I. EMI/EMC?9 A<
II. EMI 7+A%%
I v =9 BEAYE WY

* AR A%
* EAZHRATY A7

94

Auzt L A58e EF& AAnoise 337}
oAl ARl #AZ dFHI Ao AA
A e Faotel#aztA] £ € noise EAE
olAl Held HA¥F fe AZBC o2z 3
o 1 ®AEe ¢4 224 $HE ¥
Aot Azoised] W AAAFE A5 FH
HEAHA AFPRE &A%

L. EMI/EMCS] A9

2Ee dockI 2 2{AALE AL
e AR B Fgol dojvde A&
2 & Aok 2% 2H, AAHAA, 94 Fol
755 e TVY 2ZUHE AAHsE 3
ot Mol Uent BHE odAWNE ALE
A5 Aok oldd EIAF 2o P
AAE FE°] noisedt L stedl, o2 & noisee
474 EMI 2 EMC2 F#3¢9 #edrh EMI
(Electro— magnetic Interference)= 3837 A
Ztgtoll 9% ZHH Ee W2 FogdedH,
7171914 noise7t 2 dA THE 7]7]d S
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mAERE T, 71714 2 noisert
TS AR st ddde WA (radia-

tion noise)@ =A(FZ FLE vifA =2 3o
AxHE A S (conduction noise)Z ¥ 7 A},
EMC(Electro— magnetic Compatibility)= ©oj =3
=72 9] 9 R 74 noiseol tal A 7]17]7} o}
Aol & FAHEN e, F A
TAC dgd £ e ARZEY A"
FHFRE AFeHS vk

[I. EMI A5k

EMI/EMCe] &4
ZE AARZ71719] DAY HE TYE

Aot ofmiro] ¥ Fol FoEYJez A
Aol ged AT EoME HilEEY29)
FE5% A3 ZREV|Ey A wd d

A7 2REH Yot BUAF A 9
4ol & BAZ AAHD ek A% a0l
oA e ARFu gAML BE
AN QAAA e ALE YL Aol
Axetd dem Atk 9ed X&)
AgE e odY EAe
d=ANE FrhFAd g FA AQes
SIS CREHE RIEEREDE ST
EMIZ|& 53¢ Aned ges 2o

ou] AAF

1. Ol=

71714 d@ EMIZI&71&2 FCCrl #
Zsta gtk EMI i@ FCCY FojiFe
A71717] 9 EMI N85, Adggong,
7N&71Ee HY Folv Fagol wAY A
Folv, e dA 23 ULSAF BA
AEE MEFAA AgAn

AEE dolAd ENZ aTsAY A3

95

;8..

e

< Wt ZadA F= LAAMA HAH 2T
a3 EMITFAlOl A5t FHo H oA
gystae] 2ol A& STRIPLINE—TESTS}
A3 TEM CELL TESTE 87332 A<=
ol © =9 ElA(Electronic Industries Associa-
tion)ol A} A<t HWHH(EIA IS—16A)oltl. EIA
£A “DRAFT IMMUNITY GUIDANCE AND
METHOD OF MEASUREMENT ol 29]&}® n|=-
EIA:= TEM CELLE At&3e TV % VCRY
WHALZEA Bl AeH & 1986 4-E Maker7} .t}
AgAon ARAEE g vk 2t v T
dE BuyerE2 Fx=7 IS—16A9] SPEC.%
D2 A g 87T e AHo) THA=
EMI%t F78 2 o] olA= EMS(Electro—
magnetic Susceptibilty)E E A7, § EMC
AdE =93 e AHolth

2. =¢

A& EMI #EYAE FTZ(FIRA7N&3)
A ZdH AF7)IFA A 4BDP)NA &
BAech FAM 2ALFH(S24)7F EMIEAE 2
o glem FA7), 7tA7]7), ISM7)17], BHE
7171 SelAM e FATHE =AF A
A veide ZHRAESE AEHs) 98
vo)Ae el 7tA HHZA - E5E F Ae
AYE FTZe %3 Yt

