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International Mandatory
Product Standards

Competing for global markets requires compliance with mandatory stan­
dards as a critical aspect ofthe product realization process. Theextent to
which the product team is aware ofproduct standards is reflected initsabil­
ityto move the product through the design specification, development, and
testing phases ofproduct realization. Recentdevelopments inregions such
as the European Community and the Pacific Rim have created the need for
increased awareness ofpresent and proposed international mandatory prod­
uctstandards. Thispaper presents the projected evolution ofthesestan­
dards, and some practical design implementation strategies are offered at
both the system and printed wiring board levels.
Introduction

For corporations to remain profitable
in globally competitive markets, allaspectsof
bringinga productto marketmust be care­
fully planned, and each phasemustbe optim­
ized. Acorporation cannotremain profitable
unlessit methodically pursuesmandatory
productstandards.

Gradually gatheringcompliant design
standardsinformation with eachdesign itera­
tionis nowa thingofthe past. Rapid increases
in technology are shrinking the average
marketwindow for a product. This implies
that productdevelopment schedulesand
costs mustbe minimized by making the pri­
marydesignconsideration havebuilt-in qual­
itysystemsthat emphasize compliance with
mandatory productstandards.

Optimizing Communications
Effective communications between

and among project teammembersare crucial
whenenteringnewmarketswith unfamiliar
regulation. AT&T, in its effort to expand the
marketboundaries fornewproducts, must
gather information aboutallmandatory stan­
dards that apply to its products. In dealing
with multinational markets, a product design
mayrequirea modular approach that will
address the differences in the product'santici­
patedoperating environments.

The concept ofdesigning for multi-

national products mustextend beyond deal­
ingwith differences between power sources
and telecommunications networks. It also
must accommodate a composite ofthe man­
datory standards for the multinational prod­
uct.To simplify the design approach, a worst­
case composite mustbe createdforallmanda­
torydesignrequirements such as tip-ring
spacing dimensions forvoltage breakdown
tests, and the various regulated emission and
immunity levels spanning the frequency spec­
trum.This composite will also reflect multiple
distances between test equipment andthe
equipment undertest (in the caseofradiated
emission measurements), andwill specify the
equipment under test configuration that is
required.

Electromagnetic compatibility (EMC)
and productsafety considerations affect a
product's physical designattributes. Notcom­
municating these requirements will resultin
the prohibitive costpenalties associated with
hardware redesign. The team, onceexpecting
recordprofits, will now be struggling simply
to break even.

The International Directives
Internationally marketed products

must meeta growing arrayofmandatory stan­
dards.Conformity assessment (CA) combines
productdesign typeapproval, conformance
testingto mandatory standards, test lab
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Panel 1. Acronyms In This Paper

ANSI - American National Standards Institute
CA - conformity assessment
CAD - computer aided design
CB - Competent Bodies
CENELEC - European Organization forElectro- tech­

nical Standardization
CISPR - Special International Committee on Radio

Interference
CfR - Common Technical Regulation
cw - continuous wave
DSR - double-sided rigidboards
EFr - electrical fast transient
EMC - electromagnetic compatibility
EMI - electromagnetic interference
ESD - electrostatic discharge
EC- European Community
FCC - FederalCommunications Commission
IEC - International Electrotechnical Commission
ISDN - Integrated Services Digital Network
ISN - impedance stabilization network
ISO - International Standards Organiiation
ITE- Information Technology Equipment
LAN - local area network
MLB - multi-layer board
NB - Notified Body
PSfN - public switched telephone network
PWB - printed wiring board
QS - quality system
RF - radio frequency
TCF- technical construction file
TIE - Telecom Terminal Equipment Directive

accreditation, and quality systemregistration. Proofof
compliance with these standardsis a major ingredient of
conformity assessment. Thoughmandatory standards
are proliferating in the areas controlling radio frequency
(RF) emissions and immunity ofproducts, throughout
the world the European Community essential require­
ments in EMC continue to leadthis standardsactivity.
These CISPR emissions requirements have been adopted
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by the European Organization for Electrotechnical Stan­
dardization (CENELEC) andare called European Norm
EN55022. It is effectively a copy ofCISPR Publication 22.
To ensurea comprehensive set ofstandards andpro­
ceduresto improve future marketing, design, manufac­
turing, andtestingpractices, AT&T is actively working
bothwith international standards organizations and
other forces influencing EMC and product safety
standards-setting. Many ofthese activities directly affect
normsbeingwritten and published forthe European
Community (EC).

Oneadditional conducted emission requirement
has been proposed for the revision ofCISPR Publication
22. The revised requirements will be applied to telecom­
munications productsignal portsconnected to both
unshielded and shielded twisted conductor pairs. Atypi­
calapplication would be in products connected to the
public switched telephone network (PSTN) andto
extended local area networks (LANs) suchas Ethernetor
TokenRing. TableI shows proposed signal portslimits
for Class Aequipment.5 Recent work to develop an
impedance stabilization network (ISN) test setupfor
measuring conductive emissions forbothshielded and
unshielded twisted paircabling has beenintroduced.

EC Standards Effect on U.S. Standards
Ourearlierpaperin the AT&TTechnical Jour­

nal) (seeFigures1and2 in that paper) notesthat the RF
emission limits ofthe International Electrotechnical
Commission (lEc) Special International Committee on
Radio Interference (CISPR) Publication 222 are more
severethan similar limits set by the U. S. Federal Com­
munications Commission (FCC). [Note that above 960
Megahertz (MHz), the limit for the FCC Class B curve in
Figure 3 ofour citedworkshould be 44decibels (dB)
above a microvolt per meter, not 39dBas shown.]

There is a dramatic impact on product design
from having to reduceconducted power lineemission
limits down to 150 kilohertz (kHz). This is because the
harmonics ofswitching power supplies now have addi­
tional requirements between 150 and 450 kHz (thelower
frequency limitfor the FCC regulations). Between 88and
230 MHz, the CENELEC/CISPR limits are 4 to 6 dBsmore
restrictive. Withsignificant product clock frequency har­
monics in that frequency bandandwith substantive
differences with respectto the FCC limit, there is a real
potential for design rework or needforexternal



Table I. Proposed CISPR Publication 22 Signal Port Conducted Emission Limits
Limits ofconducted common-mode (asymmetric mode) disturbances atTelecom portsin the frequency range0.15
MHz to30 MHz forClassAequipment.

