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ABSTRACT

This thesis proposes a development of V-network line impedance stabilization network for
conducted electromagnetic interferences diagnostic which modified from the line impedance
stabilization network and noise separator. Therefore, this network can investigate the conductor noise
components which are composed of the differential mode and the common mode. Moreover, it can test
the equipment under-test (EUT) to comply with the related EMC standards. The advantage of the
proposed network is to measure the total noise from the line and neutral, the differential mode and
common mode noise simultaneously using four output ports. From those reasons, the network is very
useful for university EMC laboratory and precompliance laboratory due to these performances and the
lower cost. To prove the proposed network, this thesis describes how to analyze and design the network

by mathematic, simulation and confirmed with the experiment.
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Emission H11083 sEAvveImsukdyusunavmiman lihieenuinglnsal
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anudnldmanimanvvh (emo)

Msunsnszwanuniman ivvh anueau lmnemnuiman v
(Electromagnetic Emission: EME) (Electromagnetic Susceptibility: EMS)
\ \ ' 3
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o v - R _
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' o i
(Conducted high frequency phenomena) uazﬂsmgmsafmsmmuuuman'lvlﬁmnmmﬁﬁ

ﬂ’Jma’q~1 (Radiated high frequency phenomena) [3]
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- FYYIUUTIFUUYYANY (Signalling voltages) HAINMIAIIUTOYAA1S)
ﬁ'aﬁmuﬂ'li"lummgm EN 50065-1 (Mains signalling equipment: specification for
A o o !
communication and interference limits and measurements) mmﬂuﬂ'l%’ﬁmsnmsmu
daynunsadu lug a1 3 kHz §9 148.5 kHz
- m3asun/asvessEAVNTIANIAZAIND  (Power system voltage and
- [ 1 4 a4 a -3 u’: ' uyo
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Interharmonics (unrelated to 50 Hz) ]
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& a 4 & L ) -
M33uNIUANNIgITIIsaiatu 1A uuun122990 (transient) N30

A 3 a 4 Y 4 4 <t Je Y a ﬂ o
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AINT N3051a0) HAANTNINATUADNITOITA FUNAVINYIILOZNIMNOUTUVD 1TI5 A
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local switching s ‘ l
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Radio L
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noise

sources E
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L garth R
J4 5

s 25 Usingnssimsuddyanasunaumiman Idfhmamednhinnudgs

2.24 Usingmsaimssunauuimidn Tiihmsemaiianudgs

(=3 ar 1 e d.’
inavinilevoaeg et
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- MITTUNIUNUANNOINIAULURBIUOY  (Continuous radiated interference)
& U 9 & s A o a  ow d'n & & 1
waenneglnamiesdiinguazinestuiindygiununingdoug Favzdna

' 4 ¥ w J Tar & o o I o0 =& @
nsznudeniodlio nazgUnssinananiuiegiuduiuaudveuvasiniiadaya o

o 4 ' a ' a ' o =&

Tagsuuneenilu M3sunUEiBIINTLINUEMAN (MBYRUALTYDILMAIR IR
° A " a a o 1 o =
a1 mssunautoannmun i (@dufvaudveaumassuiiags) nazmssunau
A - ' a a o, - & oard
oA an Wil (A1 free space auwunw) A0ININUIMIMNATU AT

] " JI '
5202104 (near field) MiNIATOdaFy I vaizfins@iiauRadufiauszoe na dfar
field)
- MITUNIUNMHNNOINAFIVUE (Transient radiated field interference) \NARIN

M8z 9NN aINFIR 18959 (high power switching) Tuamiidesionioundasie
& 2 ¥ e & °
M Iihdug Faliviatesninna luaedni
L) é \ o
- Wihadad (Elecirostatic discharge)  Whumamsalimmizdaoniies Sadh

1 o L 4 A ~ ¥ i\ r Q‘ i ar I w
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fouyuiiiues waves Ithadadedusnien e
aulrlihaafinnudiusfuSnaveszy uazideiantsdhommuoinmes
datlunszuadvuzdazduiuifumnuimanuazau it Tasdnaudana
maqmﬁmmuﬁtﬁﬁ‘fuinnmsﬁiwmﬂizqﬂzﬁﬁ'lqemﬂ Hyenamanaeg luga
Wit TS ufusnszuafifindu (di/dr 219904 10° w50 10" Ass (nonin)ido

= 1 a L ' a
W) nazenuvesdszyeniimgaa 1 kv/mms (A TaTaddowasaour Tuduii)

[Y o ' o — o
AuEraInIMIINYelngmsaimssunIuuiman Ihmeenmananuiga
Tugii 26

Near electric and magnetic fields

} RF radiated
emissions
- . —_—,
e
c dischargi///

Wi 2.6 Uningmsaimsurdygesunumimin lWihmeeinmaiauigs

Far-field electromagnetic waves

UsingmsainanndiiuldmanimanIiihindnindsdu aunsoagiiiy

mandsingmsaimssunumaiman i 188 aasnei 2.1

M 21 Usingmsaimssunaumauiinin i

aseunguNAsg MBI IdMaimaniih

d
Unngmasimssunaumamimanvivh o .
MSUHTUIUTUNIU ﬂ?]ﬂ“uﬂ]“‘ﬂﬂq‘]ﬂfm

(Emissions) (Immunity)

Ynngmisaimsuidynasunausimdn tlihmsmedmhiinnuds < 9 ki

7 v, o a g o P 4 4 '
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m31eN 2.1 (A1) Usingmsaimssunaumaiman Teih
: ’ - p 4 4 4 < 4 4
Voltage fluctuations, dips and interruptions INUNINTULTBS IWUUINVULTDE
Voltage unbalance hinsounqu linseunqu
msnlasunasvesszAuus sinazaIND linseunqu linsounqy
mamiloniiifaussdunda hinseunqu AsounRquiiey
DC in AC networks linseunqu Tinseungu
Usingmsaimasunausimanihmseimainnude (< 9 kby
v o ¥ £
AULNEN ATOUAQINIDY ASDUAGUUBY
auInlih hinseunqu linsounqu
Usingmsaimsusdyenasunausimanihmseednhinnunga > 9 ki)
- o a A o . A 61% ' - 4 d
mamisnhlinanauus sdunsenszuauvudeiie UIPUNTHAW PAUUINYUIS BT
- 3 - 7 ] g ¥ '
MINAAAULS IAUNTBNTZUATIAG 12 linseun qu ilduninaw
UningmsaimssunavusimdnTimemadinowigs > 9 kHy
] o Y ]
A an AsBLAGUIIBY linsounqu
o vidh hinsevnqy linseunqu
MITUNIUAUAN B IMIALLDABITIBY ildunivaw ildunivaw
MITUNIUTMHN O INATIV MY hinseungy linsounqu
Wihadiad Tivsing (v/a) 1%unsnaw

wnoimg Yoyalumsn hisaunssununuy hiseiies (discontinuous disturbance) Himua 1 Tunasgiu EN 55014

Taona lumssunaumaniman Iihannseniwen ldnarogiuuuamin

¥
o o

anwddaansluzilf 2.7 mssunaumanimin IWfhinndlugi o Hz Salszue 2 kiz
wwinogludmmssunaumaniman Ifhanudds dmiuanudludm 125 kiz - 150 kiz
Tuilsyiudabidainduilymiiszdoaud lvd03mansniadiuandrduldni
wiman T 611 150 kiz - 30 MHz Hudmanuidmumssunaumsmod i uasAaud

4 '
30 MHz 'uu'lﬂwﬁq 1 GHz nflummnnizﬂwmammﬁ
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| : myunmwmemeenh |
P ML gLy 1T : I (rnuiting) I mausinazsnomeama
(Acoustic noise) | |  (Conducted radio | (Radiated disturbance)
£ | : frequency gisturbance) | "
’ \| r W \
16 Hz 50 Hz 1250 Hz 2kHz  20MHz 150 kHz 30 MHz 300 MHz
> ¥ - .
W77/
A J
i K | SYPIWIUNIUTIN | SYgIMIUNIUIN
dmdovvasmfueiing  afuefing I inmdsirodadi | - smiting
(Subharmonics) (Harmonics) ! - funofined ! - iwdadeulwin

27 dwanudvesmssunumanimaniih
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3.1.2 floaru wiehidadygnusuniunngdnsaimoldnmsnagoy Eur) Tildly
sumunmasnonsaau 1wih

313 dshudwausuniumiman ihengdnsainioldnismaaen Eun Wds

1nFosiioda (EMI Receiver b1 Spectrum Analyzer)

: AAA]
Line Impedance {‘\{'!f‘uvf'\ﬁ\ Equipment {
AC Source @——» Stabilization Network »  Under Test
(LISN) () (EUT)

o
N
o 1> Bl = T e e o i 4
o Spectrum Analyzer

¥

a ar " ar a1 a o o
Hu'l‘ﬂ'l’iﬁﬂ"llﬁlﬂjﬂiﬁ‘lﬂﬁiﬂ‘y NADUINTIWDUNLA LY
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¥ ¥
Aniulslinnudigdslumsnsudiaveslnsetionuusiieg Ailumasgu

CISRP 16-1 tioiiudss Tenilunisinu sonuuy uaztih W ldnuiimusansutiunnus

V& v 1 v = - eq ¢
3.2 AU uYealnsINeSnY A By MIWINTNALD
aait laniuideduilassoinuuados nmdufuaudilugins aifigndmuald
ar ] d ™ 4
¥ Taonasgudmanudidu ldmaniman lWfwiaTan el lunsnageunisuns
o ' -] @ o = e = o iq ¥
dygnasuniuiman imeaud i (Conducted EMI emissions) Tauiidnguszaan s
1 Qs ' 4 &~ o :‘ A
nATeUMIAIVOITY R IUITUNIUIANNEIFEND uara w09 14 Feamanasgiu
CISPR 16-1 [2] 1@ 1Wiiewa «ilugunsaindesaiunse Idasuiuausaiudons 185
cl’q o r g L a é
AIWDING (radio frequency: RF) 8 Amavesyadondenugunsainaaey (EUT) ousn
o o s - " - r U d‘
wesihmsnaaavesnvIndyg v sunIui ludeanisaauioinumnasore IWih uasziie
4 o a Tl . ™ 9 a ¥ & A Y o
wou lvauseauvosdyrusunan ldunsoeiioia’ ufasawds §af LISN w50 AMN do9il
o o - W Y4 a o 4 =& 4 S e Vv
Ausuduusn Ao Aoaldimduiuaudinmzamilmaoadiuauann e unasdeen
dyanaiudandasunnundssie i 1dunne (FyanundanilasyTaoia livziineti
; n:i ey £ [ d' = = Q‘f' w 9 o s o
dmgaliiniu 10 dB meldmsdanasimniesiioda) Sanadedoatlosfuus sdudaygyin
i ' ' L 4 ar J -4 o ' dyﬂ o s o '
wlandasuninunasseriulilduniosiiodn 49 LisN aasiidemmuamariidmsuaniue
avArvoanasne i  aoluszum single-phase oz 4 01014520 three-phase) 1Ay LISN

GEEVRP] ﬂl!ﬁx‘lﬂﬂﬂlﬂuﬁﬂﬂfﬁﬂﬂﬁ'ﬂ ﬁi) UYY V-network LIS (111 Delta (A)-network
3.2.1 Ipsanesnyuafesmweunuau Uy V-network

- ==ty = a a ol A W
LISN 1111 V-network Ain Ta3o3nynanosnmmduiuaudnisoy Toansaiu
[ o« N a Y J d't o [ "
smvosdyanusunaunsdmlad wieiasea AuladunilamoninisSaddyaa
FUNIU
LISN 111U V-network 1U1IATFIU CISPR  16-1 u1300n1ilu 4 ¥1ia a1y
09AYsznouiiin1o112993 19U LU 50 /50 pH, LUY 50 /50 WH + 5 Q, WU 50 QU5 pH+1Q

4 ' 1 J o o Y
LAY HUY 150 Q FuARZUUINYARULANA19AY Al

1. LISN #U1 50 ©/50 pH + 5 @ #9317 3.2 uane299simunzay uagsionismm
vosearszneuden Tau L, €, R, R, 1Az Rs Hudadmuamduiiuaud g L,
G, uaz R, Mmhuendgygraulantasunnumasiie Wi vazmsulfounia

a oA o (L o L a;u d'l o Y
duiuaugvosunasno Iidh uaz ¢, MmhidanmsiFouToaveinisdaenus sy

unii 3 Insaveinuuadosnmduiuauduaznguiineades
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td
voumaswIvih TavInssadriicwseld1dfunszuegais 100 A Tao LISN ¥iia

v v .
Hensaeenuun i 199 148 A 1uA 18 9 kHz - 30 MH2

Component Value
Ry 5Q
R2 100
Ry 1000 Q
Ry 500

Measuring Rs ' 500 ! ‘
receiver (Input impedance of the measuring receiver)

C 8 uF
Cz 4 }.IF
G 0.25 pF
L 50 pH
1.1 250 ],IH

JUN32 LISN 11UV 50 /50 yH + 5 ©

2. LISN B0 50 ©/50 pH #4319 3.3 1aaas Miming oy uazsomsnves
o ¥ 4 @ o " e A L4
p9M1)3znoun1e Taoeanilsensy L, C,, Ry, R, 18 R, 1udafimuan1sufuauds
né " =] @ o ] ] Vv dy ey ¥ o [ <2 o ¥
¥a9y limilounudednoumihiims e T dufinon Taaeensiniu sami 182993
- O 1l ook ¢ ~ ¥ a aa o
fimuso IimsuRiuaugas smuiszy 14 edralsinm luans it dyyimusunau
<o 3 o " W - or o 9 n’
mnniuiudosiinmsaesanseuieans zavvodmulaniaoy Taolassadiei

ganminadn i lgnunszualdgats 100 A naz1$ng1unud 150 kHz - 30 MHz

L & Component Value
R X B4 Ry 1,000 Q
==Cy R; 50Q
o R; R; 0Q
o ot 3 Measuring 500
QYEL  Xh ad 3 Bs ol i i
ke 4 receiver (Input impedance of the measuring receiver)
. R5 00
Cy 1 pF
Ly S0 uH

JUN 3.3 LISN 1w 50 Q/50 pH

3. LISN MUV 50 ©/5 pH + 1 @ 23310 3.4 uagaasesimuzandms o
:" » " A Ll
AN 150 kHz - 30 MHz 1A2310M3A198999AYU52n0UA199 Faeusnsionizua'ls
= " - = q’u ¥q ¥ Vet “
qaDe400 A uAITIqud LIsN silafidemunsooenuuu1ilFan @i
v ¥
150 kHz — 100 MHz lagHnanszuagagane 500 A Tavaz livenan 13 luiiidiessn

- a = Vv
s oy uRmaAN 1800 [2)