A= A7)171€A33% VDE: 7] CISPRY
A3 uwgc, CISPR Publ4 2 228
VDEW#+ZA o A8% olFoln 53] 10~150KHz=
wAel 2z AL gFolth. ¥ PC(
279 A% BEAY A gde= PCY 32
A7t 7hEHolof gt o] & 93] 2] H L (Pe-
ripheral)® A&dof dted 974 UYee =
ozt FAWARANA A EF FozE
BE Hopd 774 dd ImmumtyAl & 3
L£8RL HEZFoITh

-
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3. g=

%9 =& BS(British Standard)T2 & =A3dd
EMIsl wisidEe CISPR 734 A agiz
43, 9432 DTI(Department of Trade and
Industry) @74+ 71719 ImmunityS4 2 A
s don Agw¥Hoezye o 3my, TEM
CELLY, 2Efz9H, AFFAWU & AH8stn
At

4 o=

19854 129 YEARRTYATHI, dBARE
ZIAZAE], dEAR JAFTHE, dEFAY
AZHE T 41 GA7E F4ol =Hol FHA
g3 §F AGTARFFARLASVCCDE 4
#HAoh VCCIY AFFARAE dBU &3
He IMEGER AAFA 2 AAARE717])00
s Qo] ALHoz WEHE FA}=ES
3t Utk B ITEw AEFAGAA AHSH =
A1 FEUNY T 2 AHT A YA
AHEHE A2E7712 Jvddh A ue] 734
e aAIF7Ne 541717174
Qo2 NE 30mold HolA AHgHE RS
A2 HA FAAZ pA2F77)e Hde
ZHE 10mold HolA AHese B4E AA=
A At

AFTFA 9 FATHA CISPR
Pub22¢] "HR7)1&Z2S FHEH FHEA]" &
ZAW & ol &3t ok 2 FHALo] Egsite),
FHY, FA7171 § AP aFHEe AR
540 B&aA B UA olyste AW
AFEE FRERA AT F e AEE dA
Edvhe BA Aol oqH3d dol rh

g we

NENES

SlAel ) Ars kst o] Tul ANAFAA &
EMIZAE A48 134389 BYZ Fol

96

TAE 2 dem, HZd EolHE EMIT
FrHe"d AdAM 2yse EMIY EMSE
EFAAE, & EMCAEE =943%t2 e 4
ol

et fEuUstE FA71719 FEoid A
B3 Ade diujg £ gle EMIZIE7]E]
A AAsol & Holnh. FREMe R
Aol di@d JAAATHY AALE A4
noised]] W& FAE AF3| zeisfor & Aol

L wl=re) £FAE W

EMI¢S &3] da] ol A7oA =AM
UFFCCY #E APPYEL LNstdE dgd
2ot v59 FCCE AHEE CFR479 Part
15~Subpart JolA] Computing deviceo] t}3t
71718 AASHL Atk 971A Computing
deviceg}§H&  10,000Hzo] 42
AF&38tAY, 10,000 pulse/second ©]43e] pulse
A5E AHgste dA71718 dAEVIES 9]
£33t AAV7IE T EE A7lde d
AE71&E o)&sle HAslad U719} data pro-
cessing’]’5& {18 nFFHAUAE ALLstE
AR717) R57F LA FEH 49 LS v
B} 2ol AFAAY B AFAYAA A HE
Class A Computing device$} FAAGA A}
£5+= Class B Computing devicel 2
Agstn Ark

timing signal&

h=IR=
RUs

1. Class A computing device

i) Radiation limit

Frequency Distance Field strength
(MHz) (m) (uV/m)
30 — 88 30 30

88 — 216 30 50

216 —1000 30 70




it) Conduction limit

Frequency (MHz)| Maximum RF line voltage(uV)