Voltage limits [dB(!!V)] Current limits [dB(~)]

Frequency range
MHz Quasi-peak Average Quasi-peak Average

0.15 to 0.5 97 to 87 84to 74 53to 43 40to30
0.5to30 87 74 43 30

. .Thelower limits shanapply at the transition frequency.
Note: The limits decreaselinearly withthe logarithm ofthe frequency in the rangebetween 0.15 MHz and0.5MHz.
Thecurrentandvoltage disturbance limits are derived foruse with an Impedance Stabilization Network (ISN) which
presents a common-mode (asymmetric mode) impedance of150ohmsto the signal portundertest (conversion factor
is2010gIO 150 (n) = 44dBn).

suppression to meet these newlimits.
The FCC has releaseda Notice ofProposed Rule

Making on adopting CISPR Publication 22to replace the
digital device limits in Part 15oftheir Rules and Regula­
tions. MP-4 is the FCC'S measurement methodcorre­
sponding to that in CISPR Publication 22.3 This proposal
asksU.S. industry if it prefersone international harmon­
ized standard, or whethermanufacturers shouldhavea
choice ofeither the FCC Part 15Rules andmeasurement
procedures, or those contained in CISPR Publication 22.
Final action by the FCC is expected by the end of1993, at
which timethe nextedition ofPublication 22 is expected.

MP-4 will be replaced byANSI C63.4-19914 by
May 1,1994. Duringthe transition either MP-4 or
C63.4-1991 canbe used.The proposed amendment to the
nextedition of CISPR Publication 22 (which probably will
notoccuruntil1994) will be closerto ANSI C63.4-1991.
Hence, harmonization appears almost assuredbetween
the FCC digital device measurement practice and the
practice to be presentedin the amended Publication 22.

Immunity Standards
The emphasis forproductimmunity in the EC

EMC Directive differs greatly from the voluntary immun­
ityemphasis in the United States, wherethe FCC does
notregulate digital device [Information Technology
Equipment (ITE)1immunity.' U.S. manufacturers now
determine on their own howmuchimmunity is adequate.
In the EC,a set ofgenericimmunity standards-EN
50082-1-was published inApril 1992 in the Official Jour­
nalofthe European Communlties." It provides limits and
methods to measureimmunity outlined inTableII,and
hencea harmonized standardthat mustbe met before

the CE Markcanbe applied to the product to allow free
flow with the 12ECmemberstates.

The genericstandard applies if product-specific
standards do not exist, i.e., no standard applies to such
equipment as ITE. CISPR has a working groupdeveloping
ITEimmunity standardsthat will takeprecedence over
the genericstandard. This standards proposal (currently
identified as CISPR Publication 24) also has been intro­
ducedinto the EC standards settingbodyCENELEC to
assure international harmonization.

Atthe timeofthis writing, no surge (e.g., lightn­
ing) or conducted immunity tests wereidentified in the
genericstandard, although these tests are well on the
way to becoming requiredbecause theyare now partof
the informative annexofthe generic standard. Informa­
tive annexes become partofthe normative standard
whenthe basicmethods ofmeasurement standards are
published, and the ECrecognizes the changes ofstatus.

Conforming to the EMC Directive
The EMC Directive wasenacted in 1989.7 The

directive states that products mustmeetessential EMC
emission and immunity requirements. Atransition period
wasannounced inApril 1992 that makesit effective
December 31, 1995.8

The EMC Directive applies to a broadrangeof
products, especially ITEproducts, including telephone
networks and apparatus. Wewill laterdiscuss the basics
ofthe Telecom Terminal Equipment (TIE) Directive?
thatwentintoeffect in November 1992, and that takes
precedence for equipment attached to the PSTN. Manu­
facturers are awaiting the mandatory technical require­
mentsthat are beingdrafted. This paperwill concentrate

AT&TTECHNICALJOURNAL. MARCH/APRIL 1993 27



Figure 1. The correct distribution of a clock sig­
nal. Typical values for the components are:
R2=Zo - Rgen where Zo is the characteristic
impedance of the path on the board and Rgen is
the output resistance of the clock driver,
C1=100 picofarads (pF), and R1=100 to 200
ohms for some popular logic families. L1 is the
length of the line delivering the clock signal.

rev

Figure 2. The configuration of two 50 ohm strip­
lines, i.e., transmission lines formed over a
ground plane. The E-fields from the signal con­
ductors cover a width 3 times that of the con­
ductor. Beyond that distance, the field
strengths are low enough to be negligible.
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on discussing the EMC directive that can be used nowto
gainaccessto the EC for productsother than those con­
nectedto the PSTN that stillrequirecountry-by-country
typeapprovals.

Manufacturers' voluntary declarations ofconfor­
mityto the EMC Directive are highly desirable. The
Directive states that such declarations can be madefor
equipment other than that covered by other directives
(e.g., the TIE Directive), and radiotransmission products.

The Declaration ofConformity contains the
following:
- Productdescription
- Specification reference and anynational measuresto

ensure conformity
- Signatory empowered to bind manufacturer or author­

izedrepresentative in the EC
- References to EC type-examination for such products

designed for radiocommunication. (This is not appli­
cableforvoluntary declaration.)

For example, the manufacturer or an indepen­
dent test labwould run tests on a productto meet the
emission and immunity essentialrequirements. The

manufacturer keeps the test report, declares conformity,
and applies the CE mark (seebelow). The Declaration of
Conformity is described inAnnex I ofthe EMC Directive.

Because the Declaration ofConformity also
applies to the higher controlled directives, reference
must be madeto anyEC-type examination certificate for

.such products such as those covered bythe TIE Direc­
tive. These certificates are provided by Notified Bodies
(NBs) that also are held to strictcriteria contained in the
TIE Directive. Exceptfor itemsassociated with adminis­
teringthe higher-controlled Directive, the Panel 2 criteria
alsolargely apply to Competent Bodies (CBS), i.e., testing
organizations or agencies appointed by a national govern­
ment in the EC to administer a specific EC Directive.

Thus, NBs playa role similar to the FCC's in admin­
isteringITE products needingcertification, e.g., personal
computers (res) and their peripheral devices. Hence, NBs
are formally "notified" to the European Commission by
the national government under specific directives.