- H @ = | o ad b
unn 3 Tﬂi~1'U"IU'5f’I'H’]lﬁﬂ!Jin1ﬂE]lJWllﬂN‘liuﬂZ'l’lf]}J[]TllﬂU')'llﬂwl
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Component Value

R, 1,000 Q
R; 50Q
Measuring R 0Q
receiver R ] 00

(Input impedance of the measuring receiver)
Rs 1Q
C, 2 pF (minimuim)

L| 5 ;IH

N34 LISNuDU S0 /5 pH+ 10

4. LISN 1w 150 2 /13317 3.5 naasnesimanzandmiu uazsionmsaives

Al k=) Y J drl o y
pantlsznoua1ag Tao LIsN - wiiatignosntuuiuiied U 1Fnumedwdems

Tnsauurny
Component Value
R, . 1,000 Q2
R; 150 Q
Measuring R 1002
receiver R, 500
(Input impedance of the measuring receiver)
Rs 00
C| _[ }.IF
C, 0.} pF
L Suitable to achieve specified impedance

N 35 LISN DY 1500

@ = ¢
3.2.2 Insawsnyuanes MINeuNIAUTIVY A-network

LISN U A-network AiD 1AT9N05NHUADEIMWBLRIANS N a1 s on 1o

ar

ussnudnyn o Tnuanadn nazdyyia reeasasmiondu 18 ieninsdadyaiudingnn

o o

[ ] '

Tldaunsesiiodanelsl Tavsnsgiu cispr 161 1&5M30n#20613 LISN 101 A-network 13
= 1 - o @ P &
HOIABTIAAYY AD 11U 150 Q A-network (FMFVEIIUALE 150 kHz - 100 MHZ) Fuilu LISN
L A gy YA
ngneenuuuie lFnumedmdoms Insaunay
¥
. | v a o o t e ) ]
LISN ¥iiatidoslimvinavosduiiuaudini 150 @ +20Q naziiduanlali
» ¥
= (Y " ' as [ " ¢ w
1NN 20° NIA03A U A0 A1UYAARDBIENI1ITIV0L EUT Aduiuies vy laridy
= & 4 : LI o = ' o o 4
asealuszvuniiana) uaz sTn11999903 EUT Aeduns1aensss s laviunsag
o a or o & o - a P "o - ar
M391IA50aNUNINA Tuszuunian ) A1ees Nuaasnegii 3.6 nazmare iz ay #a

waadlumsian 3.1

un 3 Tasaswsinyuatiosnmduiuauduaznguiinnoives



Additional
filter sections

|
|
|
: if required

O — — — —

A 1 dmfumsinesdilszney Inuanasi

Measuring
apparatus

Fumai 2 dmsumsinesddszneuTvuanas

51N 3.6  LISN 111 A-network

MIaN 3.1 A109A15ENDUAIIUBI AMN 150 © Delta-network
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Component Value
R, R, 118.7(120)
Ry, Ry 152.9(150) Q
R, 390.7 (390)
Ry R, 275.7(270) Q
R, R, 22.8(22)Q
R, R, 107.8 (110) Q
R, 50 Q
€,.C, 0.1 uF
L,C Foufumfimmzaniiaansalimsuiuaudauiideans|a
wanomg 1: sasdnvesimausevvesnsionasaugad-liaugad (valanced to unbalanced
transformer) fimualditlu 1:2.5 nuuiigumesuny
NIUING 2: dnnudunuduaasladliiniudilndidesiigaiiinaue (s
mmﬂmmﬂﬁﬂu +5% )

uni 3 Tassiosnuuadosnmdufiuauduaznguiiineides
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H \ J =Y L 4 -l='i J o
1N3UN 3.6 1aza15199 3.1 wudnAannuganniimuiulunisoenuuudl
a4 o ' = = Y1 a a del g ¥ < Y e
WM (L) HagMsnIng C MMuzaunaIn1so Ima1ouiuausnasan1s 14 598 9e9m
v v ¥
msaerinludivesndoudasaugad - iaugadon dalUninfuinasgulddmua1l3h

¥ ¥
dmiumsiaussaudygins uniu Inuanad iy msasnuazmsiaugaiviondauiiu

1 =

a o 4' =4 = P U a o P = J o
dedudu iondndosnisnldsunlasdivesduiinaudnervenifain g TaonfA18una

= o

duniaugveanteutasdes liioond1 1,000 Q@ AAPAUIUANLD FIUHAVDINTIAUVDA

>

” io A v & & ia '
dyrmsuniuiialdninmiesiloimivivegivaivesesntsznovaiag lussuuuas

v
oA YINIBI A4 (ransformer ratio) ANTu TAsevwABIgNTIIMsHRLIREY (Calibrate)

nauti T 14w

ng 3 b4 ° +J 2 9 dv v 5 ) " ' o Y o q’
mnmammmu‘nﬂ‘nvm'unwaymueaﬂwm LISN %UARN 199 LLGﬂUT’!’WDﬂﬂTIﬂU
" £ 4&’ o o J 4 da =
.l'lj WWNATHUURWIZIHDNIVEI LISN NNIN1E00NUUVUU BINAD LISN ¥UA V-network LU
A a s \ o
50 ©/ 50 pH + 5 Q 1194970 LISN Friaficnsonduausents I lums nasoudyan

o o 7 A!'l 9 “ o -
sun'aumamumm"lﬂ m?)x‘li]’lﬂﬁ'll.l’ﬁ01%011119%’1‘10111?#111!(1 9 kHz — 30 MHz

33 aandsznouveslnsaasnynatosMWBNTIANTFTA V — network HUL
50 /50 pH +5 O

ﬂ'ltﬂ‘uiﬂﬁdﬂi‘!t)lﬁﬁﬂiﬂTWﬁﬂﬁuﬂwf (Line Impedance Stabilization Network: LISN)
9 o 1 & o = ar ° aa
Ysznoudwesntsznoud1ag a9 LisN Tuilsgiiuldfiniswau Tasmsiszuuasaean
ar 1 =l il [ : i
AIVANIZVUNMIAAADATAT 11z AUANIZUVUIIAN IS (status indicator) HIUAN AT 11D
ar o o ° “ o o = ode. ' (=1 A o ar ar dv
aatlanFumamauirsimonglnialadnraanean g eon Nezmnosdntlszneunan Al

-

1. AIMuUNU
2. dufuiazy
3. damiloni
4. NADY (case of box)

o
5. 32VUNINIA (grounding)

¥

= v o e A o " o =
Tavvzinuld o snoviiivuialddndueesd s snounuumiadn (passive)
¥

- o @ 'V Adana - ¥ o ¥ ' & '
iy Faonsznounandieg matinIsmaaen 1y Az ldnaae T aureedign
fmualavuasgu 1wiU1:1admi‘luﬁ1;nuxﬁ1ﬁ'lﬁuwmmsﬁmﬁﬂamgn (trial by errors) U

[ £y 3 o v -
Voo ldinsndeszyvesginsel (specification)

1 " a o aaa
uni 3 Tassneinuuatosnmduiuausuaznguiiineides
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3.3.1 MMy

£ d '

w v v ' 5
AMIUMUAINITONUI0NNI199 1A 2 LY Ao HUVAIAIN nazuLY
ar c{ ’ b 9 é wy d"w I3 [ % - ai o =
Ysvlavumnnudmumuld sansaesnuvildagnimunesnmuiagaviniuinan
o ar ar J o o ar
T lludadadmmnainadaiunnildumsven (carbon film) nio ialaw (metal film)
= = d  a dycl @ § ¥ i ' oo o »
(141 Taoluaneniinusatuiiins lFnuddumunuumniunnn s s umunuuliug
& o 9 o P yq’: Y ] ar q’: = ' =1 a
18 gsdadumunuulua 1diergn ¥ lusisusng dniuseez hinsswazidaunin
¥
navznal laosau Asre i
o 9 U d‘ A =) = ar as o’:
3300 Asmmmnyymaei . daiinnnevatoyia luilegiiu daiuly
a = ¢ Z o ar ' aa o " " Y .:ly
MnunusRtutmmsonaletantondiuedeuns vao gail
=y ; [ 4 o s i
- Carbon Composition  QAHAAYUVINUVIAATTUDUINNIAANIUAIWOIIN
4 e T o ° ar '
Avansuartuvond e 1y nsrawvesnsuonyi e s odiusinay
¥ (£ = ¥ R 4 ﬁ’ t o ¥ '
AMUNIY IAMUNHBENUVUADINT FIMIATWAIUN NN Yumsoi 1ddwn
AnNuAIIMIUTBY TaovelininnuamanaeuEuEe (iolerance) BYN 5-20 %
duils2@n5Y0IgUNIAONWAIMNIY (Temperature Coefficient of Resistance: TCR)
El{lju‘lf‘N 1,000 part per million per degree Celsius (ppm/°C) Hmummiuﬁﬂqmngﬁ
4 n 4 > 4 s B
IUUMANUAUN AR IHAIBRUHY T AARIN AU IS I LAT T anile
"  J
NMITIMIANT AL AaTUMUSTAT d W T0ad NFUYIUSUNIY (moise) 14 1az
TEAVVOIA YN s UNIMLY SR TUM N UIAN N MY I I UMY
- Carbon Film Resistor Aanaaalugyi 3.7 idnvuznaoqoiramnioutuiu
¥ v
1A carbon composition resistor AHUAW MM IMBTAT I IO 9 dyausUnIu
) ¥ '
TauReanu uasanuaaiamasuiuseIuAN N9 INANEANA19 11
n’: - [ =Y dv 3 J " = [ o 1
Junpumannn laofadniuyie e lununaasinueanauiunveu m

ANUAMANTDUTULONTILABYTN 1 % NMIADVTUDIADANLAA N UAIAIUNIFITR

¥ " [
1 1A11ANgA FaFnI1VY wirewound 1AZANTIVY carbon composition 11N

i g = o
N 37 @dmmuriiadaumiven

v ¥
- Metal Film Resistor 89307 3.8 @adumuwiiaill4nssuislumsaralag

msszmomvaniu Taoi Idmsiaszmolugyainisasiwiousuuuums

unii 3 TassvoinuuatosmwsuRuauduornguiiinoitos
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= & ] o [ d'd - | = "
SUNHIoNAUIIN DS (wafer) amanymzmammnna'lmmmm Hagan1Ia7

) a s '8 2 o oy S kL D Yy
mummmﬂ%nmsnau mqmmumwuﬂuﬁiNfriyq,nmsumu"lﬂuaumnq

y a = o o
3N 3.8 Aadumusiiamiaildy

- Power Film Resistor -~ HONYMEMINAANITOU AUAVIUY metal film Hio

i =

carbon film %nﬁﬁ'ﬁﬁwﬁqfuqamwuﬂ wirewound itazfimsaouaussdonNudaNING
Taoi TudnildRuanifisadgogs miligamaiivasldnugaude: ligudu
nhgegafiiimseenuuy anyazmanuamiivalug)

- Foil Resistor fanaasTugilii 3.9 inmanyoead o0 Ui metal film AU
H_ﬁnmmﬁ’as?{mmumﬁﬂf:ﬁa 1A R03NN TV metal film, HN15ADDAUDIAD
Anui ARG, fifdnlszAnsvesgumgiinonnudmmnd waziianuniudiga §

oy = ) @ o 0 2 ) - ’ S -
NITUIBNTTHAAHUDUNUN VLD Y wirewound AD “lmmsmmmuﬂﬂuawummnwﬁu

31 3.9 Mdmmusiavosd

ar - w 3 A - s o A
- Fuse Resistor 91431# 3.10 ﬁ‘lummmmuﬂwaﬂmaﬁanﬂqﬂs:ﬁaﬂ Ao 1y
@ g L4 oV A a s 1 [
mmumunazad gneanunulinladsesiiielyTuimnszuags naniy (surge
e a g oA Wy ol = 9 Vo o
current) ¥4 TavUnauduilodrd mumuiinisuesiiniu’ DUFINAINIUNIULDY

. . - ) -
precision wirewound Y130 power resistor

3N 3.0 @dmmuriiaiad

= ' ar =1 . | L4 ad 4
Unn 3 iﬂiﬂﬂﬂi ﬂ'}zl'ILﬁﬂUSﬂ'IW'rJ!J“l!FIN“B“E‘I:“Q‘H!;]‘Tllﬂﬂ'}‘llﬂq
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- NIST Standard 611910 (National Institute of Standards and Technology)
standard Aaneaaluga 3.11 Wi umuiicnnseldamnnumiui 1&g Tavia,
ANUHANIATUYBNAITI 0.001 % Tifduszinduesguugiidoniudiumiuegi

@ Y = q’ 3 b = U - v
3 ppm/eC azdIMUMuUYiail ldkumsnaaeumesdugumngiiitiuecied Savild
o 9 e A rduily-ﬂ @ 3 a a A ¥ A
Amnumusiiaiiisinume uanda laduiludidumusiausng igmidenldive

= Vv S 1
5’146@1141‘!15ﬂﬂﬁﬂﬂﬁ"mﬂﬂd']‘ilﬂﬂ“‘]

JUN 3.1 AR mMuTTia NIST standard

3302 ddmaommuuyysve 168 fwanaluzii 302 Taolugld 3.2(n)

o ad” ey | & h . v @ = o
WLTIEUN 1 Potentiometer W38 Trimmer Potentiometer LA AN MTIADIgRYTY
WouAiosnss nazdSuitlunuudndraq damgal 3.02(9) 5 Semi-fixed resistor
& ¥ a I Y ' g‘é o Sy & ¥
FAUNTIAIYNO0ALUVT HEM YT UR 10 1T AT T e 191un1s
Yinuasiou lvmsinuvenses niegnldimovasunin liududve sdrdmmiu
wazieUTunyVazBoavee9993 TavesrmlumstSuling3u 185 zam 3000 daugl
3.02(0) iludad i e azaantunsl§ua Saiingn 4ol us e dundos

VDIINY

(V)

(M) WUV Trimmer Potentiometer (V) LU Semi-fixed 118 () uwuuna

s 3.2 @dhumuriiadiua ldnnamdam

unii 3 Iassnoinuuafosnmduinauduaznguiiihoides
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o § a ] Qs

a31) dadmmuignidenin1difluesddsznovvoslnssiionuuadosnm

= o = 4 a wa 1
dufiuaus A51duwiia carbon film 1AL metal film taztiloRw3 IRV ANTANMIAIUANND
HaEMsasNd YN UNIMNAIDY metal film veianmmanzannilums 19augn
" ¥ ¥ bl »
ANVDYI WALV carbon film UL INIYNNTMAZAMIS0MIED 1AON IV metal film F135]
q’: o’: 4? var 1 a e o ar r d’ : 4 a A " oA ' a
nauvuegiuNHaANNRAIna annsamde lanwluiestunse i e ndunnui

ﬂyf L] L] " Iyl A @ q’: =
159703 LISN Wueglugia 9 kHz - 30 MHz iy Fadadmmuiiaossiine: Iiwans
P a A o - 0. @ s d ¥ WL - A ¥

