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Electromagnetic Compatilility or EMC is the alility for the product or el uipment
under test [EUT[Jalle to operate in its intended environment [lith causing undue
interference or [eing unduly affected [y it. The re[irement for nonlinterference has
Ceen knolIn for many years [ut it is only no[] [Jith the introduction of legislation that
[le are seeing a malor grol Ith in demand for testing. The USA [ith its FCC regulations
has for some time tried to control emissions from certain types of e uipment. [apan
has also had a voluntary code [TICCIand Europelafter some delay[ fully introduced
mandatory regulations at the end of [TTT]

The ultimate importance of an EMC testing is to ensure the EUT is not affected
[y the other operating EUT and vice versa. These conditions apply for [ oth conducted
[CE[and radiated emission [REL] Other areas are nol | introducing regulations and it
seems likely that the system [ill spread to encompass the [hole [orld in the future.
Currently[ measurement of an e[ nipment under test [EUT shall cast a doult [Then the
result is close to the specification limits. In the common practicel the MU is taken as
an informational purpose only in the report and not for the EUT status. The
implementation of the measurement uncertainty for the reporting is crucial since the
EUT might fail the EMC test if the passing margin is [elo[ the International Special
Committee on Radio Interference [CISPR[ standards.

In acluiring the MU for the udgement criterial comparison [lith the standards
and inter(laloratory comparison shall take place. These include the standard
classification for the EUT typellexpanded uncertainty estimation to the CISPR
standard [Wcispr[TEMC el nipment factor estimation and proficiency test [ith the other
accredited EMC laloratory using the Z[Score method. The inter(laloratory
comparison used the same cali tated signal source [Thich emits the stalle [toadland

emission. Finallyl the cumulative results are to (¢ taken as a lal oratory expanded
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uncertainty Uiagl] 2uclyll] The thesis focused the application of the expanded
uncertainty deployment for the [ludgement criteria for the finalife EUT status.

The expanded uncertainty for [ oth measurement CE and RE are [1[11]dB and
[12 — [1[T1dB respectively [hich are [lell Celo[] the CISPR standard [1[]— []2 dB. On
the other hand[Jthe inter(laloratory comparison [et[leen t[Jo EMC laloratories[]
EMcenter UTHM and EMC Singapore EPSON Ptd Ltd [SEP[ have sho!n that al out
[T T for the Zlscore analysis [hich met the CISPR reluirement for the Z[score
(ML) Thus[ [oth expanded uncertainty and Zlscore results met the CISPR
re[nirement [thich is reluired for the accreditation of an ISO [TT2[] [Tleneral

renirements for the competence of testing and calil tation lal oratories'.

Finally[the [Tork further presented relating to the actual measurement of a
sampled EUT of [1units of CE and [ units for RE. The measurement of the EUT
comprises the [ /P margin to (e compared [ith the CISPR limits and the Upag. For the
EUT to [e completely pass the EMC test! [ oth condition CISPR limits and Ui ag must
Ce met. A novel method has [een implemented in the emission results to satisfy [oth
conditions [lhich later(to determine the EUT status and summariled in the final
reporting. In CE measurementlalout 2[/[11] of non'¢ompliant EUT have a [ /P margin
Celol] than the Urag [J [I[1T1dB and [TI[T][] of nonl¢ompliant EUT [Thich have a
margin [elol] than the Urag [1[12 [1[I[11dB for RE measurement. Prior to the nel’
method[ ithese EUT have passed the EMC test [y taking only the [P emission
compared to the CISPR limits. Again[ Ty having the novel method/it is clearly verified
the status of the EUT [y taking the [ /P margin compared to the Urag as an additional
verification to the EUT status.