Another possibility for showing conformance to
the EMC directive is to use a technical construction file
(TCF). This approach is spelled out in the EC EMC
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Figure 3. The magnetic field fringing effects
between the power and ground planes of a multi­
layer PWB, here configured so the copper plane
edges do not overlap. The point is to capture
the loose flux at the edge of the planes and
thereby reduce the product's high frequency
emission characteristics.
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Directive inArticle 10.2. It canbe usedwhenharmonized
standards do not exist, or whenthere are reasonsto not
apply them.The TCF route currently is available to prod­
uctsnotdesigned to transmit radio communications and
notconnected to the public switched telecom network
(EMC Directive, article 10.5). Briefly stated, a typical TCF
contains the following:
- Description ofproductor apparatus
- Procedures used to ensure conformity with the essen-

tialrequirements ofthe Directive
- Technical report or certificate from a Competent Body.
The TCF mustbe available to the Competent Body for 10
yearsafterthe productgoes on the market.

CBs are specifically requiredto administer and
approve TCFs. In someEC countries there are multiple
CBs, while in others there maybe oneor mayuse
anotherEC country's CB rather than establish their own.

The TCF canalsobe usedfor conformance within
a family ofproducts with smaller differences, e.g., fea­
tures sets. For example, a telecom transmission frame
with many plug-in cards,operating from the sameback­
plane andpower supply, canbe assessedas afamity con­
formance bymeasuring a worst-case combination of
these plug-ins from an emission and immunity perspec­
tive. All combinations neednotbe measured. A CB could
approve the rationale for such combinations while the
tests are beingperformed by the CB or the CB-approved
manufacturer's or third party's test organization.

The CEMark
The CE Markis a productconformity markcon­

sisting ofthe letters CE andtheyearit is affixed to the prod­
uct. The CE Markshows that the product conforms to all
applicable directives. This meansthat onemarkcancover
EMC, TIE, and (for example) future low-voltage safety direc­
tives. Whenan EC-type examination certificate is issuedby a
NB, the CE markmustbe accompanied bythe NB's dis-

tinctive letters or numbering scheme. Boththe yearand
number/Ietter requirements will be governed bythe pro­
posedCE marking directive of7 December 1992. Until this
directive is inplace, the language aboutthe CE marking in
the EMC Directive remains in use, to be superseded bythe
CE marking directive. Whetherthe NB numberanddate
will appearnext to the CE marking is still beingdebated.

Harmonization ofstandards andlabeling across
the EC is ultimately goodformanufacturers to avoid mul­
tiple labeling ofproducts. However, the differing transi­
tionperiods for implementing each EC directive compli­
catethe testingandlabeling plans for eachproduct.

It mustbe notedthat the CE Markis foruse by
national marketinspectors, notconsumers. It is nota
quality, safety, or environmental protection mark. It can
be affixed to eachproduct and!or the packaging mate­
rial, user's manual, or warranty certificate. The EC
expects end-users to preferproducts bearing the CE
Mark, and to reportviolations. The product itselfmust
be markedif possible.

Whenthe CE Markmustbe affixed depends on
whenproducts are considered placed onthe EC Market.
"Placing on the market" meansfirstmaking available
against payment or evenfree ofchargeto a user.

The markcovers the following typesofproducts:
- New products manufactured in the EC, or newor used

products imported intothe EC
- Products soldto a customer
- Products offered viaa distribution chain
- Products imported directly forthe EC manufacturer's

own use.
The markdoesnotapply to the following:
- Manufacturers providing products to a partyresponsi-

blefor meeting the EMC Directive
- Products re-exported out ofEurope by EC importers
- Products exported out ofthe EC
- Products displayed at tradefairs andexhibitions.
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Table II. Generic Immunity Standard Categories, EN 50082-1:1992

Electrostatic Discharge (8kV air discharge)
Radiated Electric Field (3Vim unmodulated between 27and 500 MHz)

FastTransients/Common Mode (applied to signal and (0.5 kV, 5 nanosecond rise time, 50nanosecond
control lines whose total length may exceed 3 meters) impulse duration at a5 kHz repetition rate)

Routes to Compliance with the EMC Directive
Four compliance routes exist:

- Applying harmonized CENELEC Standards (Article 10.1
ofReference 7).

- PreparingaTechnical Construction File (Article 10.2
ofReference 7).

- For radio-communication transmission equipment and
telecom terminalequipment, an EC-type examination
(Article 10.5 ofReference 7). See the following section
on the TIEDirective for details.

- Applying present EC member state national standards.
Whenharmonized standardsare applied, a

manufacturer's self-declaration ofconformity must be
certified by an EC Declaration ofConformity issued by
the manufacturer or its authorized representative esta­
blishedin the EC. For allpractical purposes, Module Aof
Reference 10is applied duringthe designphase when
the manufacturer prepares the technical designdocu­
mentation. It is kept available for review by the national
authorities in the EC.

Duringfirst production, the manufacturer
declaresconformity withthe EMC Directive's require­
ments on emission and immunity, and then affixes the CE
Mark. Though this route is most attractive because the
manufacturer retainscontrol, it has the potential for the
mostchallenge within the EC.

The TIE Directive
The TIE Directive? applies to telephoneequip­

ment that directly or indirectly [e.g., a phonebehind a
private branch exchange (PBX)] connectsto the PSTN. It
does not include most network and centraloffice equip­
ment that is covered by the EMC Directive. Computers are
considered terminalequipmentviatheir connection to the
PSTN. But the directive would apply specifically to the
modem or interconnect component, not to the entire com­
puter. Because a modemcard cannotoperateapartfrom
the computer, it obviously would haveto be included in a
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test setupfor emission and immunity EMC tests.
Determining conformance to the TIE Directive

requires testingto harmonized European standards.
These standardswill be identified in a series ofCom­
monTechnical Regulations (CTRs) beingwritten pri­
marily for digital servicesincluding the ISDN (Integrated
Services Digital Network) and various dataprotocols
such X.21 andX.25. These CTRs treat as essential the
EMC requirements relatedto the TIE, harms to the net­
work, effective use ofthe radio frequency spectrum,
interworking with the PSTN, and interworking ofTIE via
the PSTN. The requirements forproductand public
telecommunication network operatorsafety not covered
by the European lowvoltage directive11 will not be
covered by the CTRs, but will be met byconformance
withother harmonized standards, Le., the lowvoltage
directive or other acceptable solutions justified by the
manufacturer. ANotified Body will check this aspect.