NATOUMBUANAUFYDI LISN  Muanananuivuanios dniuienisidenldaiuaiy

N ¢PUREAGEY]

e o
332 annvilszg

s < =1 - & " = u =1
aunulssyliunnuisnaturiia FAMWIDIMINFUAVOIA U VY 52 YUV
ar o =Y ' ] o o U a d’
e Tdiu Aadvdszquuvatianin uazdatlszuuny$um g Taoliniadeizue
0 = o = - o o " - 4 »
nafriavesd ndulszaiosnuu@on fe ANVU32 PUUBRININ Faausoutany
el L= ar :: ™ Y o 9 o ar ' c; é
n33u35 lumswaauaz Tagmbunldiuilunuiu MRasuaasaroieluaisei 3.2 391y
- n’: =t @ " 4 o o ' uy: ] [
A5199 3.2 uu;flummmﬂmwmmiﬁugmmsﬂammummuﬂi:igmmu ualnseie
s = - =) (z o "-: o :: L] lJ o ﬁ. L
INHUADYTNINDUNUANFU U IUATN1IZUTIAUAIA 220 Tiadau T uazviaiufigu
P n’: i [v3 : o oo L =
ANUDAIA 9 kHz ~ 30 MHz AnTuTsAos I Fdunudszyitinsdszgnaldouiuiin Tae'ld
o - 3 o cf = ] o o = ] § o "
msiienlgdunulizy 2 siia fio e Tas Tna TnsWaudn (metallized polypropylene film)
ar o = dey 3 - @y = L=
Haz W a 1o INAOMADI Wall (metallized polyester film) 111DV MNAVANIAVDI Tnd TnsHay
UUHANURPTOAN (very Tow losses), N13AANTUVDITABIANASAAY (low  dielectric
- P ] = [ - q’; ¥
absorption), 1Az f M UAINY TABIANATNGY (high dielectric strength) 721 Twiio Ao AT uila
a ad - 3 = o ey ar 1
A9V 1ABIANATN (dielectric constant) wazAnunIneladidnaings Anaraslugli 3.13

1A 3.14 ANAIAU [15]

:; ar " a o o " dq v
A1319N 3.2 ﬁl?ﬂﬂ13‘lf14ﬂ‘l}8\1ﬂﬁlﬂ'ﬂﬂ535}!11J'Uﬂ'|{1‘"| llﬁgﬂ'ﬁﬂianﬂi‘ﬁ\nu

¥i6 aniudszg | finansa mnaii nadszgnaldan
1310 I0pF-1uF | S0V-30kV | 500 Hz— 500 MHz g, Wiuannialy
didnlasladn | 01 pF-16F 3-600V Andiiokiz | 2eesnseumasiwmdamuaings
ui 10-1,000pF | 100-600V | 1kHz-5GHz 293G
Tum 1 pF-0.01 yF | 100~ 600V I kHz - 5 GHz 3R
LTEH 1 0F — 50 uF 50-600V | 500 Hz - 500 MHz mgn, Wiiuanialy

= v a - a a o e ¥
unn 3 Iﬂi\ﬂﬂﬂiﬂunﬂﬂ!ﬁﬂ'IWSH“llﬂH‘BIIﬁZﬂﬂBQ'ﬂlﬂU?VBQ
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M3 3.2 Aednsiavosduiulszquuude uazmslszgnd 1 (de)

iy 0.1-20pF | 200V-10kV | @1 kHz 299INTBIUTIFU
Iwaasuea | 100 pF —30 uF 50 — 800V DC- 1 GHz ﬂuﬁé’{aamsf]mqu&, VUIRaN
Twalws¥iau | 100pF-50uF | 100-800V DC-1GHz | guumngs, M dielectric absorption A1
Twdaisu 10pF-2.7pF | 100-600V DC- 1 GHz 2993N50IT YA IUNNALEN
Twdtomnes | 100pF-30uF |  3-600V DC-1GHz andiiinadougs

g 313 aanvdszyriianntalad Tnd Tnsiauildy

U 314 dufulszyriiannialad Indemaosidy

o o A o £ 1 a O]
a3l aunudszymiun1glulnssnieyiia Vanetwork 1 50 Q/50 pH + 5Q Tifioa

- | v o o o =
WA B 0.25 uF, 4 uF 1az 8 pF Taodunulszyuuna 4 uF nag 8 uF Wunuenialad Ind

' s A Al L
Twsiauddy dau 025 pF Whunvuaialad Indemaesldy Faduiul1dasnin1veeda

fulszlildmmuiisimua iesnmiiuaiignuuzi lasinasgiu

- " ow a a a o add
uUnn 3 Iﬂ‘N'!nUi ﬂ}!'llﬁﬂusﬂ1“9““llﬂuclﬂlﬁ$“qﬁ{]nﬂlnf]?ﬂaq
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3.3.3 Aunilgnih

MIuariiauesdumieni’  musoue lAuReINuNIs LAY IA)

Aunu uazd iy e damdenihsiamai uazdamienhsialivmla wvensn
" - ° ﬁ Y d’ o - o o ﬂ ' 131:1
msutadunteniheently 2 ¥iailudd Aanilonidemunsanensenduuyuaieg laon

A o o daisie
wimne Tavuegiuiagildiuilulaen (former [16]
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AN AR e Ananszua | Yadiaemu

e ST yHavo N S i
mHenhdge | inflenihgage ganseli 2 AN
20 nH 1 uH UAUDINIA 19 1 GHz

20 nH 100 uH unUeIMA, tuuRuyuilaen 19 500 MHz

100 nH 1 mH UAULD Slug tuned* Taily 500 MHz

10 uH 20 mH unumes lsAnuuImMIu Tai % 500 MHz
20 uH 03H inues 13ALUY RM N1y 1 MHz
50 uH 1 H ununes 1sduuy EC n3e ETD 1% 1 MHz

=1 ¥

I H SO0 H UNUINAN v 10 kHz
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3.3.5 S2UUNTIIA (Grounding) [1)

o A a da o L o - ]
ITVUNI19A Ao deiiinnud iy lusedudug Tunsandyaasuniui'ly

ADIN3 Tﬂuﬂsﬂwﬁ‘lumsﬁszuumnﬁuazmsﬁamus’mﬁuﬁammmuﬁ'ﬂtgmﬁm“mm

sunwmiiinnldiues ssuunsduiseen 1didu 2 Uszian fe 1) Safety ground was

e et A " W oa " = 1 o -] ' [
2) Signal ground TaunsMANIFoNARAUAUKIMBNRUANTAIAI 9250091 “Earth ground” d9u

o 1 ' o o = ' e P = J [
“Safety ground” 1inegnnuANANIveIRY I NTyauIUNINAn IAIRaTuNSe T

a7

v
3.3.5.1 Safety ground 1UNI3NI1307 Safety ground 1UADIUTENOVUAILAITS
g A = " g A ’a 3 ar oo o = |
(chassis) 130 F91 DY (enclosure) toriluN3 198 WiugUnsaldidnns edind 1ffoeen
¥ 0
daiummsaiuumassousedu I ganazamnsoianisinslng 18 Tae
é o ' ] ’
1AT31409e0 1Y (National Electrical Code: NEC) Souiiasmua'’l3 3105 das1e'1vvh
o 4 ’ s s s ‘3. a s é
3ZAY 115220 V e ldnuthunordodeaiiussvumumo Taoiinaoiisoaas
= o v [ o Y o a ¥ 9 s a
NAv uNINA Invszdesremons nanVaerRuvegniaimnyiia
© 3.3.5.2 Signal ground lavin@udaluntamguiontinualdidy cquipotential
o ar ] H "o 01 A - a
point A0 yafif ws A hinldvuuilas Taolididsdanszuafinindh 1y Fauiiiess
Tumad §1idoz bl equipotential Bnvanszuadsiinaiasasslunsninissunauil
UWINIOINA (radiated emission) H3BNIINIANUBBI TN (susceptibility) Y9993
L " v » .
AIUN3 191098NANI1909 Signal ground AD AauUNIR DY RUANTA AN UNS 0T

t 4
o [ L o o o - o
Tnadoundyldumdssin daniunszualuningdeiinnudy Tao sigal ground

wieen 1diu 3 ¥iia fe

f.  Single-point ground
4. Multi-point ground
f. Hybrid ground

N. Single-point ground
1 } 4 v -
Single-point ground umaan'lmi‘lu 2 NINUDY AD DYNITY (series) UAT YUIU

" ¥
(parallel) Auanalugzih 3.16 Taomsdeuuvoyns U3 0N “common ground

N30 daisy chain™ HAZNIADUUVYY UQNITUNTI “separate ground system”

i 3 Tassioinuuativsnmduiuauduoznguiihoades
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; : Circuit Circuit Circuit
Circuit Circuit Circuit 1 2 3
1 2 3
Ry N Ry I; R Iy L l 1
AN 5.5 = W c Bi w s

It Ll ly Q@ S ‘ _ RN
Ground plane OO\ Ground piane - - - L AN

() Single-point ground 1UUBYN5TY (V) Single-point ground HUVYUIY

31 3.16 NI1IAUVY Single-point

T o o - 3 ¥ ¥ [}
M3ABNIANVVOYNTY A3 3.16(n) 1FAnud1umiu R) unua
DuRuAugvesdningIa L, L uazl; A0 NITUANs1NAY099957 1, 2 oy 3
o o a ' ' P 4 o o L4 =] ar " e =
Ay figa A lilyganiinnumedndilugud uatins sdumiduaunisi ¢.1) uag

19 C DUSIAUAITUMIN (3.2)

VisUi+ L +1):R (3.1
Vo= [+ L+ 1) RI+[(, + 1) R, )+ s - Ry 3.2)

. ) 'q ar v " [ =4 o ar
wideesiasthimilon 1 fauiuetauwsnaomsenudoiay iy
H a -~ adA 0 3 rs " 3 " o
‘luﬁnnzﬁ'lximﬂfmmmﬂnﬂnnmuﬂus:wﬁﬂuuimunu uaszyui s 1y
[ d':l o . o e r ar o Y a ¢ ja
NU29INUsZAUMAINUANIHINNG nT1zezi ifanszuansalsmauinlva

v
b - o

i g nfiszdudidanudni

» v
daumadons Al UYL A3l 3.16(9) viugmildeenuu 19 auien
wiedanua lumsinudmg mswes bisimaden Toadwrig (cross coupling) 5¥MIN9
o A o I3 7o o
n3zuans 1A W93 tug Taousedunsnavesaesilufladiuvesnszuans g

¥ ¥ »
HazBURIANTUDIIVI NI Y fasnogieluaumsh (3.3)

V,=1,:R, Vy=L-R, V.=I-R, (.3)
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8N (antenna) NUNWINszM0danMsUNMImMan Tihoenmasinis

Y. Multi-point ground

52UV Multi-point ground gminn1Fnunanudge uazlurssaineaiionn
" a a o ¢ o :.-i ' ' Vo o
MouiuAuFYeINg 1A Awaaslugli 3.17 29esarqgnde i lndfuszuunsg

(ground plane) Nimdunaud Tavin@inezidudaids lunmisiFondesenineens
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ganniuanuevesdnimaiidesihvdunii 1 i

Circuit Circuit Circuit

| 2 3 J

31U 3.17 N51IANVY Multi-point

¢ o et o 4 o

FEUUNTIAUYY Multi-point AIT5LWNANUHAT 1H0IINNTZUANT1IAIINNN
] - | o Al ar ¢ & n'4 o
149392 Iarmuduiuausyeans a3 lddszuuns 19 4 Taoia U sz uruns 126

L d' . =Y - - A ‘2.
vty Tans Al dunauveatURIDUNRA2 130 Tanerauiin 4an13munuHYE

4 n’:  a o P a A ¥ 5 c; a :

mms:mnnsnﬂuu"lumwaﬂs:nnnumanmmummmmnqe AauNIzuEYL Iva

DYINDIANTDININHAYD skin effect

" v L ¥
Taona Tdudamnnufifdingt 1 MHz 52DURI 1AV Single-point 1T
v I a . o : i
IHINZANIINND HANANNHFINTT 10 MHz 52UUNT1IANVY Multi-point HUIZANYA
¥ i = " o u‘: ° [V
AIMARNANUDITNIN 1 - 10 MHZ TZUUNTIIANYY Single-point 111 TAgnimn 14

' » ] @ o o 5 3 " I ¥
adauwsva1w muladeulvanuongegavesanininadeniooni %;{ Taoin

= ' 1 o '
ANUBINAWINN :2-6/1 FZUVNT ANV Multi-point A3 gmimnlFunndy
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fl. Hybrid ground

a 4 1 a 3 s
VY Hybrid ground A0 szuUNIMIANULMTIATIgUHIUMsAaRYTAg

' ar d‘ C‘ r ar el l:; o o
BANANNUNANUDAAU A gl 3.18(0) - (1) muddu

1 2 D 1 2 3

Circuit Circuit Circuit Circuit Circuﬂ Circuit
T T T

(n) (v)

() Hybrid ground M Single-point ground A sdA Ty Multi-point ground AinWRaAa

(v) Hybrid ground milu Multi-point ground Anudduazily Single-point ground NAUDF4

L]
310 3.8 N31981U Hybrid

"
e g

Taog1lh 3.18(0) 1WugUunuves Bybrid ground 1199 1S anymzmioudy

Single-point ground NAYMWHA1 LAZUYD Multi-point ground AT waz 31l 3.18(v)
© 5 AT 9 ' o ar o o o 9

NI 19N URIBAIN IR IgNABAINT 1IAN NI 1FVBIs zu T A e AINAND

Munnmaoano

a3 vndoyadisduilinsiviluniseonuuy LisN iefezaso19am gy

2387
b

' = o ' o o = o =
GIANUDAINA 9 KHz - 30 MHz WuaIsidenlFszuuns 11auuy Hybrd Taoiigiuuudagili

& i -0 - : < =
3.18(m) iy Single-point ground Nanunamazily Multi-point ground NAUNYI
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3.4 MIVONULUANHHEIMAUINA

MNUINIFIM CISPR 16-1 Mlvinswhdamiisnimiiluesdlsznouvesinsetie
@ = a ¢ a ' i o & '
SN UADOINIWONNUAUTHUA V-network LUV 50 /50 pH + 5 Q T NuHTo NI NRs a0
- oA ° A = &
10 50 pH waz 250 pH paziiPou lvlumsmaunduanud 9kHz - 30 MHz W3e
J ' P v & a Y o Voo a °
150 kHz — 30 MHz Y40 uunIgumimn 19 ¥3910a15199 3.3 uaae Iimundaniioni
o 9 c; o 9 U LI d'. o
unuoMALLUNuUUlasnansalimanumidonilaua 100 pH udmaumileni
v v '
qagad1mi LISN fivhmseenuuufe 250 pH aniumaiinlumseenuuudumiionivaiiu
o S o 9 4:‘ o = = o @ qyc: " [
Usziaunannii 1y LiIsN feenuvuuaztivaus luinoinuiatuilinisaouaueInogy
e 2 = ) - W ~ o o = Aaq ¥ &
AMudAsINdeTisIngn ArumsidenTaamiminiuunussudsvinavesunuils galy
¥ ' [
WateilaztinauemsdaNes ULV AR TN WA UIN FLaLNA A luN1s e NLULRD

wmiloni1 Taowmiseonidlu 2 gauwp fe

v
N, MISWULUUTUIAYD (single layer)

' ¥
V. AMIWNHLVUNAYFY (multi layers) (ﬁﬁ‘li‘ﬁ 250 pH Mu)

o ] o 18’8
3.4.1 msnm?mmaaammvmmﬁmumnmnnm

¥
. MINUUULFUIAYD (single layer)
‘ﬂ ad o ~ o ¥ a-:ldf @ o o = @ A
WuAsmMseenuuud Mo snug i Tasudnihvadagiuliizess
s 3 d. o -& o o i ]
vunnueIMARaaallugii 3.19 wiemmdasniminnldiilunny FainTagili
wa ] (=14 U - o o
ﬁqmﬁuuﬂmmumaﬂ (non-ferromagnetic material) %u"lﬁmmmmumumﬁ'mms
Imsasnaniawisesennvy ldnnmsdias Tandlumsdmasuuuy sz

AMAUNITN (3.4) [15]

N 319 Medwdumiisniunueinmean i ldiueguuilasnuasiueguiulaen

= v <t a - o ad 3
unn 3 Tﬂi\?ﬂ‘lﬁl‘.\'ﬂ'lsﬂlﬁﬂ{lﬁﬂ'lﬂ@ll'ﬂllﬂ'l«l‘lﬂlﬁzﬂi]'}:lﬁﬂlﬂﬂ'l'ﬁﬁﬁ
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LI
N=—2= 34
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cTm

Tlagh N fie Swuseuvesdauniioni (sou)
L fAemanuniioni ()
I, A0 AINITUAUDATDINITT (A)
} 4
Y o

A A NUNMINAAYDILNU (m?)