045 — 16
16 — 30

1000
3000

2. Class B computing device

i) Radiation limit

Frequency Distance Field strength
(MHz) (m) (uV/m)
30 — 88 3 100

88 — 216 3 150

216—1000 3 200

ii) Conduction limit

Frequen (MHz)
045 — 30

Maximum RF line voltage(u

250

A5 &AW P FCC Measurement Pro-
cedure MP—4 “FCC Measurement of Radio
Noise Emission from Computing Devices” o] A
Z1edl3 Qe olg Uig Agrd g&3
2t

i

AL FCCAANE &AZAZE AnyAle
FdFol e HHF AP open fieldE VI
33 Qed, BeF A¥4d, 33, T 5 S
FAZLZ 4R E AT I FHZLAAN
dolA A A7} open field sitedlA] Lol
3409 A4S UFSY & Qdojop A}
FCC7} sampleZv]ell W3 test® Y% open
field sitedld Aold data® 7k 71719
A8 2 AA3E=r Open field siteE A
Agted #F FAE FHAHES FCC Bulletin
OST—55 “Characteristics of Open Field Test
Site”el 1€ Atk $-FutME KIMM,
A Az}, A AA7E FCCoF %3 open field
site® 7FAZ 9t} Shielded enclosureol A 2}

W& & EUT(equipment under test)e] WA}

97

ForE AZAcdw gEeich dusid 9
45712 A% PAY Frtel fdwHoz
g WAl RAE dose dAR WA}
w o] ool dojR WAL E-E open field
sitedl X @l ARG FAELE AF3EHIL
g7l "ol 2 WAFHSE Zed
RolA FANAGE R AdtY  WALFT47L
A&HA ¥ AvE doenz {f9dol
a2y shielded enclosuredl A 9] ACHAAM A
Snoise &4 ettt AU A 7t open
field sited]l A" 4 & ASAE AHLF
20X 9 &FHo] &HELH) o AS, FAHUAY
Ao AAZAE 2TV EUTE 59 &
AAde AAZLNAMT BF dataZ =
AR sQdh

ZX7|7| : WAnoisest ACAAA A Enoise?)
Z7)& ANSI C63.2 “American National Standard
Specifications for Electromagnetic Interference
and Field Strength Instrumentation 10KHz to
10GHz™ 9] 71&d %e £HFA
meterg Ab-E-3tejob 39, o dF HAS FAF
B¢ oA RE Fogo WASH A
A= FrI7 Addd FEE A= #
X 7¥A £ accessary*E FH|EThE
Z7A3ol spectrum analyser7t A8 & Ut

E FA7E AMEEtoor & A, 29 Aol
dataZ} ANSI C632¢] 7]&el FHFA
ZR71E AHE3t dol datadt TEEE ¢
% & glojor gtk AFFANscan)7|H = 3
Seed HdFASEEe S Fu 9 SHAILT
%2 radio noise® WHE-Eo| o] AJFEct
FCCel A Computing device?} QZ71&d e
Ag AAgdde EFFAEHIE AHS T

radio noise

2(_11
ke
[o[;

1e&

T
o=

*Accessary’e 3430l e} gepAn, PEGHS
g9 ANZE), HRHuEE g DS 24
283 2454 A&z 5o Atk



OE|L}: FCColX & Computing device = 5-E]
o PAE S FAFsted dold FRwag
tol EdHyE Axndde gloen, & linea-
rly—polarized <¢tHU= &34 At Fzxdg
O EGHUYE s FAHAF ARG FIFS
dFE F Z8o A AHR-E 3 83n
Atk AHE-ElE gEHYE 30~1000MHz 534
Hele] U #¥Uy ZRE ZJYS
Aojof gk 3m AR P HE EUTE
¢Hlvel EUTAMol9] A& 3mE dta &3
stojop gt FAtEvGet EUTAOlS] $2%A
g Zuo e AR zZRE GHY
7tA2 AZ2Z Atk Class A9} Class B
Computing device®] *WAlnoise &34 3m~30
mAtol 9] oo AgldAME Ao HEHEd
o= R/AS 20dB/decadeE AlZ3td BHA}
g Folol gt HUANIZEE A7l 93y
GH U EFolg WA Hart JdEd 10m
Aol ZAdMe <gEHUEIE 1~4m
Alolo A WMBAI7 3L, 30m A FAHANE 2-6
m 23 10m~30m A& ZAHANME Im
ol8} EolE ZAJth