Annexes ofthe TIEDirective offer a choice
amongproceduresfor assessingconformity to the
applicable technical standardsharmonized across
Europe, the CRTs. These conformity assessment (CA)
proceduresare based on the 13December1990 EC deci­
sion10 that specifies the selection ofCA modules. CA can
be established by:
- Conformity. to type (TIE Annexes I plusII; Modules B

plus C). The productis tested by a third party
approved to do this kind of"typeexamination." This
partyis called a Notified Body (NB) indentified inTIE
Directive Annex II. Continuing "conformity to type"
ofthe manufactured producthas to be shown by ran­
domproductchecks by the Notified Body.

- Production Quality Assurance (TIE Annexes I plusIII;
Modules B plus D). Producttype-examination by the
NB is the same as in the precedingexample. Instead
of"conformity to type," the production quality sys­
tem must conform to EN Standard 29002 (same as
ISO 9002).12 The Notified Body forTIE is responsible



Panel 2. Minimum CriteriaWhen Designating Notified Bodies

- The Notified Body, its director, and the staffrespon­
sibleforcarrying out the tasks forwhich the Notified
Body has been designated, shallnotbe a designer,
manufacturer, supplier or installer ofterminal equip­
ment,or a network operatoror a service provider,
nor the authorized representative ofanyofsuch par­
ties.Theyshallnotbecome directly involved in the
design, construction, marketing or maintenance of
terminal equipment, nor representthe parties
engagedin these activities. This doesnotpreclude
the possibility ofexchanges oftechnical information
between the manufacturer and the Notified Body.

- The Notified Body and its staffmustcarryout the
tasks forwhich the Notified Body has been desig­
natedwith the highestdegree ofprofessional
integrity and technical competence and mustbe free
from all pressures and inducements, particularly
financial, which mightinfluence their judgment or
the resultsofany inspection, especially from persons
or groupsofpersonswith an interestin such results.

- The Notified Body must haveat its disposal the
necessary staffandfacilities to enable it to perform
properly the administrative and technical workasso-

for quality system (Qs) conformity, evenif another
agency performs the assessmentand surveillance
under the aegisofthe Notified Body. This ongoing QS
surveillance eliminates the costand timefor the ran­
domproductchecks requiredby the conformity to
typeprocedure above. Its downside is that the QA con­
formity has to be registeredbya registraraccredited
in the EC.

- Full Quality Assurance (TIE Annex IV, Module H).
Here the manufacturer is entitled to self-declare con­
formity with the applicable standards becauseits QS
conforms to EN Standard 29001 (same as ISO 9001).13
covering both productdesignandproduction. Here
toothe NB forTIE is responsible for QSapproval and
surveillance, evenif it is donebyanotheragency
accredited in the EC.The procedure is mostcost­
effective becauseit requiresneitherthird partyprod­
uct testingnor random productchecks.

This material should suggestthat it is critical
fortelecommunications productmanufacturers to keep
abreastofthe impact not only ofthe EMC Directive but

ciated with the tasksforwhich it has been designated.
- The staffresponsible for inspections musthave:

- Sound technical and professional training.
- Satisfactory knowledge ofthe requirements ofthe

tests or inspections that are carriedoutand adequate
experience ofsuch tests or inspections,

- The ability to drawup the certificates, recordsand
reportsrequiredto authenticate the performance of
the inspections.

- The impartiality ofinspection staffmustbe guaranteed.
Their remuneration mustnot depend on the numberof
tests or inspections carriedoutnor on the resultsof
such inspections.

- The Notified Body must take out liability insurance
unlessits liability is assumed by the Statein accordance
with national law, or the Member State itself is directly
responsible.

- The staffofthe Notified Body is boundto observe pro­
fessional secrecywith regard to all information gained
in carrying out its tasks (except vis-a-vis the competent
administrative authorities ofthe Statein which its activi­
ties are carriedout) under this Directive or anyprovi­
sionofnational law giving effect thereto.

alsoto the TIE Directive andits associated ISO quality
standards9001 and9002. In selected a Notified Body
forthe Production Quality Assurance andFull Quality
Assurance procedures, it is essential to establish the
working relationship between that NB andthe QSregis­
trar upfrontto assure that only oneofthese third parties
assesses conformity andconducts surveillance to ISO
9000 standards.

Wenow tum to the practical design stepsto meet
the mostonerousofthe international andENessential
requirements, i.e., designing the product to work inanRF
steady-state and transientenvironment. This process is
called RFimmunization or product RFimmunity.

Designing for RFImmunity
The importance ofdesigning for RFimmunity to

the expected electromagnetic environment is important
not only forequipment reliability, but also legally and
contractually, because customers and some governments
havemandated equipment performance in this area.
Furthermore, the emphasis on quality awareness has
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increased the demand for equipment that functions prop­
erlyin its intended RF environment. This canhappen
only whenthe equipment has appropriate levels ofRF
immunity to electromagnetic interference (EMI). This
section briefly covers someconcepts relatedto designing
for RF immunity.

RF immunity requirements havetraditionally
been specified in two ways:
- For continuous wave (CW) , amplitude modulated,

radio frequency conducted and radiated signals
- For pulsed EMI conducted and radiated sources.
The former category is meantto simulate the interfer­
encegeneratedby radio transmitters; the latterdealswith
sourcessuch as electrostatic discharge (ESD) , electrical
fasttransient (EFT), 14 and surge that represent impulsive
forms ofinterference.

This section will concentrate on tests forpulsed
EMI becauseits requirements place the greatest stress
on modern digital circuits. Circuits immune to pulsed
EMI generally alsowill provide goodimmunity to ampli­
tudemodulated cwsources. This is especially true of
equipment usingdigital technology.

The EMI Environment
PulsedEMI cangenerateextremelevels of

interference. For example, considerthe induced voltage
dropacrossa centimeter ofwire with 10nanohenries of
inductance causedbyan ESD-generated current that rises
to 1 ampere in 1 nanosecond (ns). The voltage dropis
given by L(di/dt)-Le., the inductance Ltimesthe time
rate ofchangesofcurrent-or 10volts per centimeter.
The interference potential ofthis current is high.To
makemattersworse, 10volts/em is small compared to
the possible values generatedby ESD. Compared to other
typesofnoise, digital logic noise canreachan L(di/dt)
dropof0.5 volt per centimeter, switching supply common­
mode noise can reach2volts per centimeter, anda few
volts per metercwfield will induceless than a few tens
ofmillivolts per centimeter in a wire.

cwemissions canbe a problem for the high
field-strengths associated with small portable trans­
mitterssuch as cellular phonesthat canbe located
inchesfrom equipment. For this extreme case,tech­
niquessimilar to those outlined below forpulsed EMI
should be used.