- v ' 3 ' o 2 -
B, 79 MANUHUMMMTUUAUIBIHANTIGA (wb/m?) H3D (T)

10
B=uH (3.5)
13173 ot

diiaunif (6.5) waz 3.6) Wunuluaunish 3.4) 114

Ll
N=—-"2__ 3.7)
4 Ve

[

m

" ¥ L4
VINAUMIN (3.7)4HDIINAT L, YOI INANAUNINTD 1 farivee 1@

El
Nis"= (3.8)
Ar_‘!u{)
EL)
Ne | Ea (3.9)
Ac#(]

Taoh [ A9 ANE1IV0ILNY (m)

¥
Hy =47x107 (Wm) ung 4, Yuegivdnymzzlsraveany
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& P aa ° o i o
Faauns (3.9) WuaunsitdonlFlumsmismausovvesdamiioni Tag

A ol = Hg ¥ A4 o 4 A
TANUIHULIUINADINIG 5')“11]&@%“1ﬂﬂ]ﬂ\1!lﬂﬂﬂ1"]ﬂﬂ8u'lll']“']ﬂ'lwuﬂ

ar

s/ ¥
EGEH
Anveanu (4,) lasannuduanyluemelia ity 47x107 Hm

¥V

Hul
n’: o ar o &; ar o c; ° A c; Rﬁ’ r L)

VINUUNNMTNIVUIAVDIATIUTINISWUAUH U IU c::ﬂunmzunmauwms

Ansieeonuuuduniisniwig so i Ngnirly 190 Lisn fvivaue Tavld

UAUAT 7Y 25 mm, 817 100 mm

P 50x107°x 0.1 Sie
PN % (0.025) x 4 x 107 :

Ny =45.02 500

3
=

15’ % | == ofur™ Ny & @
WU A MIAN 772 HI0NADAUNHINNANITDS
¥ ¥
ar o Pl o o <AQ 9 = a @
mnuummﬁmaﬂmmwmmumh Tﬂam‘anmmumwnﬂnmmiums
0ONIUY 1azlaA1  HVNIARNINNATI N AWG (American Wire Gauge) danaaslu
‘§ ] ] Is; 4 - e ar ﬂyl
MARUIN Y B9 LISN Minauorugnoaniuuuiensanszua i 10 A daiuis

1A uyes AWG-13 Hififanszuagaga 10.357 A

V. MIWUIYYHAWTY (multi layers)

" ] bd v
WuiSmseenuudamiisnimivnnaneudagauiei niovavesuny

or

d‘ o d’t = ] o = o n’: = 3V o & v
NnIma LHENi]'lﬂﬂ'lﬁﬂvlJJ’ff'm‘l‘iD’E]EJﬂLL'lJUﬂ'JEHHU'JU'HI‘]J'U‘HNW]U’)V!G]ﬂ‘lj‘l'}ﬂNﬂuvl‘U LT

MAvamsduniioniivua 250 pH- TeodmualdinasuuunuvaEo sy

A190199719AY Auaasluaumsf 311

250x107° x 0.1
250 uH :\/ (3.11)

7%(0.025) x4z %107
Nyso,n =100.66 500

o ¥ W o o o o ar v
vwApaiImsiuANhswaudszn 100 50U MHAGWIFINAIMINIID
= o = =1 & '
ud lvld Taomsiiuvimaseiivesnu i lnain 1Wudu dadrlunmseoniuylyld

o a A d" A - o o Vly’ 'Yy @ w0 9 ra
ﬂ']ﬂﬂﬂlulﬁ DIVDINUNHIDUYUIAVDY LISN NAINITON LA llﬂn’lﬂﬂ@ﬂ’]iwuﬂ?u'ﬂﬂﬂgﬂ

= " [ = a A o ada ¥
Unv 3 TﬂiQﬁl’ltﬁﬂ'}:I'IL?lﬂUiflTI"EEIUﬂllﬂuﬂillﬁzﬂﬂﬂa'ﬂlﬂﬂ’]‘ufN
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L A L o H o
45 younhiiu e ¥ Idanuemvesnuwhdudamiisnivina so ui wwdeeldunu
d o L] L] "W 4
ASAAY 56 mm wiedidumuguIna 1IN 112 mm Asuansluaunsi (3.12)

ﬂ o ' - a J’ a ] a
ey g hTvinamuiuiugewive Ry

RS F L (3.12)
s JTX,UOXNZ ;

250%107°x0.1

7. = m)

SO an47rx10'7 x 45°

Tysoyur = 0.056 (m)
[V 3 - a o cl L] 3 84 a J a a' o
muu'mmsﬂszqnnaaﬂm.lnmmumumuunmuwuwmﬂw AAUMUYIUN

¥ b4 L

LA | Aaaa a J 4 da o -3 & o
LUUHIUTUUITUUALINUT LN BINADNUIUTUYDIVADIN (layer) HUIDY AR

1 L ' A
Tuaumsi 3.13) Taodumsdaauuuilszu (18] uas uanediedraie 14

dsznevlumafimamasgii 3 20

inner radius
[ 1
: : outer redius
1 I
I |
I : P
: outer redius : :
il 320 Fethaeldilszneulumsdmnauazoonuy
_ 0.0315-N?-(R)
L) = g Ry+ L, +10(B) (3.13)

Tasn L fe swnumiienihlumiae
»
N e S wruseuianua (tums)

o o

r & 4
D SANNAY (mm) (aaasluaumsi 3.11)

ﬂ. L o = - = 1 A
umii 3 Tnssoimuuadosnmdufiuauduaznguiiinedes
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I, 0 AMNUIVOINY (mm)

m

B f9 Anunuwesdini (mm) @aaasluaunish 3.12)

R= inner radius + outer radius

5 (3.14)

Qs ' ¥ : 3 L | @ P o
dunglddimima R Wi sdemsuvinadaiiduuenvesdaumiioni

- 4 o 3 ° ¥ ' o @ o
(outer radius) Fadnnuldnnmsihvinaduriugudnmsvesdni (Mo ¥)

& g ﬂyl ¥ ¥
AuAvimIusuninseenuunld

1GH B = outer radius — inner radius (3.15)

¥ v »
s wausungmselHinseenuuum 1dnnaunish 3.16) uaz 3.17)

AUFA Y
N=(N,-N,)=(N,/2) (3.16)
130 N, ~ AR (3.17)
N2

= = 1) ar S
Iﬂﬂ'ﬂ N 1o ﬂ1u3u5'ﬂU‘l’NHNF‘]EIUﬂ"ISWHLlUTJ‘HuLﬂU'J

v
2 MUY DVADTU

)Y

¥
N, @0 $wausu

2

Tuiiiszvesndodremsfiuammeeenuuudmionivuig 250 pH noe

1111 1410 Lisn fiuaue Taoldunud 575 25 mm, 017 100 mm, [20NDONUUUA?

" ¥
UMD AT

1.83

o 25+[25+(3x=22)]
Taon = 2
2
=26.37 mm
o B=27.745-25

unii 3 Tnseinosnuuatos nmdufuauduaznguiifivades
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=2.745 mm

0.0315-N?.(26.37)

& 230= 536,37+ 9(100) +10(2.733)
N=111.3 sov

Tgd v _112+3/2)
& 5 s

N, =37.8~38 sousovu

= d’l < 4 ' : ﬂlﬁ.
MINAUNS (3.13) Banuaarmmaou lavlszinaios 1% viniu lunséin R,
¥
o v ] Qs 1 @ o » o o a o
1, waz B dawiaiu uadaidanlsisameziinmuanmaiuidnsannsaiun
o o @ =)
Uszgnaldoonuuuldiuunuing lumunnaiia (18]
1 = Y A o @ ' e v °
TUAUMIN (3.17) Ihineduramdiuauseude sy Tavvzdoaniinis
-3 ' o c: d'sl E‘l o o ' o’: ‘-; b =4
muuams s lumseenuuuiide snis oihimaus sudedu il 1oy
¥ »
Wmouiums LA i wasevdeRuiuniinnun e ununiely us
- -3 q‘: o ﬂ' . P ) o = o :
lumsideniiuausuneenuyudluimsudud nelusamiion v nfudszneu'l)
3 - o ) " o i o ar
AMoinudumuniRanndgni uasAIA NN Vs e iAWY (stray
" ar e’: o P o Y 3 ) a [ ﬁ L
capacitance) Aatiy lumsesnnpuduniigninielFrunduarwiqe $ufudes
" » ¥
W91509A7 Self Resonant Frequency (SRF) U9481mi1 67111 AN Iugulu
. ¥ L4
mseoniumunumavgaananslugiii 3.21m  sesirIfdrdoamosvessa
- ° & ' o o U o ' 3 - 4 o
wilyniniveglnddu Jaih diamnmiulszyudags uadiiauswihunyadeg)

“ a’: ' n‘r’ i o e =1 °
N 3.21(v) vanovisapeezogriunuaziu uaziiamamnuil sz

» »
(M) MINUIIUINTDINY (¥) MINUIMIUTIUTY

" 3 v
321 dedumsiudmiioniuuunaiod

unii 3 Tnssiesnmuadosnmeuiinauduasnquiiiioades
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Vmeasure(B) = 2VDM (4 15)
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4.3.4 7993Y04 Ting Guo (0%/180° Power combiner) [26]
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4.3.5 3993904 Hsin-Lung Su (CM and DM noise diagnostic circuit) [27)
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4.3.6 3399304 M. Chiado Caponet [28] — [29]
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Taouiseeniiuaesunaa il a.4. 2001 uaz 2002 My F1l5zynA1995993 Paul 1ag
Hardin 1114lumseenuuy unanuusn (28] hiauesssmsuondygnasuniuuaz g
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4.3.7 39959049 Shuo Wang [30]
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VLG = VNG
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minedamdasimsdeiuvesdygundsinumdy 0 B dwaasluaunisii (4.18n) uaz

(4.189) MUMAY [31]

db = ZOIog(K‘-’i) (4.180)
Vin
o v, =V, wld
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¥
ow
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4.6.1 MIUATIZHINSUIANTZUEEN UAINDING (RF current probe)
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4.6.5 MIUATIZHITVEI Hsin-Lung Su (CM and DM noise diagnostic circuit)
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4.6.7 MSNATIZHIID5YOI Shuo Wang
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1.0kHz 10kHz 100kHz 1.0MHz ’ 10MHz 100MHz

3 6.3 mamstimessyuudanTisunsy PSpice student version

Y s oy p by SLEPIND » ) ] @ iy P
NI IEINITVIAINDMIINITHIMBNALANTN IR RN IM s u T e iftsuns 1e

= =1 Ld W A o : ; ar Qr o’;
HaziInsoaioUns 14 umﬁ'aamnwammmsmammﬁmunuuuiﬁwamﬁauﬂu AINUDIN

o ar a 3 = | o 3
NAN3Y10049993 LISN Aa31)i 6.3 Tedoduilunavesdufiuaudaoonvestsaouy

@31 919M15919997995 LISN Proposed-model #26T1)51un 51, PSpice student version 130
msdamduiinaudAinesnszmyinneas 199 NuARNRA 9 Kz 59 30 Miy uedmold
VOUIYAYDINATIIU CISPR 161 S mua Taolunasnaud 9 kiz-150 kuz 1y MounauY
faus 7.3 0 89 33.4 0 Faluvmsgdmuamduiuaudfinud 10kHz Tmidu sa o
£20% dunA U 150 KHz 30 MHz fuazﬁm%‘uﬁuﬂwﬂnﬁ’aﬁmﬁ’u 50 @ Taud
ﬁuﬁ:mwfmﬂmsi‘immﬁ’wiﬂssmsuﬁﬁwqaqﬂagﬁ 47.56 @ ulums$rasadandrniuli1g
o =& o

=S d A o o ar q’: = YeR ﬁ ciy a
munvesnlsznovudsuesgnsal nSoaedni datunaildse unanuvlszuiuionds

=t or
NNquRundn
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¢

6.3 msmmmﬁﬁuﬁuﬂwf%uaaﬂﬂuaﬂmq‘u'm%’nmmﬁusmw%nﬁnmumn

Wnauo

MIMABuRLAUEA U ONYDY LISN iinlnssronuyisaeglumsnaaoududl 2
uiisooniiiu 2 du fe Talifivunsiduaziinseaifiouns g Taoiidnumznmsdedsesdsgl
i 6.4 (81989990531 CISPR 16- 1 #9190 Tasssronuduindy Tavenonmduvesiy
delUdignsainamen EBUT pory #i'li1Rgndeidhiundesiiotaiudeaiinisdedods

L%BMGI'E] 50 € (terminator 50 Q)

Network Analyzer

50 }
ohm LISN
Output Input

0 M

Main port

Adaptor } N -‘E]