ThusJa good verification prior and after the entire measurements [Jhich
2[involved the: [TT comparison to the CISPR standard[12[inter lal oratory comparison
using the Zlscore method(Jand[][11 ]Jactual measurement to the passed EUT. These
results sholled a good performancel uisefulness and highlight the potential [enefit of

incorporating the measurement uncertainty for EUT [udgement criteria.
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The Electromagnetic Interference [EMI[in electrical and electronics [lithin the
stipulated radio spectrum often exists and not directly visille from the outside of the
e[uipment. It deals [ith the generation[transmission and reception of the unintended
radio signals. This interference phenomenon can [e descriled in a coupling model
Uhich are the sourcel coupling path and victim. In order for the interference to take
place from the sourcel the coupling path can [e radiative or the radiated emission [RE[T]
conductivel capacitive and inductive for conducted emission [CE[[T1.Since it occurs
over a [toad spectral range from very lo[] fre[iencies up to millimeter[ Jave range and
alovel the manufacturer is ol liged to declare the conformity [Jith the achieved goals
of the relnired directivel a harmoniled and compatille level regarding the emissions
and immunity of the e[uipment [2[] The directive has [een recogniled in the US in
[T [y introducing the FCC article [1] sulpart [Jon emission restrictions for
computers [11.The EMC standards clearly specify the limits and [That is to [ € measured
— the “measurand” and to define the method for measuring it. No[Jadaysadvancement
in technology( consumer demand and enforcement rel lirements on an accredited lal’
test has resulted in acluiring ISO [TT2[][Tleneral re[ uirements for the competence of

testing and calilration laloratories[ certification [T

All household products [Thich are meant for the export market are reluired to
pass the CE and RE tests. This is to ensure that such household product or the
el uipment under test [EUT [ can satisfy the local regulatory re[nirement [Jhich is to
Ce used in the designated country. The [asic re[nirement of the test re iiires the voltage

disturance device and a proper impedance [ Jith noise isolation to the EUT as sho! n



in Figure [1[] In this caselthe measuring device is an Electromagnetic Interference
EMIreceiver [Jhich controlled via an EMC soft[lare through a general purpose
interface [oard [[IPIBLJ On the other hand[the limited impedance stalililation
netlJork [LISN[ provides the impedance matching and noise isolation from and to the
EUT. The transient limiter degrade the voltage distur[ance from the EUT at [T1]dB to
protect the EMI receiver [ On the other hand[the RE test is done at higher fre[iency
range than the CE. The LISN is replaced [y the measuring antenna as sho(n in Figure
12 [I1J[1 hile the voltage distur! ance radiates from the EUT [the antenna captures this

disturlance through its antenna elements.

The EMC measurements system deals [lith an advanced hard[Jare [lith an
alundance of technical parameters and multiple connectors [hich may lead to the
measurement imperfection or errors if it is not addressed correctly. It is an unavoidalle
and most likely [Jill [éopardile the final measurement result. Therefore[the result of
the measurement only approximates to the true value of the measurand and is

completely valid once it carries a statement of the uncertainty for that approximation.

PERSONAL

TRANSIENT
COMPUTER LIMITER
N
——————————— >
EMI
icati 1 LISN
GPIB Communication /\/ RECEIVER 4<’7
- .

To EUT

Figure [I[t Test Setup for the conducted emission [CE T
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COMPUTER
Antenna

——————————— >
L EMI
GPIB Communication RECEIVER

-

Figure [12: Test Setup for the radiated emission [RE [T

In generall errors of measurement may have t[lo components[ /I1la random
errors [Type Aland [2[systematic errors [Type BLIIL] The type A evaluation for the
uncertainty is [ased on the statistical or calculation [Thich is normally done under
repetitive measurements. On the other hand[type B evaluations is [ased on scientific
dgement using multiple information such as previous datal loperator experiencel
manufacturer specifications! data from hand[0oks and calil tation certificates (1. The
uncertainties exist from these t{ lo components [[1JFigure [ Isholls the random errors

value around the mean. Random errors arise from random variations.

A series of measurement [ hich is taken under the same condition produces a
scattered value around the mean. It cannot [e eliminated [ut increasing the num/[er of
ol servation and deriving a mean value may reduce the uncertainty due to their effect.
ThenlJin Figure [1[T]systematic errors arise from systematic effect at any given
Cuantity[Jremains unchanged [Then a measurement is repeated under a constant
condition such as the calil tation error. It can [ e reduced [y applying a correction factor

to the data.



Set of 8 measurements under constant conditions

3 6
1 X X ;

measurament bl —

range AN
2 X / 8
A / X

random errors around a mean

Figure [t Random errors [T1.