Changing electric fields associated with pulsed
EMI events can produce largeparasitic currents. Take,
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for example, a changeinvoltage of1killivolt (kV) across
1 picofarad (PF) ofcapacitance in 1 ns.The current in the
capacitor is given by C(dv/dt)-Le., the capacitance times,
the timerate ofchangeofvoltage-and is 1ampere.

These two examples highlight parasitic coupling's
potential to interfere withequipment. Therefore, good
designpractice mustbe followed if equipment is to exhi­
bit immunity to pulsed EMI that provide highvoltage and
current levels in circuits forup to 50ns.

Design Techniques
Design techniques candivert interference from

sensitive circuits, andhardenthose circuits against the
interference that reaches them. The techniques canbe
classified according to the frequency ranges.

PulsedEMI is a broadband form ofinterference.
The bandwidth ofthe available energyis a function of
the typeofpulsed EMI as well as the coupling modes.
ESD can contain energyto beyond 1gigahertz (GHz),
whereasEFT isgenerally bandlimited to a few hundred
MHz, and surge is limited to a bandwidth ofonly a few
MHz. Design techniques that coverthe rangesbelow
andabove 200 MHz are discussed in the nextsection.
These techniques are effective for ESD andEFT.

Because structuresthat are goodemitters are
also generally goodreceiving antennas, the design tech­
niquesare similar to those that prevent unwanted emis­
sionsfrom high speedcircuits. The difference between
designfor emissions and design for immunity is the par­
ticular circuits themselves, andleadsto which the design
techniques are applied. For instance, a 50MHz clock
leadwould be an emissions problem, andhighfrequency
designtechniques would be used forsucha signal. Tech­
niquessuch as minimizing loop areasandpath lengths
on circuit boardsare examples ofwhatis required. 15,16
The 50MHz clock would alsobe a concern for immunity,
becausea signal that changesstatescanbe severely dis­
rupted. Thus, highfrequency designtechniques help
both emissions and immunity.

Consider the caseofa reset lead. Sucha signal
would not likely be an emissions concern, but would
surelybe an immunity concern becausea glitchon that
leadwould reset the system. Therefore the samehighfre­
quency designtechniques would be applied to a reset lead
to impartsystemimmunity from pulsed EM!. The critical
leadsfor immunity generally include those foremissions
as well as additional ones,such as the reset lead.



Specific Techniques
This section discusses methods to workwith

frequency components below and above 200 MHz, and
sparkprevention in unitsusingan insulating enclosure.

Frequency Components Below 200 MHz. Below 200
MHz, the effect ofcablesattached to products tends to
dominate inconducting the interference intothe prod­
uct. The exception is directESD, wherethe sparkinjects
currentdirectly intothe product. Provision must there­
fore be madeto divertshieldandcable currents induced
bynearby pulsed EMIintothe product before it enters
the product's circuitry.

Design techniques for accomplishing the diver­
sion ofinduced currents relyon skineffect and the free­
space capacitance ofthe product'schassis. If the product
hasa metal enclosure, the skineffect will preventEMI
currentsfrom reaching the circuitry bypenetrating the
enclosure exceptthroughholesand seams.17 Also, if a
cable shieldis connected to the product's chassis, cur­
rentsabove a few MHz will flow from the cable intothe
chassis insteadofpenetrating the product. The chassis
canthus be used as a free-space capacitor to remove high
frequency energyfrom the cableshield. 18,19

Ferritesalsocanbe used to reducecommon­
mode currentsfrom pulsed EMIon cables. This tech­
nique is especially useful whenit is impractical to divert
common-mode currents to a chassis. The ferrite used is a
lossy material that canbe modeled as an inductance in
parallel with a 100 ohmresistorhaving an R-L comer fre­
quency ofa few tens ofMHz.20 Adding a ferrite to a cable
canreducecommon-mode currentby as muchas 50 per­
cent,although the real amount isvariable.

Cabinet or productenclosure issues-as op­
posedto cabling issues-generally become important
above 200 MHz. Exceptions to this rule exist. Oneexcep­
tion is a directESD to the enclosure and sensitive circuits
still prevalent below 200 MHz.

Frequency Components Above 200 MHz. Above 200
MHz, product enclosure issuesbecome important and
even dominant. The dimensions ofholes, seams, and
slotsin the enclosure canbe comparable to a wavelength
at these frequencies reducing the shielding effectiveness
ofthe cabinet. Agoodcompilation ofguidelines is given
in Boxleitner.P

Preventing the Spark. Some products, especially
small portable types, use an insulating enclosure. For
this equipment, the option existsto preventing directESD

from affecting the product. Properdesign ofthe enclo­
sure to insureat least2 to 3centimeters (em) ofspace
between conductive systempartsandchargedobjects,
usually humans, is required [Boxleitner, pp. 40-41].

Summary of Immunity Concepts
Pulsed EMIandclose radio transmitters can

induce substantial interfering voltages andcurrentsin
electronic products. The amplitudes ofvoltages can
reachup to hundredsofvolts per centimeter induced on
conductors throughselfandmutual inductance. Injected
current amplitudes canreachamperes throughonly 1pF
ofcapacitance byelectric field coupling. These transients
canlast up to 50 ns.

Special precautions mustbe takento insurethe
product's immunity to this interference as legally man­
datedby many ECgovernment authorities andbycontrac­
tualrequirements. Design techniques aimto divert inter­
ference away from sensitive circuits as well as to harden
those circuits against the interference that reachesthem.

Design Practices for High Speed Digital Circuits
There are several products with digital circuits

andclock frequencies as fastas 1 GHz. Common- and
differential-mode radiation from these circuits canmake
the productan unwanted sourceofinterference. Further­
more, self-immunity becomes an issuebecause ofinterac­
tionsbetween high- and low-speed signals andcircuitry.
The printed wiring board (PWB) is still the mostcost­
effective way to accommodate EMC design techniques.
However, it is only oneelementofthe product, andthe
overall systemdesignmustbe emphasized. Some EMC
techniques wewill addressillustrate how the PWB, cable,
and systemenclosure components caninteractelectro­
magnetically, producing undesirable EMI characteristics.

The following sections recommend design tech­
niquesforhigh-speed digital circuitry that minimize the
harmful effects ofdifferential andcommon-mode radia­
tion. These recommendations are by no meansa cook­
booksolution to allPWB-Ievel EMC design problems, but
theyare an excellent reference pointfrom which indivi­
dualcircuit packEMC solutions canbe derived.