EUT port

SEETLAY &

i aa a n’: 4 el o o
64 ABnnaAnduiienadoudduiinaudanoentyes LISN

- Ingiszasnlumsnaaeu

4 ar = a o ° ﬁ‘r’
L HONI WA NYNE YO IBURIANINIIA 100N YD LISN S uaue 7
o = o = P=1 P 4 n‘: ¥
neaulaifounsiog LAEUIATOANOVNIIIANTIUAYDAILA
9 kHz-30 MHz
A o A @ = =1 ar = =1 ar
2. woriwan Ia nfSvuidoutuannsgiu CIser 16-1 nazilSouiousuna

° ¥ - o
msimesdaoTsunsunouiuaos
- n3vailonazgunsainlylumsnaaey

1. 1A394 Network Analyzer (31018008 3019HLIN 1)
2. LISN #iviuaue (LISN Proposed-model)

3. ANFOUAD 50 Q (terminator 50 Q)

UNA 6 mswnaaauazmﬁmﬁxﬁuan15'nﬂafniﬂiuhu%’n‘umﬁasmwé’uﬁuﬂu%ﬁﬁuﬁua
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4. awanilaueniyua 50 Q
4
- oy lvlumsnaaey

@ a A o o 2 o (4
I8 QﬂﬂllwuﬁuWﬁ']ﬂﬂﬂﬂ‘uﬂﬁvlﬂul'ﬂﬂﬂﬂﬂﬂi'nﬂ

@ o = =t o [ 4
2 'Jﬂﬂllﬁll.ﬂll"fﬁ'lﬂﬂﬂﬂﬁ!ﬂ@u'm5Bﬂmtmﬂ‘ljﬂi‘l'lﬂ

Network Analyzer

50Q
Terminator

' LISN
8 Proposed-model

Coaxial cable 50 Q ;

65 mInaaeumIMIBIRLAUTAIDBAYDI LISN MINAUDAILIATOI Network Analyzer

= a a q’: = 4 1T a o ¥

110 6.5 nansdnyuzMIAafazMINATBUTY INOMIAIBLTILALG N1 IUDEN
' [ a = /o ° Y a o e,-:
¥4 lnsaninudufiuaudminaus minaaeuazdsanszuuszuIuns 1998198 faiu
wan ldnnmsnaaeumusangmilszantnmuesslasssiiaue 18 lussdudoidufy

] i o ] - a o A L] y o
Tnssnnismiudoniyd iesnindunszuumnageunielditon lvdefmuaves

= @ A & dauyw Y ¥ w
WIATFIULAYINU INTIENITeBNLVLIATBINeN ldnadounIefIuamd1du 1dn1q
v =] & A ) ' i w q’: ' o Yy v
wiman TiihiduaseadieolFouludwanuigs Anfuanumindveswamsmarouildse
Lﬂuﬁaﬁ'qﬂﬁimﬁElammuTﬂsﬁiwﬁﬁnﬁuﬂﬁaﬂmaﬁﬁnﬂﬂmqawaﬁm%’umsmﬁaumfh

b4
o o g W a = =)

VIAYYIUTUN UMM NIMImeA I Tmviuaziiinson navesmsuiuausaIuoen

a = : =t [ o' 1 - 1 '
medlminazinsoaidiofouiuns1aalugnud 9 kiz-150 kiz Aesildeg luveuive

Awanslugilii 6.6 uazlurag 150 kiz-30 MHz szdvsegluvouadsgilii 6.7 awd ey
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70 H

c 50 Equivalent circuit of
i:; 50 D/50 pH + 5 Q network
3
a
E a0
30 Tolerance on curve is + 20%
20 H
10 H
. jo.o 0.015 0.02 0.03 004 0.06 008 01 015 0.2 03 04 06 08 1
0,009 Frequency MHz
ci | Y ] o =t a o o
:i"l.]‘n 6.6 ”IJ'Ei“lJl‘llﬂﬂﬁ)lIW!lﬂu"Hﬂ'l‘NB'E)ﬂ'll'ﬂ\ﬂﬂ‘iQ‘ll"lUﬁﬂH'llﬁﬂUiﬂ"tWE]ll‘Wlmu"'n’
Tur39n209 9 kHz - 800 kHzZ
80

Impedance ponts

SpH

20

Equwvalent circuit of
10 50 /5 uH + 10 retwork

60 80 00
Frequency MM

015 0.2 03 0.a 0.6 oe 1 1.5 2 3 4 6 8 10 5 20 30 40

" - | o« ' ar = . |
67 veuwamdufinaugdeonveslnssiosnyuatos nwsuiiuaud

Tur23n71D 150 kHz - 30 MHz

i - o bar a a - o
'U'nﬁ 6 ﬂ-ﬁﬂﬂaa‘aua:n'ﬁ’Jlﬂi‘lzﬂﬂﬂﬂ'ﬁ“ﬂaaQIﬂSQ’“fﬁ n'ﬂ11“605”1“8“““5}“"5““11““8
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Han1snageuAIBufiuAudduoenves LISN Miuauemadlaiuaasdaglii 6.8

HAZAIAITIIN 6.1 AR IAY

LIN M\AG_ 0 @ 70 ad 43.13 Q
70 100 ki 1 M 19.20272771 Mk ]
I
| 6 (130 %)
|
| 1950
50 © '
I
| 4 M
L1 7140 0l dbb <)
=
0o )'/
/c
&
5201815 WL ({0 - B-dod L NN ... £
Al 150 kil — 30 Mk %
/ I
/ |
6.4 2 / |
V.4 ! 1
L
I
"""" é"_'*'éi)\" A T
00 szl 1
START 9 kHe STOP 30 M
68 mmlnfvuioumsuinauddmeonmameumednl;g @ - )
Y9I LISN Miuauofuve uuaning g1 uema b 9 kbz - 30 Muz
:; .- | o 5 9 s e -
MMM 6.1 MduiiAgEAIvesnn AT ladninmsnageunnNNGA199
= 1 a = d A ' a o <
s i ANND MDA e 2 ANUD MBUHUAUY
Maun GV
(MHz) () (MHz) (£2)
1. 0.009 6.40 13, ! 46.72
2. 0.01 6.42 14, 2 47.17
3. 0.02 7.85 15. 3 47.28
4, 0.03 10.13 16. 4 47.35
s, 0.04 12.55 17. 5 47.40
6. 0.05 14.97 18. 6 47.44
7. 0.1 25.27 19. 7 47.51
8. 0.15 3224 20. 8 47.59
9. 0.2 36.69 21. 9 47.66
10. 0.4 43.80 22, 10 47.74
11. 0.6 45.63 23. 20 48.39
12. 0.8 46.30 24, 30 49.62
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HAMSNATDUADURLAUTAINDOAYDY LISN mluaeniduiinsoauaadsgli
6.9 UAZAINIIIIN 6.2 MUY

CHl 211 LIN MAG [0 Q 170 Q ¥ 43 . 3
70 0 100 kH} 1 MHz 19.20272771 MHz]

bt
“ o
(8]
o

|
| 60 2|40 %)
T
| 49.88 0
50 Q : N\
| ’.—"
L 7hd ©ldeh o)
gt
10 Q/ I
/ |
/L/ A N B R T AN
]
/1 |
637Q /| |
. :
-------- seseches --.«-4---’,
9 - 150 kHz| |
0 Q i
START 9 kHz STOP 30 MHz

3 " a o =Y
3N 6.9 nsnlulSuuiouaduRiuauTauesnnaTe UM ILTIAs oY (N-G)

Y99 LISN Mineuonuvouvanins s e ma s 9 kHz - 30 Mz

A1519N 6.2 fhﬁ’nﬁuﬂwﬂﬁ’fmaanwNﬁ’mﬁ'smaamnmmﬂﬁauﬁmmﬁﬁnq

g ANND MDA Py ANNa MOUNUAUY
(MHz) (@) (MHz) @)
1. 0.009 637 13, ] 46.83
3. 0.01 6.41 14, 2 47.35
3. 0.02 7.91 15. 3 47.47
a. 0.03 10.26 16, 4 47.53
5. 0.04 12.73 17. 5 47.57
6. 0.05 15.20 18. 6 47.62
7. 0.1 25.62 19. 7 47.45
8. 0.15 32.62 20. 8 47.69
9. 0.2 3700 21. 9 47.76
10. 0.4 44.00 2. 10 47.82
1. 0.6 45.79 23. 20 44.32
12. 0.8 46.49 24. 30 49.88
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ranmaeUBNlAudiueanve nsewi nuados nmduRuaudiiiiarueeg
Tuveuiwaitnmsgmdmunsted i lmiuos fiamsen Selnhiumsuunudvosloduns
fhnseailmindRosiunng uraeliituimnumugodvosmsuiuaudiarosdnidaudng
Tugalii 6.10

60 Q (+20 %)

-

l 1 1
|| —— LINE

NEUTRAL r
//4 /(2P %)

|
|t T A
S
I
I
i
!
=
199, ki }, e 10, M
START 9 kH: STOP 30 ME

| - d
610 Mdudiuauddmesnnageumedla uazianseaves LISN inauo

A of . A
wenffeumsunuvouwamasgiuludmnnud 9 kHz - 30 MHz

weuanlfifufsnmmniadnsufiunudues sy fbimieahmsnSuudeuna
MINATOU 3TN LISN Miuaue (LISN Proposed-model) 11 LISN fiil§1miioidawiiive
(Commercial LISN) Tassimsidonvuafifaves LISN iy Ao usedu Wi nszuaady
AR 110220 v Aianszud 10 A uaziiluTnassiesnuuades nmduRuaudaiia lnsesouuy
3 50 /50 uH + 5 Q@ a1 IR mANUER A 9 KHz-30 MHZ NavBIM TR BUTeY

uanaRIgUi 6.11 uaza1s1en 6.3
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60 Q (+20 %)
1 K
: s 'c' LISN Proposed-model
500 100
I asdsddsnd jaseort? o
| ——— NEUTRAL
wo@ewlll ! | 48
; £ Commercial LISN
L d 'l' ..... LINE
[ |
9 =150 ASEEEETI  EEN NG T NEUTRAL
’
L] r=4
p‘ :" 15014#—3”[@ i
Al
/el |
»
5 :
e |
i ]
0 O 109, ki i, ME 10 M
START 9 ki STOP 30 Mk

611 manfiouifisurBuiinaugsuesnnageumedmimiinzianseaszni

i L] - - L] é
LISN M nausung LISN 5w vd g un 1719 9 kHz — 30 MHz

- P T A A o 9 7 a ' a o
19148 6.3 Nﬁl‘lﬁﬂﬂl’ﬂEl'].lﬂ'lﬂllwuﬂu%a’luﬂ@ﬂ‘l’i‘lﬁﬂ’lu‘lﬁuLlﬁﬁu’lﬁﬁE]ﬁ?g 12379 LISN NUNauUe

WA LISN [FIWii%6

4 ApuRuaN (@)
o w a | AIUD
amun Line (L) Neutral (N)
%\ X =t ) a a d . a a d
LISN 1Y uaue | LISN 1939W1HY8 | LISN N aue LISN 19304 ve
1. 0.009 6.40 4.13 6.37 4.13
e 0.01 6.42 4.899 6.41 4.897
3. 0.02 7.85 7.261 7.91 7.258
4. 0.03 10.13 8.885 10.26 8.877
5. 0.04 12.55 10.86 12.73 10.85
6. 0.05 14.97 12.82 15.20 12.81
i 0.1 2527 14.76 25.62 21.85
8. 0.15 32.24 28.82 32.62 28.81
) 02 36.69 33.68 37.00 33.66
10. 04 43.80 39.52 44.00 42.41
o) 0.6 45,63 42.46 45.79 44.08
12. 0.8 46.30 44.13 46.49 45.08
13. 1 46.72 45.14 46.83 45.78
14. 47.17 45.85 47.35 46.24
15, 47.28 46.31 47.47 46.56

7/ o
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a 1 = ot A A o 9 v o a ] a
13197 6.3 (D) Wﬁlﬂﬁﬂﬁlﬂﬂﬂﬂ'lﬂuwuﬂucﬁﬂ"IUﬂﬂﬂ“'lﬂﬂ'luhlﬁuuﬁzujﬁiﬂa'jzﬁ'}]‘a LISN %

° o a
HUAUD 1AL LISN IHIN 1LY

- APUTANIY ()
. w0 | W0
aaun Line (L) Neutral (N)
il o a a A o a P
LISN Niuaue | LISN (5awiHye | LISN Mivaue | LISN iFemiive
16. 4 47.35 46.9 47.53 46.81
47 > 47.40 47.89 47.57 47.76
18. 6 47.44 48.31 47.62 48.17
19. 7 47.51 49.14 47.45 49.02
20. 8 47.59 S, 47.69 50.84
21 9 47.66 52.67 47.76 52.61
22. 10 47.74 22122 47.82 3219
23 20 48.39 56.75 44.32 56.77
24, 30 49.62 58.26 49.88 58.29

a3y vngulit 6.11 urasliitudsmsnFouifoumsufinauddueonssnig
Tnssthwsnuuadosnmdyiinaudminaueiylnssofifismihndaniiss nansnageu
WU TUFI6MAING 9 kHz - 150 KHz A5 g AR muAsBUTIATR 10 kHz 3R 5.4 0
n3elidng 432 @ ez higend 6.48 @ Tau LISN fniuausiianlssana 6.4 @ Wamaday
laviuagiianson dau LIsN Faomnilvdianszima 489 Q finawi 150 kHz winsgIm
smuas B 137 33 0 (031 26.4 & waztoondt 39.6 Q) wansnaaeuiiAlsEana
32.3 @ @WF LISN iinameunz 28.8 @ d Wy LISN Faniied wozitawd 30 MHz Wan13
NAROUYDY LISN Tl naoiianniiy 49.62 @ meduslaviing 49.88 0 nadauiimsoamy
@19 @ LISN Famiisdiiaidufiuaudilszinm 58.3 @ Tasunas g lddmuavenwait
mmﬁ'ﬁﬂl"a’ﬁqqnﬂmo Q uazA N 60 Q Fa91NHANSNATOY LISN %qﬁmamnﬁ"mﬂgju
YoUIATINIATFIURMUA ﬁ’u‘iy’u?i’qﬁqwﬂlﬁfh LISN MiNaLor 1L naaounIuaasg Iy
CISPR 16-1 Wedu'lafuaziianson selindnfumanmsnanenvos LISN finaueiuiis
Indifvsveniwavennasgmimuaminndt LISN Fawriisdmimnloudioy Taomme

N = u’: " ¥
DUNTINGIANUDGIAMA 150 kHz-30 MHz 1T udn 1)

