing waste.
addition, UV curing produces a minimum amount of he
allowing UV curable PSA’s to be applied to temperatu
sensitive substrates.

Screenable UV (liquid) pressure sensitive adhesives
100% non-volatile materials and typically have little or n
shrinkage below 70°C. At temperatures greater than 70
some shrinkage may occur in the adhesive coating,
typically less than 2%. Because the coating conforms to
substrate material upon which it is applied, shrinkage of
substrate material would be the governing factor.

UV curable PSA’s can be formulated to achieve a wi
range of peel, shear and tack properties. However, UV c
able PSA’s typically have lower temperature resistance th
acrylic or silicone PSA’s.

Performance of a UV cured PSA is dependent upon achi
ing a properly cured condition. Most UV cured PSA
require a specific energy level (Joules/cm2) for a given
adhesive thickness to achieve optimal performance prop
ties.

The variability of UV curing equipment requires that th
system be carefully calibrated to ensure that the adhes
will be properly cured. Typically, UV curing systems ar
calibrated by performing a ‘‘cure ladder’’ study. A cur
ladder study consists of running samples at various U
light intensities and dwell times until the UV cured PS
achieves the desired sheer and peel properties. If sev
UV curing devices will be used, it is recommended that
cure ladder study be conducted on each device. In addi
ion Connecting Electronics Industries 
license with IPC Licensee

Not for Rorking permitted without license from IHS
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to the UV light source, the final cure state can be affec
by cooling techniques, use of focused or diffused light a
changing from IR excited to microwave exciting source

1.3.3 PSA Adhesive Classifications

1.3.3.1 Permanent Designed for maximum bond
strength. Failure mode for many permanent PSA’s is s
strate deformation and/or cohesive failure.

Permanent PSA’s are typically used for bonding, mountin
laminating or other assembly applications.

1.3.3.2 Repositionable Permanent PSA’s can be formu
lated to have high initial bond strength or they can be fo
mulated to be initially repositionable, building to a perm
nent bond over a 24 to 72 hour period. See Figure 1.

This class of PSA’s should be considered as perman
PSA’s with the added feature of the ability to remov
reposition within a limited time interval. Typically, reposi
tionable PSA’s require more time to achieve maximu
adhesion and may be better suited for hand assembly ap
cations. Once full adhesion is achieved removal may ca
substrate deformation or cohesive failure.

1.3.3.3 Removable This family of PSA’s is designed to
be cleanly stripped off leaving no adhesive residue ev
after extended time periods of bonding. The ultimate bo
strength of a removable PSA is much lower than that o
permanent PSA.

Removable PSA’s are typically used for masking tapes a
removable label applications.

1.3.3.4 Ultimate Bond Strength Because of the vis-
coelastic properties, PSA’s do not achieve their maximu
performance (i.e., holding power, moisture resistance, h
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Figure 1 Graph of PSA Bond Strength
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Full d
resistance, etc.) until their ultimate bond strength
reached. This occurs when the adhesive has wet out 1
of the surfaces to be bonded via cold flow. Maximum
ultimate bond strength is usually obtained 24 to 72 ho
after the initial bond is made; this will vary dependin
upon adhesive formulations and application or laminat
methods.

2.0 REFERENCE DOCUMENTS

2.1 N.A.S.A. Goddard Space Flight Center
Publication 1124
Outgassing Data for Selecting Spacecraft Materials

2.2 ASTM E-595
Standard test method for total mass and collected vo
tile condensable materials from outgassing in
vacuum environment.

3.0 TERMS AND DEFINITIONS (specific to pressure sens
tive adhesives)

3.1 Acrylic – A family of synthetic acrylate ester poly
mers with excellent aging characteristics that can be u
as adhesive coating or saturant, depending upon comp
tion.

3.2 Adhesion – The bond produced by contact between
pressure-sensitive adhesive and a surface.

3.3 Adhesive Transfer – The transfer of adhesive from
its normal position on the tape to the surface to which
tape was attached, either during unwind or removal.

3.4 Cohesion – (Cohesive strength, internal bond) Th
ability of the adhesive to resist splitting. Good cohesion
necessary for clean removal.

3.5 Cold Flow – The tendency of some Pressure Sen
tive Adhesives to act like a heavy viscous liquid an
exhibit a limited amount of flow over a period of hours o
days at room temperature. Increases in adhesion can
place as the result of improved wetting of the substr
surface.

3.6 Dynamic Shear – A test in which shear force is
increased until the bond fails. The results are reported
units of force per unit of area. The order of magnitude
dynamic shear value for a PSA is 690 kPa as compare
the dynamic shear for a thermoset adhesive of 6900 kP

3.7 Electrolytic Corrosion Factor – A measure of the
tape’s corrosive effect on a copper conductor. This is p
ticularly important in selection of tapes for use as electri
insulation.
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3.8 Fish Eyes – Relatively small deformations (pock
marks) in the adhesive coating.

3.9 Flame Resistance – The ability of a tape to with-
stand exposure to flame. Fire-proof materials will not bu
even when exposed to flame. Flame proof (fire- retarda
self-extinguishing) materials will burn when exposed
flame, but will not continue to burn after the flame
removed.

3.10 Heat Resistance – The ability of a tape to with-
stand exposure to specific temperatures after applicatio
a surface. Clean removal after exposure may or may no
important depending on the intended function of the ta
and the type of adhesion.

3.11 Holding Power – (Creep Resistance) – The ability
of a tape to resist the static forces (shear adhesion) app
in the same plane as the backing. Usually expressed in t
required for a given weight to cause a given amount of ta
to come loose from a vertical panel.

3.12 Migration – The movement over a long period o
time, of an ingredient from one component to another wh
the two are in surface contact. This may occur betwe
tape components or between a tape and the surfac
which it is applied. Some plastic films and foams conta
plasticizers which are apt to migrate into the tape adhes
causing the adhesive to soften.

3.13 Oozing – A ‘‘squeezing out’’ of the adhesive from
under the backing. Soft and tacky PSA’s plus higher co
ing thickness increase the tendency to ooze. PSA’s can
formulated to be resistant to oozing.

3.14 Peel Adhesion – The force required to break the
bond between a tape and the surface to which it is appl
Usually measured by peeling back the tape at 180 deg
or sometimes at 90 degrees in the case of certain backi
and at a standard rate and condition, and expresse
ounces or pounds per inch width.

3.15 Quick Stick – (Tack, Finger Tack, Initial Adhesion
Wet Grab) The property of a pressure sensitive adhes
which allows it to adhere instantly to a surface under ve
light pressure. It is determined by the ability of the adh
sive to quickly wet the surface contacted.

3.16 Release Liner – A web or sheet of material cover
ing the adhesive side of a tape. It is removed prior
application. Most frequently found on double-coated tap
and label stocks.

3.17 Silicone – A polymer system containing silicone
which can be a very effective release coating, or a press
sensitive adhesive capable of functioning effectively
extreme temperatures.
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