Clock Distribution Model
Figure 1shows howa clock signal should be dis­

tributed. Asillustrated, typical values forthe components
would be: R2 = 20 - Rgen (where 20 is the characteristic
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impedance ofthe path on the boardand Rgen is the out­
put resistance ofthe clock driver), C1 = 100 pF,and R1 =
100 to 200 ohmsfor somepopular logic families. The
exactvalues depend on the logic family. Ll is the length
ofthe linedelivering the clock signal. If the clock signal
is delivered to anotherpointfrom the inputofthe first
receiver (logic gate) in Figure1, its length (12) should
be muchsmaller than Ll, and will be short compared to
the distance traveled by the signal duringits rise or fall
times. If these conditions are unmet, a separatedistribu­
tionpath similar to that in Figure1should go to addi­
tional receivers. This implies that a star patternofclock
distribution is preferable to a tapped bus arrangement.

Many typesofresistorshavean effective value
that decreasesabove 400 MHz becauseofinternal capa­
citance. Byaddingan appropriate ferrite bead in series
with the resistor, almost constantresistance canbe main­
tained to abouta GHz. The ferrite must be selected so its
inductive reactance is small compared to the value ofthe
resistorat frequencies wherethe resistorstill acts likea
resistor. The ferrite must also showresistive impedance
properties adequate to maintain the propertotalresis­
tanceat higher frequencies wherethe resistorbecomes
less effective.

Lead and bodyinductances ofthe resistorscan
also be important. Lead lengthand resistordesign should
produce a small inductive reactance compared to the
value ofthe resistor. Occasionally, a single resistorwill
have toomuchbodyinductance to workat the highestfre­
quency ofinterest. Thus, several highervalued resistors
whoseparallel combination has the desiredresistance
could be used to lower the inductance ofthe total resis­
tanceat the expense ofan increase in internal capacitance
ofthe parallel combination ofresistances. This technique
is mostlikely necessary for resistorsofa few tens ofohms
that mustworkto frequencies above 100 MHz.

Minimizing the Effects of Differential Mode Emission
Every signal has a signal-return path, mostoften

throughsignal ground. Reducing the areaofthe loop
between these two portions ofthe desiredsignal will
helpminimize the effects ofthe radiating loop antenna
formed by the physical orientation ofthe two pathsrela­
tive to each other.The paths should be kept as short and
closetogetheras possible becauseemissions are propor­
tional to the loop area and to the squareofthe frequency
ofthe signals flowing in the signal!groundloops.
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Emission levels are also proportional to the
amount ofhigh-frequency signal currentspassing
throughconductors. In somecircuit configurations,
somecurrentsmayreflect backwards throughthe con­
ductors. Therefore, efforts should be madeto achieve
the minimum current levels neededforcircuit function­
ality. Maintaining uniform tracewidth andreducing trace
discontinuities, such as the excessive use ofviasand
meandering paths, will improve the overall quality, per­
formance andcontrol ofcircuit interconnections, and
will lessencircuit emissions at radio frequencies.

Onefrequently overlooked elementofhigh
speeddigital design is the need to treat allhigh­
frequency tracesas transmission lines. Thus, designers
shouldapply stripline or microstrip design technology
forsuch signals.

Siriplines are transmission linesformed overa
groundplane. Figure 2,for example, shows the config­
uration oftwo 50ohmstriplines. The E-fields from the
signal conductors covera width 3 timesthe width ofthe
conductor. Beyond that distance, the field strengthsare
lowenough to be negligible. The result is that the fields
extendone pathwidth beyond the edgeofthe conductor.
This implies that to minimize the effects ofcrosstalk, a
2W clearance should be maintained between these con­
ductors (i.e., a center to center spacing of3W). (Here W
standsfor the width ofthe conductor.) To autoroute
these paths, temporarily set the pathwidth intentionally
wide for these conductors, autoroutethem,andthen
return these pathsto normal sizeW.

Tracescarrying highfrequencies are notorious
EMI sources. Electric field radiations tend to concentrate
around the sharp edgesofconductors suchas path
comers.To avoid the E-field intensities associated with
these sharp edges,circuit and PWB designers should
avoid 90° cornering in high frequency traceson the PWB.
Some computer aided design (CAD) systems offer
rounded comers forhigh speedlayouts, andalmost all
offer 45° routing capability.

Tracesthat connect to input/outputconnectors
on the PWB should be impedance-matched. These input/
outputconnections should then leave the PWB through
coaxial cables or well-balanced twisted pairs. Cabling is
always it critical aspectofa compliant design and, where
possible, the cable lengthshould be minimized.

Backplane tracesare generally longerthan those
on PWBs. Unusually longparallel tracesshould have a



single properly matched impedance at the farend, and
similarly longseries traces shouldhavea singlematch­
ing impedance at their source. (Unusual lengthin this
context meanslongerthan the distance the signal travels
during its rise or fall times, or lengthexceeding 1/10
wavelength for the highestfrequency components of
interest in the signal.)

Whena PWB undergoes layout changeactivity,
many thoughtful EMe compliance efforts often are com­
promised. Remember that whenchanging pathwork, the
specified tracewidth and spacing must be preserved to
maintain the properimpedance matching.

Minimizing the Effects of Common-Mode Emissions
The first step in reducing common-mode emis­

sion effects is to minimize interconnection lengthsand
insure a low impedance boardground. The PWB paths
should be as short as possible, and layout guidelines
should be assembled accordingly.

Tracewidth shouldbe adjusted forproper
control ofimpedance. All traces that carryhigh frequen­
cies should be matched and terminated with the proper
impedance. Impedance matching is 3-dimensional. Thus,
the PWB designmust showcontrolled impedance between
board layers also.

Designing the power andgroundlayers ofa
multilayer PWB so the copperplane edges do not overlap
will improve the magnetic field fringing effects between
the power andgroundplanes (Figure 3).The pointis to
capture the looseflux at the edge ofthe planes similar to
the 3Wruleoutlined above. This technique will reduce
the product's high frequency emission characteristics.

The following information is relevant when
deciding which plane edge-power or ground-to move
inwards relative to the other plane. If the vee layerhas
more common-mode noisethan the groundlayer, then it
makes sense that the vee layerplane edgesshould be
moved inwards relative to the groundlayerplane edges.
Conversely, if the groundlayeris noisier than vee, then
the groundplane edge should be moved inwards relative
to the vee plane edge.