UMY 6 NINARBINAZ NI IATIZHHANINARBY 1A IVI0S N UED s DB UTIANS Tl neuD
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6.4 Manageummsgauduiiosainmsldunsnveslnsadiosnunadesnin

o | "4:; o
UNUAUBNUNTUD

Mmsgudoiiosnnnsldumsn gnsertion toss) 1Wuiladuiantsy@nsnimlums
AR motym'ir’isﬁﬂi‘fumnﬁaqﬂnﬁnﬁfuq?uﬁxumfaﬁ'iytymTﬂaﬁmsmmnﬁﬁqﬁwm
dYY I (signal powen) ImiduihuaFiva (dp) H'%'amaﬂ%qmmmuﬁ’wmmsaﬂmu
(attenuation) uﬁifhmsaﬂmmfu%:ﬁmsmwimauﬂ?gmmﬁu;tmmnmu MSMIMMsgaydy
Lﬁ"mmnms‘ldumnéfmﬁmﬁﬂ1'ﬁgama€ﬁu"laﬁLm:ﬁmmmﬁmﬁmﬁuﬁumsmfh
Sufiuauddoonues Lisn Sadaiumsnagoulusuaoudt 2 wuiivady Snyazmsdarg
nanaRagilit 6.12 ﬂ'wamwnmmsqmus’c"rmﬁmmnms‘lﬁumnﬁﬁmuﬂ‘l”;’azﬁwﬁw Tighnh

-9 dB uaz liguiunit 1 dB

RF

- N LISN

50
ohm

Network Analyzer

Output Input

R

e
- AU

Main port

L1
Adaptor EUT port )‘ N -ﬁ

“EG

v v ¥ »
il 6.2 FEnudaduienacoummmsgai@oniosninmsldunsnues Lisn

e

- agiszasnlumanaaoy

4 ’ e v - & e
1. ionswdsmnnugadoiionnnms ldunsniifiaiuen LISN Mineruo
¥ o =
e lan uaziiiasean

2 aﬁaﬁmaﬁ'lﬁ"’lﬂ;ﬂ?umﬁuuﬁ’u%’aﬁmuﬂﬁmmmgm CISPR 16-1
- nFesilenazgunsainlilunisnamen

L. 11399 Network Analyzer (370as1B0afanARLIN n)
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2. LISN Minaue (LISN Proposed-model)
4. AIaANBUAYYIY 10 dB (10 dB attenuator)

5. aeani1 lauenFua 50 Q
- e lvlumsnaaey

o U = A 1 4 'd
1. Mgy donianinns launsnnieaiu lay

2. IaMMsgdoiioannms ldunsanediutiinsea

4 Network Analyzer Coaxial cable

LISN
Proposed-model

613 mInameummimsgaduiiosnnmsldunsnues LISN fvhiaue

ﬁ'wm%’m Network Analyzer

37 6.13 uaasdnvusmsSanaienadeumgaduiiiosinms Idunsnues LIsN i

¥ [ ¥ '
wuaue TasdeuiimiinaaeunnaisdesiinisueuladiaiesiioTaynasuionans
nadeviigndeuiu Tavnamsnaaousimsgadoilossinnisldunsnuos LISN 71

o L4 o - [ i o w
vnauenedu latiuansdagiil 6.14 uazdanssit 6.4 audisy
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|
|
) dB |
- | ey
/1 & ! -2 123
/] | }
/ '
/ Fal ol L LY El o ARSI OEE |
;4 dB | 150 kHE — 30 MHlz
i A L L
9 — 150 (kHz |
|
|
|
1
10 kik 100 kHz 1 ML 10 ME
START 9 kit STOP 30 Mk
q' U = - q 1 g o e
3 6.14 Anisgudeiiswnmsldunsnamednladves LIsN fuaue
Tuguaud 9 kHz - 30 MHz
M13197 6.4 Ansgduiiosvinms ldunsnmsd lasininnsmageniinwiimee
] = d" 1 = d.
Aoty P AINITEYTIIDINN A 4 | MMsgaaoiionn
M| s : Al | awn ;
2 Mmslaunsn 3 M3launsn
" (MHz) n (MHz)
(dB) (dB)
1 0.009 -7.64 13. 1 -0.09
2. 0.01 -6.87 7 14. 2 -0.11
3, 0.02 -2.89 ‘ 5. 3 -0.14
4. 0.03 -1.55 16. 4 -0.17
5 0.04 -0.97 17. 5 -0.20
6. 0.05 -0.67 18. 6 -0.24
7. 0.1 -0.24 19, 7 -0.30
8. 0.15 -0.15 20. 8 -0.34
9, 0.2 -0.15 21. 9 -0.41
10. 0.4 -0.09 22. 10 -0.48
1. 0.6 -0.09 23, 20 -1.35
12. 0.8 -0.09 24, 30 -2.16
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HaMINATEUAIMsgaNTuIinanInms ldunsnves LISN Minauemedniinsen

uaAIAIzUN 6.15 nAzRIAI 19N 6.5 Mudiy

|
|
) dB |
e | "
v l -1.8b[dB
/! |
/ I e IR cectecbedededalfecccccnndcnaad resdecdedededebdeccnncasa .1-.
/\ I 150 kHz |- 30|M Mz
-4 dB
e eer o ver ettt UL
0 — 150 kHz |
|
J
62 4B |
e !
10 ke 100 kHz 1 Mt 10 MH:
START 9 kH STOP 30 ME

Wi e1s ansgaiduitessinnsldunsnmadiinsoaves LISN e

Tudgwanud 9 kHz - 30 MHz

M99 6.5 ﬂ'mﬁqag;ﬁmﬁawmms°1tﬁmsnma@’ﬁuﬁamaamnmsmﬂauﬁmmﬁdwq

o » mmagaioriion ) 5 | Mangaidiiessn
*ind ANUD W amie
o mslaunsn < mslaunsn
n (MHz) n (MHz)
(dB) (dB)

1. 0.009 -7.62 13. ] -0.05

2. 0.01 -6.86 14. 2 -0.07

3. 0.02 -2.89 15. 3 -0.09

4. 0.03 -1.54 16. 4 -0.12

5. 0.04 -0.96 17. 5 -0.15

6. 0.05 -0.65 18. 6 -0.18

7. 0.1 -0.20 19, 7 -0.23

8. 0.15 -0.11 20. 8 -027

9 0.2 -0.08 21. 9 -0.32

10 0.4 -0.05 2. 10 -0.38

11 0.6 -0.04 23. 20 -1.70

12 0.8 -0.04 24. 30 -1.89
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19149 LISN i uaua iy LISN 13aw15vda

: LISN Proposed-model
) aB | ¢ —— LINE
doe vevdoebbiderrrryrrsode i
i nd I o
Commercial LISN
g = 150 kilz LSEPIF" z LINE
50 kHz | NEUTRAL
|
}
|
|
10 kik 100 kiv T Mk 10 Vi
START 9 kik STCP 30 Mk

1 \ A 2 = i
g 6.16 manfSeudoummsgyduiosnnnsldumsamsiu lmiiaziimseasenin

i o =) ) ' A
LISN Ntiueuouas LISN nfawmafﬁ“lumummn 9 kHz - 30 MHz

a; = [ ¥ J [} ¥ o ) v
MI9N 6.6  walTeuineumnsgaaiosninms ldunsaneau latduaziitaseasgnin

LISN NNaU® uag LISN I39Wiisd

F AIgyReIHeI NN ldImsn (dB)
i Line (L) Neutral (N)
$Akz) o o a o od A o : a - 4
LISN nHuarde LISN {3 1U%E LISN NHUaHD LISN %3N HYE
0.009 -7.64 -7.77 -7.62 222
0.01 -6.87 -6.84 -6.86 -6.53
0.02 -2.89 -3.40 -2.89 -3.34
0.03 -1.55 -2.28 -1.54 -2.23
0.04 -0.97 -1.81 -0.96 -1.77
0.05 -0.67 -1.56 -0.65 -1.53
0.1 -0.24 122 -0.20 -1.21
0.15 -0.15 -1.15 -0.11 -1.16
0.2 -0.15 -1.12 -0.08 -1.14
04 -0.09 -1.15 -0.05 -1.14
0.6 -0.09 -1.19 -0.04 -1.13
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8 49.96 0.44
9 50.02 0.45
10 50.07 0.45
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ANUD S S5,
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0.8 -0.42 -0.11
1 -0.39 -0.10
2 -0.38 -0.10
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amsdaiudyrusunauwiman i imamodnih Inuanas iy (Common Mode
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ﬂ’:l'lil‘il: CMTR
(MHz) (dB)

0.15 0.01933

0.20 0.01797

0.40 0.01437

0.60 0.01280

0.80 , 0.01224

1 0.01160

2 0.01052

3 0.01102

4 0.01226

5 0.01414

6 0.01646

7 0.01917

8 0.02213

9 0.02548

10 0.02919

20 0.08015

30 0.14694
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1. N304 Spectrum Analyzer
2. LISN Miuaue (LISN Proposed-model)
3. LISN 13amsi%d (370nz1Buadaniamuan n)

4. 29vsyanounesaes (Mmihiiu Equipment Under Test: EUT)
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EMC Analyzer Frequency Range:
34 HP / Agilent E7401A * 50 ohms: 9 kHz to 1.5 GHz

Sweep Time:
* Span > 0 Hz: 1 ms to 4000 s
* Span = 0 Hz: 10 ps to 4000 s
* Option AYX: 50 ns to 4000 s
Resolution Bandwidth: 10 Hz to 3 MHz (-3 dB)

Video Bandwidth Range: 30 Hz to 3 MHz

LISN
( Line Impedance Stabilization Networks )

34 EMCO3810-2HP / Agilent 11967D

Lines Plus Ground: 2
Frequency Range: 9 kHz - 30 MHz
Power Source Frequency: 60 Hz (50 Hz optional)
Maximum Current: 10 A
Maximum Voltage:
- 125 VAC Line to Ground
- (250 VAC Line to Ground optional)

Network Inductance Impedance: 50pH / 250pH; 50 ohm

Transient Limiter

U HP / Agilent 11947A

Frequency Range: 9 kHz to 200 MHz
Insertion Loss: 10 dB
Maximum Input Level: 2.5 W (+34dBm) continuous;

10 kW for 10uS Peak; 12 VDC

Vector Network Analyzer

3M Rohde & Schwarz / 1127.8551

Frequency Range:
* 50 ohms: 10 Hz - 9 kHz to 4 GHz
Mode: Impedance
Resistance/Inductance/Capacitance
Scattering
Gain
Phase

Channel: 4 channels
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RF Current Probe

U HP / 84310-80019

Frequency Range:

- 10 kHz - 250 MHz
Maximum Primary Current:

- 100 A for DC — 60 Hz

- 100 A for 400 Hz

- 10 A for Radio Frequency

Transfer Impedance: 5 Q
Connector: BNC type

Impedance/Gain/Phase Analyzer

4 HP / 4194A

I S L MR

Frequency Range:
- 100 Hz — 40 MHz for Impedance
- 10 Hz — 100 MHz for Gain and Phase
Mode: * Impedance
* Resistance/Inductance/Capacitance
* Gain

* Phase
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Wide band Transformer Specification
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Document 116-1

Wideband RF Transformers

These wideband transformersfeature 500 Visolationand
a 1/4 Watt RF power rating. They are offered tapped or
untapped and are packaged in a low-profile DiP-style
plastic case. All pants are available in either a surface
mount versionor a through-hole version that's compatible
with standard DIP sockets. (For a smaller package size
and more values, see our TTWB Series.)

Applications include impedance matching, voltage or
current transformation, DC isolation, balanced/unbal-
anced mixing, matehing, power splitting, coupling and
signal inversion,

Custom wideband transformers with special combina-

tions of impedance ratio, insertion loss, frequency re-
sponse and current handling are also available.

Impedance Pins 13 Pins 6-4
Parl_number ratio  Ipc max Frequency Lmin? DCRmax Lminz DCR max

Schemalic Through-haie Surlace mount’ pri:sec {mA)  (MH2) (#¥H)  (Ohms)  (pH)  (Ohms)

» WB1010-PCL WB1010-SML_ ) 250 0.005-100 780 0.320 780 0.320
WB1010-1-PCL  WB101C-1-SML_ 1:1 250 0.04-175 o5 0.200 95 0.200

WB1015-PCL WB1015-SML_ 15:1 260 0.1-150 80 0.145 51 0.130

2 WB1040-PCL WB1040-SML_ 4:1 250 02-300 95 0.160 25 0.115

s - WB2010-PCL WB2010-SML_ 1:1 250 0.005 - 100 780 0.320 780 0.320
~o§ WB2010-1-PCL  WB2010-1-SML_ 1 250 0.04- 176 95 0.200 95 0.200

3 os WB2040-PCL WB2040-SML_ 4:1 250 0.2-300 95 0.160 25 0.115
. b ™ WB3010-PCL WB3010-SML_ 1:1 250 0.005 - 100 780 0.320 780 0.320
23 E"’ WB3010-1-PCL  WB3010-1-SML_ L H 250 0.04- 175 95 0.200 g5 0.200
2 WB3015-PCL WB3015-SML_ 15:1 250 0.1- 150 80 0.145 51 0.130

$ e WB3040-PCL WB3040-SML_ 4:1 250 0.2-300 95 0.160 25 0.115

1. When ordering, please specily a packaging code:

WB3040-SMLD
Packaging: D = 13” maching ready reel. E1A-481 embossed plastic tape {500 paris per full reels,
B = Less than full resl, In tape, but not machine ready. To have a leader and tader added ($25 charge), use code letter [ instead.

2. Inductance tested @ 100 kHz, 0.1 Vrms, 0 Ade.
3. 500 Vrms isolation, primary to secondary
4.1/4 Watt RF power mating
5. Operating temperature range -40°C to +85°C.
6. Electrical specifications at 25°C.

i & Specifications subject to change without notice.
Please chack our website for latest Information. Document 116-1 Revised 01/31/05

1102 Silver Lake Road Cary, llinois 60013  Phone B47/639-6400 Fax 847/639-1469
# Calora . 2038 E-mail info@coilcrati.com Web hitpifwww,colleralt,com



Wideband RF Transformers

Typical Attenuation vs Current

| 4
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Typical Frequency Response

WB1010, WB2010, WB3010
3 UB bandwidth 0.005 - 100 MHz
0 F=rHT H oy
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2! i i
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< o {{
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Frequency (MHz)
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Document 11

0.010 x DCED'
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For WBADXX, pins 2 end § are removed during mansfacture.
For WB20XX, pin 2 ks remioved during manufacturs

Tamninations: _ NickelAin over copper
Tape and res! for surface mount parts:  500/13”eel 24 mm tape width
For packaging data 200 Tepe and Reel Specifications section.

WB1010-1,WB2010-1, WB3010-1
3 dB bandwidth 0.04 — 175 MHz
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Frequency (MH2)

Specifications subject o change wilhout notice.

