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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 Design for Manufacturability

(DFM) and Design for Engineering (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 1996. 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 SCOPE

This document covers guidelines for selecting electrical
conductive adhesives for use in assembly of components
printed circuit boards (PCB) or similar wiring interconnec
systems. The focus is on the use of adhesives as sol
alternatives. The process discussion attempts to stay wit
the bounds of the existing solder assembly infrastructure
much as possible. Both major types of adhesives, isotro
(conducting equally in all directions) and anisotropic (un
directional conductivity), are covered. The two major divi
sions of polymer adhesives, thermosets and thermoplast
are described.

1.1 Introduction Polymers are long-chain molecules
such as epoxies acrylics and urethanes, that are widely u
to produce structural products such as films, coatings a
adhesives. Although polymers occur naturally, most a
now synthesized. Their properties can be tailored to me
thousands of different applications. Polymer-based adh
sives are used in virtually every industry because of th
capability to customize performance. Polymers have exc
lent dielectric properties and, for this reason, are us
extensively as electrical insulators. Most wire insulation
made from polymers. Although a narrow class of condu
tive polymers, called Intrinsically Conductive Polymer
(ICPs), does exist, their other properties do not lend the
selves for use as conductive adhesives. Therefore, virtua
all conductive adhesives are made by adding conduct
fillers to nonconductive polymer binders.

2.0 APPLICABLE DOCUMENTS

2.1 Institute for Interconnecting and Packaging Elec-
tronic Circuits1

IPC-T-50 Terms and Definitions for Interconnecting and
Packaging Electronic Circuits

IPC-TM-650 Test Methods Manual

3.0 BASIC TYPES AND FEATURES

3.1 Benefits and Limitations of Conductive Adhesives

Conductive adhesives are very different from metallurgic
solders (the two classes of joining materials are contras
in later sections). These differences produce a large set
benefits that are listed below. Not every adhesive presen
has all of the features listed, but conductive adhesives te
IPC, 2215 Sanders Road, Northbrook, IL 60062.
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nology has the potential to deliver all of these benefits in
single material.

Benefits

• Compatibility with a wide range of surfaces including
non-solderable ones.

• Low temperature processing; low thermal stress durin
processing.

• Low thermomechanical fatigue; good temperatur
cycling performance.

• Low or no significant VOCs.
• No residuals; high surface insulation resistance.
• Reduced pre-clean or post-clean requirements;
CFCs or washing equipment.

• No lead or other toxic metals. bulFiner pitch capabi
ity.

• Wide processing latitude; easy process control.
• Soldermask not required.

Limitations

• Lower mechanical strength
• No component self-alignment
• Some adhesives require special finishes on parts a
printed wiring boards.

• Higher electrical resistance.
• Higher thermal resistance.
• More difficult to rework.

3.1.1 Types of Conductive Adhesives The most com-
mon conductive adhesives are silver-filled thermosettin
epoxies that are typically provided as thixotropic paste
They are used to electrically interconnect and mechanica
bond components to circuits. Heat is most often used
activate a catalyst or co-reactant hardener that converts
paste to a strong, electrically conductive solid. The pro
ucts which conduct equally in all directions are referred
as isotropic conductive adhesives. These metal-filled th
mosetting conductive adhesives have been used as
attach materials for many decades and are still the m
popular products for bonding ICs to lead frames. Mor
recently metal-filled thermosets have been formulated
component assembly materials. New polymer-based ma
rials are now being used to replace metallurgical solde
especially for surface mount assembly.

A number of other types of adhesives have also been dev
oped. Silver-filled thermoplastic adhesives are available
both paste and film form. The films have found use prim
rily as die attach adhesives. Thermoplastic pastes are m
1
e=Sandia National Lab/5932237100, User=sam, albert
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by dissolving polymer resins into solvents and then addin
conductive fillers. Some of the commercially available
thermoplastic conductive pastes can be used for compon
assembly adhesives, but their properties are typically not
well-suited as the thermosets. This guideline will therefor
focus on thermoset systems for isotropic type adhesive
Both thermoset and thermoplastic processing will be co
ered for anisotropic adhesives since both types and mix
polymer systems are widely available at this time.