Foisel Wel: FAlnoise FHAM FAF
B 30MHzolA 1,000MHz ¥H$lolod, ACA
a4 QoA FAFIFE 450

KHzdl A 30MHz *H$)olt}.

Q) =
|

A Enoise

EUTZ|

= [}
zge

T4 : A€ 9
57 23& wEdol @4 D)
Al2g e dvtdoz AgHE FHE 74
ojof ki, DA2FHL MAE HUYZ e A
oA ZFsojok gk T3} EUTE AFAE]
a7 Argzde wet FAHojok g}, ek

multi—component

EUT7F Aol TF3t= AZtd FAglel
Z7g#F B}
SHEF 1 ANPUBRuE FHANA gde

98

Beielx EZZFz A= @ AL Znoise
guol A XKt 6dBold Relop k. wof

F99 AAY A7 2 HYAM AEnose
o] FASHEUAY SHAFIHFAA Y

238 HEFHA 2T A 93 2 dg
B0l AH8E = Atk DFY 7H7HE A A
Z74%tn £3EAHE dARALS dataz FA
ot 2ol 9 A4
Au 2R LTAHE nose levelol Fgd ¢
AFss dge] digt FA3E gt HFukA}
A &HHE gt HYACH LD HA=noise &
AL 93 power source$} LISN(line impedence
stabilization network)A}o}o]l A 33t line filterE
719 Yeth HolddAM F&AsHE ETU WA
noise & Al 1.0X15maA7|e H|AEA Hol&
fs EUTE 2Rk olf HolES
HAEA B2 450 d44 0] A 99
et dde Eole ground plane2ZF-F
0.5m ©] & Eololoof 3tr, Hlo] &9 AFEole
e 1molojot 3t} WAlnoise &3 Al ground

plane®. 2% ground screend AL Yt

WESAANE #

¥3

ACHRM HNMTnoise ™ : 482 ACHA
Ao A" EUTe AYdgEdxziyg Ax

e A-—#HAZ radio noisedLE ZFTrh
=g EUT’I % RF impedance® LISNE
3 480 AgAe 428 FY FH A
el EUT7F 482l ACAYLAY dZ4d o&
B g Bt A& FFEe Aol &L
EUTY A9E FFsx Je TS 2 7t
FCCe AZA F4o &FTAE FH34 Ao
W EUTZF W wtdgl2 $&=e ZHoletd
ACHYAM HAxnoise FHL &T7HA Ferh

LISN: ACAYAN HEnoiseZAo AlLHE
LISNS (2819 d¥AAEARE 7HAok §r)
(2P 045~30MHz FAFHEYAA FHY
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Fusolo} @k,

2
LISNZ EUTe|l A#E e =Ad Fd=

power socketol} olfEl= 7l5 @ ¥ FAASY
LISN9] load@Atel & dudrg dA45eE
dtajol 3km, A7lolu o9 HAGA}