Please chack our website for latast Information. Document 116-2 Revised 01/31/05

1102 Siver Lake Road Cary, lllinois 60013 Phone 847/639-6400 Fax 847/639-1469

& Talash e 2005

E-mail info@coilcratt.com Web http:ifwww,coilcrati.com
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PG

" Fischer Custom Communications, Ino. Instrumentation

F-33 Current Probe

The F-33 is for laboratory and field testing. These probes have a small outer diameter,
approximately 71 mm with an internal diameter of 32 mm. The usable frequency range
of the series is from 1 kHz to 250 MHz. The F-33-1 has a typical transfer impedance of
5Q ( 2 dB) over the frequency range of 5 MHz to 250 MHz. The RF current range is
10 amperes CW and 50 amperes peak with a duty cycle of 0.1. The maximum primary
powerline current is 100 amperes from DC-400 Hz. The F-33-2 has similar dimensions
to the F-33-1 and has a nominal transfer impedance of 1Q from 150 kHz to 250 MHz

( £ 2 dB). The model F-33-2 handles 2 amperes CW, 50 amperes pulse and 100
amperes DC to 400 Hz.

F-33-1, F-33-2
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A New Simultaneous Conducted Electromagnetic
Interference Measuring and Testing Device

D. Sakulhirirak', V. Tarateeraseth', W. Khan-ngern', N. Yoothanom’

'King Mongkut's Institute of Technology Ladkrabang (KMITL),
Faculty of Engineering, Bangkok, Thailand, E-mail: s8060210@kmitl.ac.th, vuttiponnet @ hotmail.com, kiveerac @kmitl.ac.th

*Sripatum University, Faculty of Engineering, Bangkok, Thailand, E-mail: nyt@spu.ac.th

Abstract — This paper presents a new device for testing and
investigating conducted disturbances with simultaneous key
parameter measurements. The common and differential modes
form line and neutral are simultaneously measured to provide
the proper common and differential modes levels. Design
techniques for a line impedance stabilization network are
focused on the improvement of air core inductor design for high
self resonant frequency response, and the electromagnetic
interference separation, realized using the S-paramefer. The
measurement results not only via the good agreement of output
impedance and insertion loss of the proposed LISN according
to CISPR 16-1, but also via the characteristics of the
electromagnetic interference separation.

I. INTRCDUCTION

A study of conducted electromagnetic interference (EMI)
emissions is an interesting issue for a long time now because
of the need to find out the EMI components. It is well known
that the EMI measured emissions are a mixture of both the
differential-mode (DM) and the common-mode (CM). It is
always generated from electronic circuits and electronic
equipment. When the noise emissions are not satisfying the
standard limits, it is not easy to find the origin. One of the
difficulties is the lack of diagnostic tools. The basic
instrument for conducted diagnostics is a radio frequency
(RF) current probe due to the standard permission to use it for
testing [1]. However, the problems of RF current probes are
high-price (depended on the bandwidth and rated current) and
the results are only an estimation [2]. This is a reason to start
the conducted disturbance separation research comnsidered
here.

Up to now, there are a lot of published papers describing
the design and evaluation of a separation circuit. The first
such paper was published in 1988 [3]. They propose a circuit
to separate the EMI and evaluate it by using a design filter
technique, but the results are also approximate. Later, paper
[4] starts to define the separation requirements and uses both
of the CM/DM rejection ratios and CM/DM transmission
ratios to prove the circuit. Lastly, paper [5] presents a
literature review, three requirements for the separation circuit,
and evaluation and design.

However, all of them do not consider the effects of line
impedance stabilization network (LISN). An EMI separation
circuit requires both signals from a LISN, line to ground and
neutral to ground. Moreover, all of the evaluations
concentrate on the circuit only, and do not cover the related
equipment. Therefore, this paper presents the complete device

for measuring and diagnosis of EMI simultaneously.

II. THEPROPOSED LISN COMPONENTS DETAILS
Fig. 1 shows the proposed schematic of the LISN,

composed of a LISN circuit and an EMI separator. The
component details are shown in Table 1.
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Fig. 1. The proposed LISN schematic.
TABLE1
PROPOSED LISN COMPONENT VALUES
Component Value Rated
Ry, Ry 39 k(2 1w
VR:.R.; 50 SW
Rs Rg 39 k2 1w
R4, Ry 500 12W
Re Rip 1k 12W
Ry Rip 50 O 12W
Cy, Cy 23 uF 450 Ve
Cs. Cg 7.5 uF 370 Ve
Cs, Cs Cy, Cy 0.47 uF 275V,
Ly, Ly 250 pH 13 A (AWG No.10)
Ls, La 50 uH 13 A (AWG No.10)
T, Ty 780 pH 250 mA (Ipc)
A. Resisters

All of the resistors in this circuit are carbon film type due

to their high performance characteristics at high frequency,
but R; and Ry are wirewound resistors to support high
current.

2008 Asia-Pacific Sympsotum on Electromagnetic Compalibility &
618 19 International Zurich Symposium on Eleciromagnetic Compatibility. 19-22 May 2008, Singapore
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B. Capacitors

Cy-C; are metallized polypropylene and Cs-Cyp are
metallized polyester. The self resonant frequency (SRF) of
the capacitors are provided by the manufacturer. The
measured SRF response, using impedance analyzer, of C,-C,
are about 268 kHz; C;-Cy are about 169 kHz; Cs-C; are about
1 MHz, respectively.

C. Inductors

The L,-L4 are air coil inductors, built on the high durability
and cheap material, polyvinyl chloride (PVC). According to
the test results, the PVC can support a current of at least 10 A
which supplies the continuous load for an hour. The highest
testing temperature is 53 °C lower than the limit 7 °C. The
selected PVC dimensions, length, diameter and thickness, are
120 mm, 48 £ 0.15 mm, and 1.5 + 0.15 mm, respectively. L,
and L; are multi layer inductors to keep the size of the LISN
compact. The equations (1)-(3) are employed for estimating
the number of turns, layers, and turns per layer. For multi-
layer, (1) is first used for calculating the number of turns in a
single layer, then, (2) is used for estimating the outer radius
including the width of wire (7, ). Lastly, (3} is used to find the
number of layers at least to comply with the specified air coil
length. Nevertheless, in case of single-layer inductor, Iy and
L, only equation (1) is applied:

U o

Ay
is a total numbers of turn (turns)
is an inductance (H)
I,,, is a mean magnetic length (m)
A- is a cross section of the core (m”)
M, s a permeability of air (H/m).

N&

where N

2
0.0315. N* (ﬂ%’LJ

L(uH)= - (2)

6[%] + 91, F100m- 1)
where r  is a core inner radius (mm)
r,  is outer radius include the width of wire.

N=(N,-N,)-(N, 12) , 3

where N, is the number of turns per layer (tums)

N, is the number of layers (layers).

From the equations, the 3 layers are selected for L, and L,
to reduce the high stray capacitance and the turns per layer
are 39 turns. For L, and L., the total number of turns is
52 turns while the air gap technique designed is applied for
winding L, — L, to increase the SRF as shown in Fig. 2 (a-b).
The SRF testing for the applied air gap techniques are

increase from that of the normal technique; L, and L, are
about 958 kHz from 735 kHz whereas L, and L are 23 MHz
from 17 MHz. It can be seen that the proposed LISN output
impedance performance is improved at high frequency.

(b) The single-layer Ly — Ly
Hg. 2. The model winding technique for Ly and L.

D. Wideband Transformers

The wideband radio frequency transformer commercial
product (Coilcraft WB-1010) is chosen to separate the CM
and DM due to the high bandwidth response (5 kHz -
100 MHz) and low attenuation (nearly 0 dBm) in the
frequency range 150 kHz — 30 MHz. The outputs of both CM
and DM are defined by Eqns. (4) —(5):

Ve =252 =50-f| @
Vel = [ 5722] 50 - ®

III. ReEALIZED EMI SEPARATOR

In order to realize the EMI separator, there are three
requirements that need to be taken into account as follows
[5)

a) Input impedances are always real 50 Q and are

independent from noise source impedances.

b} Outputs of DM and CM are equal to Eqns (4) and (5),

respectively.

¢) Leakage between the CM and DM at the output

should be small.

For the requirement a) results, because the EMI separator
needs both signals from LISN, the matching impedance
between them is very important to guarantee accurate noise
voltage while the comrect output of noise separation is
following requirement b) and for requirement c), it guarantees
small interference between CM and DM noise measurements.
The EMI separator circuit in paper [5] is selected to combine
with the proposed LISN due to the high performance and
clear characterization as shown in Fig. 3.
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Fig 3. The EMI separator schematic (5).

The input impedance, requirement a), at Port 1 and Port 2
is defined by Eqns. (6)-(9), Z,, and Z,, are free from other
noise source impedances as mentioned. The requirement b) is
realized using the common/differential mode transmission
ratio (CM/DM TR) as defined in Eqns. (10)-(11), the CMTR
and DMTR should be equal to 0 dB (output equal input). For
requirement c), the Eqns. (12)-(13) are used for calculating
the common/differential mode rejection ratio (CM/DM RR),
the CMRR and DMRR should be as small as possible to
guarantee the low interference:

1=, pAZH ®
100
Pl [yt )
100
o =il « = A0 ®
L I,-T
V, v,
2= i i = 500.
N\ §ryae s ©
For CM separator: CMTR = Vooul, Su , Sn (10)
Ve | el 1655
For DM separator. DMTR:!V"A Ve ™ (an
Vo | “0e8, 1+,
For CM separator: DMRR = Yoouly S S c (12)
Veu 1+8,, 148,
For DM separator: CMRR = Vol 0., 55 s (13)
Vo | 148, 145,

where V., is the output voltage of CM noise separator
due to Vi, while V,,, is the output voltage of DM noise
separator due to V,,, .

The scattering parameter (S-parameter) is used to evaluate
the EMI separator characteristics because of advantages such
as: no short or open circuit is needed, can be calibrated to
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exact points of measurement without expensive special
probes calibration, and it is analytically convenient.

IV. EXPERIMENTAL RESULTS

In order to archive the proposed LISN, there are two main
functions that have to be taken into account. First, the LISN
functions, the output impedance of network must meet the
CISPR 16-1 standard and the insertion loss of network should
be small as well as the measured noise level should be closed
to the commercial type. Second, the EMI separation should
be satisfied with previous three requirements.

A. Output Impedance Testing

The network analyzer is used to measure the output
impedance of the proposed LISN because of the standard
requirement. While measuring the line impedance at the BNC
terminal, the neutral port must be connected to the 50 Q
terminator and vice versa for measuring the neutral
impedance.

Fig. 4 shows the high performance of the proposed LISN
output impedance testing results for both line and neutral.
The results are compliant with the CISPR 16-1 standard for a
V-network 50 /50 pH + 5 Q in frequency 9 kHz - 30 MHz.
The impedances in frequency range 9 kHz — 800 kHz are
increased rapidly from 6.4  to 47.7 Q after that the curves
provide the stabilized impedance with 50 £ +20% tolerance.

60 0
o
w"'"% }
o 1
| === Line
1
1 === Neutral

- -
]ll L1
e He 1.
WP W M.

Fig. 4. The line and neutral output impedance testing results.

ETART QO Wie

B. Insertion Loss (IL) Testing

This testing is required by CISPR 16 to know the loss
which results from the LISN components using the network
analyzer. According to the commercial recommendation, the
insertion loss should be higher than -9 dB and lower than
1 dB. Fig. 5 shows the IL testing results for the proposed
LISN for both line and neutral. The lowest value is about
-8 dB at 9 kHz and the highest level is nearly 0 dB in
frequency range 100 kHz to 10 MHz.

- -ﬁ
A""
¥ =T
> e N1 121
mERiiil
- 8 dB < Insertion loss <0
I

Mt eVl STOF 30 MEa

Fig. 5. The insertion loss testing of the proposed LISN.
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C. Conducted EMI Testing

In order to apply the proposed LISN for measuring the
conducted disturbances, comparison results between the
commercial and the proposed LISN are shown in Figs. 6-7,
respectively. The boost converter is used as an EUT; the
interferences for both line-ground and neutral-ground
comparing results are less than 10 dB.

EN sm;}ian_cmm otngt

10 : : + R R = n

0
(St = 0.1, Sp = 30.00) Ml
Fig. 6. The line disturbance comparison results between the

commercial LISN and the proposed LISN.

(Swrt=0.15, 51 = 30MHz
Fig. 7. The neutral disturbance comparison results between the
commercial LISN and the proposed LISN.

D. Three Requirements for EMI Separation Testing

The advantage of the proposed LISN is the EMI separation
function. It can simultaneously measure the common mode,
differential mode, and total noise from line and neutral.
Therefore, the network should test following the three
requirements, as mentioned. The first is measuring the input
impedance of the EMI separation circuit. The result is shown
in Fig 8; impedances Z, and Z; are in the range 50 - 52 Q,
and the phases are in 0 - 2 degrees. It can be proven that the
selected EMI separation circuit to be combined with the
proposed LISN can provide the matched impedance between
line and neutral to ground and the input of EMI separation
circuit.

se Zin

- - A

.ﬂ‘ime i . 1i
B son || Phos Zif1 Zin2 g
'ém zh1 _Ig
E

2

470 3

START 150 WSia STOP 30 MH3
Fig. 8. The input impedance and phase of the EMI separation circuit.

The other requirements are the CMTR and DMRR ratio for
the common mode separation and the DMTR and CMRR for
the differential mode separation. As shown in Fig. 9, the
CMTR and DMTR results are very close to zero; the input
signal and output signal are nearly the same; in contrast, the
results for both DMRR and CMRR are less than - 50 dB.

10~ — q CMTR

(Sert= Qli !qs-.l)WjMH.x

Fig. 9. The input impedance and phase of the EMI separation circuit.

Fig. 10. The construction of the proposed LISN.

V. CONCLUSION

This proposed LISN is designed with four output ports for
not only measuring the total noise from both line and neutral
complying with EMC standards, and the common and
differential mode noise investigation simultaneously. It is
very useful for engineers (o solve the problems from
conducted disturbances and also helpful for designing
optimized EMI filters. The voltage level is 110 - 220 V and
the rated current is 10 A. All of the experimental results can
be achieved by the proposed LISN for existing standard
functions and the optional functions.
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Abstract— This paper propeses how to analyze and design
the Line Impedance Stabilization Network (LISN) The
details are described component churacteristios and how to
design air coil inductors in single and mult layers based on a

high self vesonant frequency response concept. According fo
the CISPR 16-1 standard, the stabilized impedance 50 O of
LISN at frequency range 150 kHz to 30 MHz b proved by
simulation and experimentsl results. The proposed LISN is
successful design the low cost by compare with commercdial
LISN. Finally, the performance of the propused LISN is
achieved comparing to CISPR standard and alse with
commercial LISN.