Set of 8 measurements under constant conditions

12 3 456 7 8
R

i

measuremeant
range

true value

systematic errors produce
offset from true

Figure [I[t Systematic errors [11.

By estallishing the measurement uncertainty (MU /[ udget such as in Talle
[T all eluipment[devicel connectors and calles are classified as an input [uantities
Xi and to [ & evaluated [y a proper method according to the standards or procedure if
availalle and each is expressed as a standard uncertainty[JU(xj). The standard
uncertainty components are comlined to produce an overall value of uncertainty

knol'n as the comlined standard uncertainty!/lUc(y) and the laloratory expanded



uncertainty Uias. The expanded uncertainty is reluired to meet the needs of
international standards to provide a greater level of confidence [y multiplying a

coverage factor of k and shall [& calculated as Uiag = K.Uc (11

Talle [1[i Sample of measurement uncertainty [udget [11.]

(OO OO (0 Uxi O Che COCOOOIE | OO0 O CCOCCTY e
di (] (e (OO

Receiver reading Vy min| Normal N O | arn
Attenuation: LISN[teceiver ac 00 Normal 2 O | O
LISN voltage division factor Famn (12 Normal 2 O | arn
Coml(ined standard Uc(y) Normal 20 | oren
uncertainty
Expanded uncertainty. ULag k=2
Normal k[

(T Che COII (L T

EMC testing 1s a series of various test [hich is inclusive the emission and immunity
test as [lell as radiated and conducted for [oth. Those tests are needed to [e fully
complied and it is a mandatory re[nirement for most of the markets including the
Australial Chinal Europe lapan/ Koreal Nel] Zealand and the U.S. [] ith the vast and
rapid gro(th in the electric and electronics/ it has [een knoln to ('€ one of the main
driven factor for the EMC testing lal oratory to [ e accredited. Accreditation is a formal
recognition for the EMC testing laloratory to [e competent [Jith the implementation
of the [ality system in accordance to the ISOTEC [T12[]

Based on ISOIEC [TT12[i 2[TTT]Clause [l[1[] Note 2 stated that[lupon
accreditation[] participation in the inter(laloratory comparison [ILC[] for the
proficiency testing [PT[is mandatory for CE and RE using samples or items of kno['n
value to determine the MU/ limits of detection and confidence limits. It is crucial to
characteril ¢ all knolIn input [tantities[IXi[ Jland laboratory’s expanded uncertainties

[ULas[ prior to the PT exercise to takes place.

According to the numbers of actual EMC’s sample reports from a several

accredited test houses in Appendices E[ F[ | and H(it is clearly seen that the MU is



used as an informational purpose only [hich is inade uiate to determine the status of
the EUT [hich has the emission level [J Ucispr or close to the emission limits.
Thereforel in this context of research the MU is applied in the final measurement so
that the EUT status could [ € correctly addressed [ Thenever the EUT has exceeded the
Cuasi peak [P Jith the MU limits.

(IO 0 O A

This proléct aims to make the measurement uncertainty usealle to the final
measurement [Jith the approach verified in the EMC Standards. By having a numerous
manual and automated data collectionllit [1ill [e carefully crossi¢hecked for its
integrity according to the standards. By introducing more analytical and various
statistical methods for the data analysis(it [1ill (e alle to minimiling the uncertainty
values. To achieve the aforementioned aim[Jthe follolJing ollectives shall e

implemented:

il] To oltain the input [antity [Xi[ voltage specifically for CE and RE.

11l To ol tain the lal oratory MU [Upag! I lithin the CISPR standard [Wcispr [/ [1[]
dB for CE and [12 dB for RE[]

111 To perform a statistical comparison [et[leen t[Jo EMC test sites for the ILC to
satisfy the Z[score relnirement in accordance to the ISOTEC [T12[standard.

iv[1To evaluate the MU value to the final [ /P measurement [ lith the comparison to

the [P limits.

LI e 0

The scopes of this research study are as follo[Is:

il] Characterilation of the measurement uncertainty input [uantities Xi for CE and
RE in household and information technology el nipment for the EUT through
standard measurement and caliltation certificates.

111 Oltaining the measurement uncertainty [Upaglland to compare [Jith the

standards [Wcispr [for Semi Anechoic Chamler Cased on the CISPR [T1112:
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