LISN #ao] @& impedance® ZEE H&H

AT
AdA = ojoF gt EUTS] power corde] 4245+ ojo} g},
REEA] (i [ ] I
e st e |
i ENN I It
i T
il e ~ il
= i'l - yi -
50 ; - - 1 '
s i ":i i uagiiil | |!|-__
-1 e AR i |
g “4 (il
2 i T L Design tolerance +20%
. st
| =] 1 -
’l::tL wanttiIs :
i i
nakh RUN N
o P ﬂﬁf T i
i -
il % |
u .
e
20 e u -
045 10 20 30 6 10 30
FREQUENCY in MHz
{22!1) Impedance vs Frequency Characteristic of desired Line Impedance
Stabilization Network in the frequency range 0.45 to 30 MHz
Line probe: LISNE dX37] Brls3 # AA& EUTS 1 38730 dsiAe g3
2oXe (2¥3DF 2L line probed °] &% Ao ZPFE JAH3

noised ¢t FAHol AHEESF ok o FA
WA= reference groundd Aol Fejs]of
319, line probe<}e] AZAE 918 LISNS AMS-&
g8+ ). LISNS AHg-3lR] gormzg sy
F A99 dHdzst FZAT 2 A odat
etz 33X WHstE Pelry] 9
EZAE sotdth o A Wy =

g 2

929

ACHEM MZnose ZHHZEXCl MA|: ¥
ol Ef oA AEHAY Ful 4 EUTE 25X30
m FAZEY  =7]9 earth—ground® AEA
AREALZHE 08m Foldl HAEP 10X15m
2719 HA=A Hol B 1 23t} oy
Hol &3 & earth—groundB#9 Age
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Caution  Circunt construction 18 critical

1

L1

1
|
1
T
|

To test sample ) Y0P — To power source

T ri C1 ::L- cz

l 01 uF 10uF
to 50 ohm
Termination
or Radio
Noise Meter R1

’ 1000 ohms I

| S

;L‘__‘I

Example of a circuit of a LISN
capable of meeting the impedance
charactenistics in figure 1 over the
frequency range 045 to 30

MHz
‘—L. C
X>1500
(1500—R)ohms

g2

Supply Mains

—

Radio

Noise
Meter

®

XL>R

S S S

{&!3) Line probe for tests at user's instal-
lation

(2o 5718 A olgolofof gt Ground
planeZ 03cmF712] IF dEY floor tiled}
Ze HAAEAE Holok g} viFulge Fu
ALg-5= FHl e HolEfle] vtz FAEA N
ZA g} EUTS digk LISN&
%3e] FFHolok @ LISNel oidt dde
FAFxE FeHeRAS WA} A FE

B A B ¥ (noise filter)& oot 3}, ol YE| &=

3 Age

100

AA Rl 27 dAste HAE dokdch EUTS
23g 9% EUTY #WAAE LISNIA 3
Ade] 5E F44 49 TAEPAE Faho)

Aglo] 2FHW o WYL LISNol FFHE
A% 2ol o3y ol LISNH ZAEF

AQAZole (2L FAHAE AA
EZ AsE Zlolojop ¥yt RE F
WA o] i ACHYRZEE LISNAE S35
F=F sof an, AAA ol Fol WEnoiseE
AW s wigolojop Fct

=

Z£X : WFAlnoise EF A& <HH)
vy gz ZFFJu R 71gd #3443
¥ <telvet A AU E AHE-S o} 8o EUTS
& cable2 HEH WAIHE EE noiseE: F
Aot gk, ¥ SA o EojzirAd WAt o]
U EUTY +A3 EUTY 2HEY A3 E
A golnr) e FAALRG e
AA du&AE F=RES HAAdE dolth
o] dH&H o= spectrum analyzer$} Foig
AGetE AS@c a2y AFRsEE 3
913 radio noise meterg& Al 8= FAFZSE
ANstAY, EUTHE Y FAPAFHRFE 3
Adte Aoy FA7E AHET
28k gl EUTE Egste A2"9 Hd
WAL S Feue EUTE 3 AA AT st
gkeF EUTE 3 AAZSF gle AFoletd g
N2EE FHoz FAPUE 20 THo=
3| AAIFIAA EAstodob ot EUTE 3AA|
Fled o] Haldw FAP L 95t A A
Aol &g Axstn vk wek EUTE 3
ANAF ge 4%, F 330 E JAAAF
3te AelA open fieldEBE S ¥oH FCC
Bulletin OST—55¢ #8¥ 3#AClearance* T+

dtAlnoise

=
=1

*ClearanceX| §olg} ¢S UYE B F&932 e

W g0l gle AYE e

A5t
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Wall of room or shielded enclosure -O

[4
I 77T Floor of shielded Filter
l enclosure, or groundod
l metal sheet 25 X 3.0m.