Techniques for Minimizing Ground Noise
Despite the advantages ofmulti-layer board

(MLB) technology, many cost-conscious productdevelop­
mentteamsstillpreferdouble-sided rigid (DSR) boards.
The changes, however, are the device technologies used

on these DSR boards. DSR boardswith fastswitching
components can easily exhibit groundnoise difficulties
becauseofvoltages that appear acrossgroundpath
inductances. The resulting unstable reference voltages
canbe an elusive sourceoffalse switching.

To minimize the effects ofgroundbounce! in
DSR boards, the PWB designershould incorporate a tightly
spacedpower andgroundgrid.While EMe engineers have
always claimed that anygrid is better than none, some
device technologies function morereliably whenMLB
technology is employed. Many manufacturers provide
device application handbooks describing howto accom­
modate various boardtechnologies. The FairchildFASf
Applications Handbooks- is a reference ofthis type.

Multi-layer PWBs, with one or morelayers dedi­
catedforpower and or ground, will lower the inductance
(L) ofthe power andgrounddistribution system. Because
the voltage swings that are attributable to ground noise
are proportional to L [i.e., V=L(di/dt)], the stability of
these reference voltage planes will improve overDSR
PWB designs.

It is crucial to isolate high- andlow-speed cir­
cuitry to avoid crosstalk, highfrequency noise conduc­
tion, and their attendant emissions onlow-frequency
leadsleaving the PWB. Sum-and-difference spurious fre­
quencies may resultfrom non-linear mixing effects on
discretefrequencies in the circuitry. To prevent this, a
separatevee power plane canbe employed to supply low
speedcircuits. This multiple power plane approach will
improve the quality ofsignal flow while isolating the
plans from noisy high speedcircuits that are physically
removed from quietcircuits. Highspeedpower supply
noise canbe filtered from the PWB power supply connec­
tionsby usingbypass capacitors andferrite beads. This
technique suppressessuch noise from appearing in the
PWB power supply distribution system.

For somesevereproblems, shielding ofhigh
and low speedcircuits may be needed. The use ofcase
shielding should be supplemented on a PWB with
grounded metallic covers (commonly known as a can)
andflying fences, i.e, metal stripsperpendicular to the
boardand connected periodically intothe signal ground
ontowhich the metalcovers canbe attached. These
reflect high frequency energyaway from quietareas.

High frequency currentsflowing inconducting
material tend to concentrate near the surface. Skin
depthin a conducting material is the depthwherethe
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Figure 4. A PWB inside a conductive enclosure or cabinet.
Capacitive coupling creates transfer impedances (Zt)
between the PWB ground plane and the cabinet. These
impedances combine with common-mode noise voltages on
a PWB ground structure to produce current flowing between
the board and the cabinet that cause eddy currents to circu­
late on the enclosure. When the eddy currents circulate
around slots or gaps in the cabinet or enclosure, electric
and magnetic fields will result.

current density has reducedto 37percentor 1/e ("e" is
the base ofthe natural logarithm) ofthe density at the
surface. It is inversely proportional to the square rootof
the frequency, conductivity, and permeability ofthe con­
ducting material. Mostmetals that can supporttheir
own weight are many skindepths thickat frequencies
above a few MHz.

Forcovers and enclosures, use at least3 skin
depthsofmetalfor a shield. At10MHz the skindepthof
aluminum is 3 mils andforcopperit is 1 mil. The material
should requirea low contact pressurewheremechanical
connections are required. Stainless steel,andconductive
paints andcoatings have seriousshielding andmechanical
reliability problems and shouldbe avoided.

The design teamcan also use frame groundsto
reducecommon-mode emission. Multiple PWB frame
grounds should be provided and, ifpossible, frame
ground should be used as an outer PWB layer. This tech­
niqueis especially useful in backplane designs.
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System Level Noise Reduction Techniques
Approaching EMC compliance byconsidering the

whole system versusonly the subsystem, or system com­
ponentlevel alone, will invariably leadto a morerobust
design in terms ofproduct functionality, immunity, and
compliance to mandatory product standards. Since no
two systems are alike in terms offunctionality andphysi­
calimplementation, there canbe noexactcookbook
recipe for EMC compliance. Nonetheless, the following
systemlevel designtechniques apply to many highfre­
quency designs.

Consider the entireoperating environment and
configuration ofthe circuit whendeciding the best EMC
design implementation techniques forthe given system.
This meansthat the electromagnetic physical interac­
tionsamong the systemcomponents-like a local shield
on a PWB, the boarditself, andthe cabinet or enclosure­
mustbe considered before deriving the subsystem com­
ponentlevel solutions. This is especially true for designs
with clock frequencies above 30MHz andrise timesfas­
ter than a nanosecond. Adesign ofthis naturewill exhi­
bit a power density spectrum with significant energy
beyond one GHz.

Radiated Effects From Cabinet-Enclosed Circuitry
Envision a PWB inside a conductive enclosure or

cabinet (Figure 4).TransferImpedances (Zt) are created
between the groundplane ofthe PWB andthe cabinet via
capacitive coupling. These transferimpedances combine
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with common-mode noisevoltages on a PWB ground
structure to produce current flowing between the board
and the cabinet that causeeddycurrents to circulate on
theenclosure. Whenthe eddycurrentscirculate around
slots or gaps in the cabinetor enclosure, electric and
magnetic fields will result. RFcurrentscanbe induced on
any cables running throughor near these openings.

Electromagnetic induction ofnoise ontothe
cables can causethem to radiate at frequencies that can
cause EMI problems to adjacent components or to nearby
radio services. Suppose a l"-squareslot in a cable cabinet
has a cutoff frequency of400 MHz, the frequency below
which a sourceofhigh frequency energywill be severely
attenuated whentryingto propagate through the slot.
Thesmaller the slot the lower the attenuation. Induction
onto a cable that passes near the slotcanresult in
undesired cableradiation as lowas 40MHz. Mostsys­
temstoday haveprimary clock rates in the frequency
rangeofthis radiation. The following section details tech­
niques to minimize these radiation effects bycontrolling
where the eddycurrents flow to minimize their effects.

Attaching the Printed Wiring Board to the Chassis
Figure5 shows howa boardmaybe connected

toa chassisbyground"stitches" to form ground"nulls"
onthe circuit board. Here,stitches canbe described as
conductive connections from the PWB through a support­
ing membersuch as a mechanical stand-off, to the
chassis itselfand backto the PWB again. This configura­
tion is repeated both in and around the periphery ofthe
circuitry to control the eddycurrent flow.