Anisotropic conductive adhesives represent the other ma
division of polymer bonding agents. The anisotropic adh
sives can provide uni-directional conductivity which is
always in the vertical, or Z-axis. The directional conductiv
ity is achieved by using a relatively low volume loading o
conductive filler. The low volume loading, which is insuf-
ficient for inter-particle contact, prevents conductivity in
the plane of the adhesive. The Z-axis adhesive, in film
paste form, is placed between the surfaces to be connec
Application of heat and pressure to this stack up caus
conductive particles to be trapped between opposing co
ductors on the two adherents. Once electrical continuity
produced, the dielectric polymer binder is hardened b
thermally initiated chemical reaction (thermosets) or b
cooling (thermoplastics). The hardened dielectric polym
holds the assembly together and helps maintain the elec
cal contact between conductors and particles. Anisotrop
adhesive products are now being used to connect flat pa
displays, TAB, flip chips and fine pitch SMDs. Since aniso
tropic adhesives generate different characteristics a
require special equipment and processing,they will be co
ered separately in more detail later.

3.1.2 Comparison of Metallurgical Solder and Conduc-

tive Adhesives The metallurgical solder joint, typified by
tin/lead solder, is made up of a continuum of metal phas
and intermetallic compounds (Figure 3-1). All of the sev
eral phases formed in the solder joint are electrically co
ductive. The solder bonds directly to the metal of the com
ponent termination and the circuit board. Usually, a sma
amount of the surface metals dissolve in the molten sold
Thin circuit and component finishes, especially gold pla
ing, dissolve into solder and become part of the junctio
alloy. The solder process requires that any oxide on t
surfaces to be joined be removed. Soldering of oxidize
surfaces therefore requires an oxide removing agent kno
as flux. Any residual flux must later be removed. The so
der joint is complex and its composition is affected by th
adherents, temperature, flux, duration of heating and ma
other factors. The adhesive junction, described in the ne
paragraph, is much different.

Conductive adhesives do not normally form metallurgica
interfaces, although junctions of newer high stability type
have not been studied in enough detail to preclude the po
sibility. The basic electrical path is through the adhesive
2PC-Association Connecting Electronics Industries 
y IHS under license with IPC
ction or networking permitted without license from IHS
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conductive particles that contact one another and the tw
adherent surfaces (Figure 3-2). The overall result is to cr
ate numerous pathways, but with each path made up o
large number of mechanical contacts. Conductive adh
sives are composites of discrete conductive particles in
matrix of polymer adhesive. The filler provides conductiv
ity, both electrical and thermal, while the polymer produce
the mechanical performance characteristics. Although t
adhesive should be viewed as an integrated system,
separation of mechanical and electrical properties provid
advantages over solder, but also disadvantages. The ele
cal and mechanical performance can be independen
modified and much more tailoring is possible than wit
solders. However, this independence also means that go
mechanical performance is no assurance of electrical inte
rity. The next section highlights the differences.

3.1.3 Key Differences Between Isotropic Conductive
Adhesives and Solder

3.1.3.1 Mechanical-Electrical Independence The first
rule of conductive adhesives is to set aside all the know
edge and rules of metallurgical solders. The new user
conductive adhesives often encounters problems as
results of the Solder Paradigm. Solder has been the st
dard of electronic assembly for such a long time that a
specifications, test methods, application processes a
expectations are tied to tinlead solder. Adhesives, becau
of their composite nature, behave much differently. Th
most important difference for conductive adhesives is th
independenceof mechanical and electrical properties
However, while good mechanical values do not guarant
the electrical performance, a reasonably strong bond is
prerequisite for electrical adequate performance. Mecha
cal force is needed to keep mechanical interfaces in clo
contact as can be seen from the electrical pathway d
grams. Solder always gives good electrical performance
the junction has good mechanical properties. A stron
adhesive bond is no assurance of good electrical perf
mance.

Electrical and mechanical performance of adhesives mu
both be tested. Adhesives with low filler loading may show
superior mechanical properties and have no electrical co
ductivity. IPC test procedures (which may be found in IPC
TM-650) address this dichotomy and for this reason, mo
testing is required for adhesives than solder. A seco
important difference deals with junction stability. While
solder often loses mechanical performance during accel
ated aging, especially thermal cycling, conductive adh
sives can show a marked reduction in electrical conducti
ity while maintaining mechanical properties. Conductiv
adhesives must be tested for junction stability, especially
a new component or circuit board finish is involved. Su
faces, like copper and solder coat, are especially sensit
to junction instability. The particle contact nature of the
Licensee=Sandia National Lab/5932237100, User=sam, albert
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