4

Shielded power cable, 3.0m.
conductor length.

~

Leads 1n junction box from

I

i

i

|

|

|

|

Monitor powered from |
LISN to power input cable '
|

l

|

|

|

l

|

|

|

outlet on computer, if
provided also from floor
outlet.

junction, 10cm. length.

2.0 m.
ed power cable, 60 cm.
6 1 . I Shleld

LISN & junction boxes to be
bonded to metal floor or

conductor length
ground plane. 7

4 ganged grounding

wooden strip with 2 cm. d. \ outlets in metal box
high, 6 cm. o. c. LISN figure-B style on
prongs.
=><0](00
‘lL/O/O

[ 0 S|
_

f
indi pLp2, plp2 ———l—_l.Orp
| g:m.dlilt. - m““itof)’_ Mlonz" T (Nomtor) - min.dist.
v etc. P g;c' T etc. | to wall
¥ o ]

|

! I
-( Keyboard ) }
|

|
|
|
|
|
|
|
l
' vertical prongs, 9 cm. coil EUT power cord
|
I
|
|
I
|
I
I
I

[]
Non-conducting table, top 1X 15 m.

20m.
min.dist.
to wall

b

{a2l4) Configuration of Personal Computer System for AC Powerline Conducted
Measurements(Top view showing AC Power Cords only)

e A88A etk 2 FPAAGFEUT A $ Q& Aol oEPeln Loy

Aol Ael 3ujE WAgo=dy EUT & 3 Hd Aoz EUTE Axstn dwutzql
Adez e YdIAYS HA ClearanceA Y A9 o] =AUt WAlnoiseZ2 P L WA}
L8 Aogtt. o] #HH C(ClearanceXg& A noised] HWAE U719 EUTE IJAAL

101
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ok 3tv, w73 %u}T %Hoﬂﬂ m),,]
A $£3E 2FoA S ord. EUTY
S3E AHF2AAM ok & A4, oy
Z Ade EUTS 1 AHE@7e distodwt

2.2 o7|H, ghef Z3o] 374 o]
HEAA GAoNM FHHJAG 1 dte RE
Faol FEF Aoz W dwHoz =3
Ade HAUWBAPIZeZREH 30mE e
DY FFANE mB FAESF AL doe
#FE AN FA3A o] ZHXNE mAY R
gastd "o

Data Recording Format : “Alnoise &3 A&
FCC rules] #3E AN V/mBz 7
Exjolotat, T E Wz 49 AF:
gATE AHES VmBdE nXn A4S
HEAZA 3 HAATE ZHA BTN 7]9) 8ok
gt ACHEA HEnoise SFAE V B9 =2
7153t 8w, AFA9 10dB HAW] =E

WAL M Enoise EHAE SAEIAC 7]&

(BN

102

shojof geh A3 She) M mE 9he] 743
AASG B4 H(tablFez e
FHE el FPPEe ol gt
e ASAE F3PEs 19 gyl
grlstolo} @eh &, S4AH, SR,
“Sede, A7, EUTS Mg ol &ﬂ

L -}
2L

o

N o

Aol x| T@slolol @}

(1]

2]

[3]
(4]

i

Fo
ret

Code of Federal Regulations, 1985. CFR47
—Part 15

“FCC Procedure for Measuring RF Emission
from Computing Devices”, FCC/OET MP—4.
1987

EMC Technology, January—February, 1988
J. Mahler. “TUV’s RFI Certification and
Legal Background in Germany”, October,
1988