The common-mode voltage acrossthe board
Ecm will drive leadscoming offthe boardon opposite

Figure 5. A board connected to a chassis by ground
"stitches" to form ground "nulls" on the circuit board.
Stitches are conductive connections from the PWB through
a supporting member such as a mechanical stand-off, to the
chassis itself and back to the PWB. This configuration is
repeated both in and around the periphery of the circuitry to
control the eddy current flow.

ends,e.g., a dipole antenna with power and input!output
(I/O) leads. Stitching the boardto the metal chassisin
two places, causesa circulating currentto flow through
the boardchassisand the stitches. This reducesEcm thus
shorting out the dipole antenna formed bythe leads.

The circulating currentcausesa slotantenna to
be formed. Enough stitchesmustbe used to keepthe
sizeofthis slotsmall relative to the wavelength ofthe fre­
quencies generated on the board. High frequency com­
ponentsshould also be grouped togetherwith several
close stitchesenclosing the components. Ateachstitch,
a common-mode "null" is created. Abypass capacitor of
about1000 pF should be connected from vee to ground
on the circuit boardat each stitch.

Figure 6 illustrates a desiredconfiguration fora
boardwherethe RF circuitry canbe contained ina small
area. Here,the stitchessurrounding the RF circuitry
causelocal eddycurrentsto flow in the board, stitches,
and chassisunder the RF circuitry. However, the rest of
the boardis atgroundpotential, and an I/O leadexiting
the right sideofthe boardwill not radiate significantly.

Emission from an Enclosure with Circuit Packs
Adding a shielded cable at the right sideofthe

circuit boardin Figure 7a, with the shield attached to the
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Figure 6. A desired configuration for a board where the RF
circuitry can be contained in a small area. The stitches sur­
rounding the RFcircuitry cause local eddy currents to flow
In the board, stitches, and chassis under the RF circuitry.
The rest of the board is at ground potential, and an I/O lead
exiting the right side of the board will not radiate
significantly.

card-cage frame, causes increased RFcurrents to flow in
the cardcage and increases the voltage dropE3. E3can
be lowered by including a chassisplane between the
backplane's groundand power planes. The chassisplane
should be connected to the chassisframe every couple of
inches. Figure7b shows an end view ofthe backplane.
Signal layersand othergroundlayers would be addedto
the outside the structureshown. Agoodchassisplane
can lower E3to the 10to 20millivolt range.

To reduceE3significantly, typically 20,000 pF
ofcapacitance is neededbetween the chassisplane and
both the power andgroundplanes, fora totalof40,000
pF.Using a 10mil dielectric ofFR4 material, this trans­
lates to a capacitance of90to 100 pF/ squareinch. There­
fore, about200 square inchesofarea is neededplusarea
forvias, holes, and pins.

Etching ofgroundand power planes forbetter
adhesion increases the planarimpedance, in unitsof
ohmsper square,by about10dBoversmoothground
planes. This canleadto increased common-mode noise
voltages in both PWB's or backplanes.

Formal System Design for Planning and Metrics
Formal quality systemsmustbe in place forboth

EMC planning and metric aspectsofproduct realization.
In this context, metric refers to a measurement system
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used to determine compliance with predetermined
requirements or guidelines. Effective EMC planning
before development will ensure that the correctelec­
tromechanical and electromagnetic technologies are
chosento achieve maximum compliance with allapplica­
blemandatory productrequirements. Organizations
such as the AT&T Global Product Compliance Lab, the
Electrostatic Discharge Studies Group ofthe Manufac­
turingSystems Engineering department, andthe Quality
Assurance Centercanbe consulted to helpset up formal
processesforproduct standards compliance planning,
designimplementation, processmetrics to ensure com­
pliance andconformity assessmenttesting.

The importance ofquality measurement and
verification processescannotbe overemphasized. The
only assurance that designs are working toward compli­
anceis to establish a series oftracking metrics that are
specific andcustomized to account forallaspects ofthe
productspecification, design, and test processes related
to EMC. Productrealization quality systems ofthis level
clearly define processownership, responsibility, flow,
and details specific to process implementation. AT&T is
adopting the quality initiatives set forth by the Inter­
national Standards Organization andwill be required to
develop and thoroughly document these types ofquality
processesto meet such mandatory standards as those
ofthe EC.

Conclusions
International businessmarketsare expanding,

andpresenta significant challenge formultinational cor­
porations such as AT&T. Thosewho will thrive will offer
products andservices that consistently comply with
international mandatory standards andexhibit a
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comfortable margin with respectto minimum compliance
levels. Many will be judgednot only on their recordof
compliance to a demanding set ofrequirements, but also
onthe meritsoftheir quality systems addressing all
aspects ofEMC as well. Hence, designing for interna­
tional standards compliance:
- Addresses AT&T's mission to achieve globalization

in productand service markets.
- Enhances functional performance ofboth the prod­

uct realization teamandthe overall quality ofthe
productitself.

- Enables AT&T to achieve newdimensions in custo­
mer satisfaction andquality.

- Results ina significant reduction in development
timeand costwhentakingintoaccount the delay
andeffort associated with redesigning products with
inadequate EMC hardware andelectronics design.

- Eliminates a less effective courseofaction is to meet
EMC requirements on a country-by-eountry basisby
redesigning products afterthe initial designis
complete.

- Requires an integrated approach to the productreali­
zation processby usingquality systemsand metrics
that are recognized internationally. This is especially
true in meeting international RFimmunity standards
morestringentthan those in the United States.

In terms ofcompliance to mandatory standards,
manufacturers having difficulty bringing products to the
international marketplace will be brandedas unreliable

Figure 7. A circuit board with added shielded cable at its
right side (7a) with the shield attached to the carcl-cage
frame. This causes Increased RFcurrents to flow in the card
cage, and increases the voltage drop E3. E3 can be lowered
by including a chassis plane between the backplane's
ground and power planes. The chassis plane should be con­
nected to the chassis frame every couple of inches.
(7b) shows an end view of the backplane.

providers ofproducts andservices. These firms will
quickly find themselves alienated from bothpresentand
future marketopportunities. Theywill effectively push
themselves outofthe market. In addition, manufacturers
that delay inadopting the international standards andthe
quality systems required for successful marketpenetra­
tionwill fall hopelessly behindthe leadersin termsof
marketshare.
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