Index Terms—LISN, AMN, EM), EMC

1. INTRODUCTION

Line Impedance Swbilization Network: LISN or
Anificial Mains Network: AMN is an  important
equipment for measuring the conducied Elcctromagnetic
Interference (EMI) emissions following CISPR  16-1
standard. There are three main functions of LISN or
AMN, Firsily 10 prevenl incoming Radio Frequency (RF)
disturbance from the mains supply, Secondly, to mamtain
the specified impedance st the equipment under test
(EUT) terminal over the working frequency mnge and
finally to couple RF voltage signal from the EUT to the
measuring receiver,

There are two basic types of LISN, the v-network and
the deltr-network. The LISN v-network can be conpled
the unsymmctric voltages: the amplitude of the vector
voltage Vaor ¥ where I is the vector voltage between
one of the main terminals and carth and 1 is vector
voltage between the olher main terminals and eanh. The
LISN delia-neiwork can be coupled the symmeiric
(Differentinl Mode: DM) and asymmetric (Common
Mode: CM) voliages separalely [1].

This paper proposes designing of the artilicial mains
50 Q /50 pH + 5 Q Venetwork by improved sclf resonant
- frequency (SRF) of indoctors as in 2] using air gup
winding technique, To improve the previous researched
work (2], the line/ncutral sclector switch as shown in
Fig 1 is removed becanse of mwo reasons: firstly, mwo
outpul ports can provide voltage signal from linc to ground
and ncutral to ground simubancously as shown in
equalions (1-2), and lastly, this proposed LISN is desipned

1-4244-0645-5/07/520.002007 IEEE

10 apply with other conducted EMI emissions investigated
devices such as DM/CM rejection network (3] or Paul-
Hardin noise sepuration network [4] for more advanced
research opportunities.

Vot =30 U et b)) (h

V:\'m-mmf . 50'("&; ‘!.w’ (2)

where "cu 1% a commom mode curreni
/1y 15 a differential mode currenl

Fig. 1 shows a suilable circult with the component
valies according to CISPR 16-1. These are the
recommendable schematic and component values. It may
be constructed for mse with the current up 10 100 A
Moreover, the recomunended case dimension following
the CISPR is 360x300x 180 mm. [1)

Sclector switch

Fig. | Anificial mains 56 €2 50 gH + 5O Vonetwork.

1L THE PROPOSED SCHEMATIC AND
COMPONENT VALUES

Fig. 2 shows proposed schematic of LISN by cat the
selector switch off and adding some components such as
RsRie. C--Cs and two BNC type N torminals (fomale),
Table [ shows the proposed LISN component values.
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TABLE]
PROPCGED LISN OGMPONENT VALLES
Component Value
Ry, R> WEKQ(W)
R,, Ry 5Q35W)
Rs. Ry K2 W)
R;. Ry LOOD £2 (1/2 W)
C. G _3.3 uF
Cy. Gy Y 1.5 pF
Ca, Cs, Cs, Cy 047 uF
Ly, ko 230 uH
L3, Ly 30 pH

Ly-Ls CCy R; and Re-Rg define the i
Li-Ls. Ci=C: and Ri-R: provide the isolation to spurions
mains signals and mains impedance yarmtions, and C,-Ce
decouples the measuring receiver from mains vollage.

1L Tz CompoNext DETAILS
A. Resisters

All resistors are the carbon type and the folerance
should as small as possible. In fact, the resistor, which
made from carbon has small response with  high

frequency.,
B. Capacitors

The capacitors, C,-C,. have high capacitance. They
shonld have high rated voltape for the safety reason.
Capacitors C,-C. are the metallized polypropylene.
Capacitors Cs-Cy are metallized polyester. The SRF of
capacitors are provided from manufacturcr. The measured
seif resonant frequency (SRF) response, using impedance
analyzer of C,-C, are about 268 kHz Cy-C, arc about
169 kHz and C5-C; are about 1 MHz, respectively.

C. Case of network

The casc of nctwork is mounted on & metal frame,
which is then closed by metal lids. The bottom and side
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lids are perforaled in order to improve the heat
dissipation. The dimension of the case is about
300x280x170 mm. This casc is smaller than the example
case recommended by CISPR 16-1.

0. Inductor core and dimension

This is the key point 10 keep the propesed LISN 1o
cheapest cost. Normally, the solenoidal winding of the
inductor is wound on a coil former of an insulating
malerial. Because of the product cost and temperature
operation, in this paper, the unplasticized polyvinyl
chloride (PVC) pipe is chosen to be as a coil former as
shown in Fig. 3 [5].

Fig. 3. The eoll Former of indoctors

V. AR Cork INDUCTOR DESIGN
A, Caleulations

The inductors, used in propased LISN, arc an air corc
with solenoidal mmlmg The unplasticized polyvinyl
chloride (PVC) pipe is chosco 1o be a coil former. The
lengih. diameter and thickness are 120 mm, 48 & 0.15
mm, and 1.5 £ 0.15 mm, respectively, The maximum
opcrating temperature of PVC pipe is 60 °C [5]. The
munber of tum and wire size can cvaluate by the
equations as shown below [2]:

=

Qe =

where @, is a wire arca (mm”)
I is arated current (A) =
J is a current density (A/mm®)

The wire size can be evaluated following equation (3).
The rated current and currcat deasity are defined to be
oquallomAand1Nm respectively. The wire
diameter is 3.333 mm” and AWG 14 is chosen,
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N= .5:.’-.!-—
J'-"n"-

where ¥ isa total nombers of tum (tums)
L is an inductance (H)
1., isa mean magnetic length (m)
A, is a cross seciion of the core (m°)
Ay 15 a permesbility of air (H/m)

Equation (4) is used specially for calculating the
number of hwm of Ls and L, The calculated result is about

52 twrns by define [, cqual o 120 mm.

Ly and L. design in mwufi layer coil wsing the
Wheeler's formula in equations (5-6) |6).

2
00315 N -[" ‘;’!]

G-lfl-;—ri)d-ﬂl_ﬂo(q-q)

k)= (5)

where 7 isa core inner radius (mm)
7, is anouter radius include the width of wire
{mm)
N:(;\’l -4\";)—(_,\"_' 12) ‘&)
where ¥, is the number of turns per layer (tnms)
N, is the number of layers (lavers)

Equation (3) is ased for designing the mamber of turn
for Ly and L;. The tlree layers were chosen. The result
from equations (3-6) can be found that the number of
turns per layer of Ly and L, is about 39 tumns per layer.

B. Winding Techniques

Ly and L, are designed in multilayer. To limit inter-
winding capacitance effect. air gap is added for reducing
the wm-to-core and stray capacitance. The tum-to-core
capacitance (C,) is equal to Iwo limes of fotal
capacitance (2C,), The stray capacitance (C,) is equal
w C,/u-1 |7). Figs. 4-5 show winding technigue
applied for L, and L,. The SRF measurcment result is
about 960 kHz as shown in Fig. 6.
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Fag 4. Model multikayer windling technique of'L; and Lo

Fig. 5. Mulliluyer winding wilh air gap of Ly and Ly,

Fig. 6. Meamrod impedance characieristics of 1. and 14

L; and L, are single laver with 0.61 mum gap as shown
in Fig. 7-8 and the SRF measurement result is about
23 MHz as shown inFig 9.

Fig 7. Model winding techmique of Ly usd L.
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Fig 8 Single layer winding with air gap of L, snd L.

Fig. 9. Messured impedance charasderisties of 1.5 and Ly,

Actuzlly, the SRF of L, and L4 arc good performance
about 17 MHz cven though they are not added the air gap.
Then the improvement of the SRF also keep the size of
core, the small air gap about 0.6 mm 1s added. But the air
gap of Ly and L, bigger than L; and L, is chosen to
upgrade SRF from about 570 kHz to 960 kHz, Because of
the previous research (2], it has some output impedance
lesing problems at high frequency which could not
comply with the CISFR 16-1 requirement.

V. IMPEDANCE SIMULATION CF PROPOSED LISN

The simulated circuit of propased LISN, neglected the
effect of parssitic elements, is shown m Fig. 10. The AC
sweep function of PSpice program is used to simulate the
impedance st EUT port.

L1 [n )
A T, o S—
B S
2
cabamn CeTosn
ST 4 BN
Ne. MFm ciden o .
mqim LLF 73
g
pat ¥ n
2 . mFm Egn
i ¥z MEP 0% SO
Cafaan
calan
L2 L TAUR
S
By P

Fig. 10. Simulated circuit by PSpice progiam:
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The simulated result is shown in Fig. 11. The curve
increases rapidly in frequency range 30 kHz 1o 300 kHz
and after thal the curve provides the stabilized impedance
gboul 47 Q wntil 30 MHz The simulated result of
proposed LISN shows stabilized impedance [ollowing
standard in frequency range of 150 kHz to 30 MHz

» L

Ptk 0

A
Impedance

p ¥s
:Nk ”{ WO He 00 e L

2 Mida M 0 NH

Fig.11. The impedance ai EUT conoector,

VI. EXPERIMENTAL RESULTS

According to CISPR 16-1, the requirements for LISN
o AMN testing are the cutput impedance and the
insertion loss. But, due to Hmitation of equipment in
laberatery, the msertion loss can not test With these
reasons, the experiment has divided to three subtopics.
The fest experiment is 1o confirm the CISPR 16-)
requirement by measured impedance ot EUT terminals of
propesed LISN. The second is measured the conducted
EMI by using the proposéd LISN comparing with
commercial LISN. Finally, the wemperature of air gap
inductaor is verified

A. Impedance testing method

The impedance measurement, based on CISPR 16-1
methedology, is tested as shown in Fig. 12 [1]. Proadband
load S0 £2 has to connect to BNC RF connector, normally
connected to EMI receiver of proposed LISN, The
impedance of proposed LISN is measured at EUT
terminals between line to ground and neutral to ground
respectively.

Fig. 12. Impedance testing setup.
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The measured impedance from impedance’gain-phase
malyzer, as shown in Figs. 13-14, guarantces that the
propesed LISN can be provided the impedance about
50 £} within =20 % lolerance al frequency tmge
150 kHz-30 MHz for beth line to growd anid neutral o

ground.
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Tig 13 The measized immpedance of propased
LISN s EUT part Line to Ground side.

"N e | 57 P
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Shin TR L. UW SRR
Fig. M. The el irrpedac e ol propesed

LISN at EUT port W eutral to Grownd side.

B. Conducied EMI testing method

In fact, LISN i3 a deviee used to transfer energy 1o
load and to detect the comducted EMI 1o EMI recever.
From these reasons, the proposed 1.JSN has to measiwe
conducted EMI by comparing between the proposed
LISN and the commercial LISN. The conditions are the
fraquency range 150 kilz-30 Mliz following CISPR 22
standard and switching power supply is vsed as an CUT.
Tigs. 15-16 show line to ground and neutral to ground
nose fleor when measured before connecting the EUT.
The conducted EMI measurcd by proposed LISN (blue
line) is nearly close to commercial LISN (red linc) as
shown in Figs 15-18,
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C. Operating lemperature testing method

The operating temperature is measured at the middle
of core winding of proposed LISN by using infrared
thermometer. The testing time period is 60 minutes. The
testing conditions are measured in every 5 minutes pass
and connecting the continuous 8 A load (incandescent
lamp) at EUT connector, From the experimental results as
shown in Fig. 19, it can be scen that the operating
temperature of proposed LISN is about 10 °C less than
maximum tempersture limit of PYC cores of proposed
LISN.

Core Temperuture

#

X
Time (minude)

)
B 1. Lg-aoipt
[ Lo, Loyt

Fig. 19 Tempesature measisearent

Vil ConcrLuson

From all of the experimental results it can be
concluded that the proposed LISN can be provided the
defined impedance 50 Q 220% and RF coupling signal as
the functions of commercinl LISN with a cheaper cust due
to remove the selector switch and change type of inductor
core material from bekalite 1o PVC. The total cost of the
proposed LISN is about 100 US dollars. Finally, the
proposcd LISN has tested with continnous 8 A load at
EUT connector for 60 minutes. The measured temperature
at all devices is less than the wamperatuce limit of devices.

8]

151

(]
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Fig. 20. Top view of Us proposed LISN.
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Abstract-This paper presents the trade-off between EMIL
ssparator and fle RF cuwrromt probe for conducted EMI
measurement. FMI toallil ix wsed ov 2 noise somree for
Investigating cffects from differential mode (DM) and commen:
mode (CWL. PaukMardin noise separation network or EMI
separator Is used as a benchmark te compare with the RF current
probe. The conducted clectromngnetie interference between RF
current probe and EMI sepiratar ks compared by the experiment,
inally, the trade-sll belnween twe measurement melbods is
verified by both theoreticsl and experimentst resolts

T INIREIICTION

Rlectromagnetic  Compatihiliy (EMC) is an  electronic
sysem whieh is adle o functios compatibly  with other
vlectionic systemns and oot producs or be suseeptible o
interference with its environment [1]. The interference can be
divided widely into two grosips: conducted and rediated
interferences. Tn this paper, the <onducted cmission s
emphasized and mentionad 1o separata noise components
Mifferentialhfade; DM and  CammwinnMede: COM)  for
elactiomageetic emvitonment |t g very psefal 1o knnwe noise
eomponcnts in every interested grenit [27 Caperally, there s
twe methods, often used for sepanating noise components. Tho
firt method 15 a ¢lassical measurement using tadio trequency
current prebe {RF cumrent pmbe). The soconé mehod is
measurarent UM and DN by wsing sepacating dovices such as
CMIM discrimimation hetwerk  [3), Pan-Hardin noise
separaticn network [4] and noise separator [5] ete Howewer,
il scparstion neiworks m @S paper are ealled ag the M
separator.

The Equipment Under Test (EUT) in this paper is EMI
wokit, weed for conducted EMI1 stadying in terms of theory
and practice. Fig. 1 shows ouwide of BMI teelkit Bonst
enmvertar is a man patwhich generates EMT - In addinen, a 1ot
of study functions are cambined in the toolkit and it exn be
selected functinnal operation stch g3 s¢)f resonant frequeney
(SRF) of the passive components, reverse recovery time of
diodes, switching frequencies, and gate drive control [6]

To undenstand moise behaviors in & bonw eqnverter, Fig )
can be rewritien W Fig. 2 which includes Line Dnpedasce
Stshilizatton Wetwerk (LIEN) schemstic and two 50 3
terminators. These terminatars sre connected to the RF output

ports of LISN when measurmg by RT curren: peobe Sul when
using Paul Flardin  petwork  these terminators are  nput
impedance of the network ¥, asd V), stand tor phase and
neutral voltage signal, respectively, €, i a  parasitic
capacitanee eansed by MOSFRET () hetween denin and frama
ground via its heat-sink.

Figuze | Toa view of TMILcolki ¢onfimaraion

Yz

-

h T L epp——

Figme 2. Schematic of LTSN and bocss comverter under considerian

L ConpueTon EMI MEASUREMENTS: KF CURRENT PRONE
AND BMT SEPARATOR CONCEPTS

Conducted EMI emission: {5 measured using a LISN as a
S0 4G impedance The DM noise currentif . ) flows out from
ling and retumas via newnral witle the 0 noise current Uoag)
flaws ot fram line ard neuwsl and retarns via prennd wire as
shown in Fig. 2 Byes. (1)43) we ling, neunal and grouml
current and Equs. (9)45) are line and neutral voltages,
respectively (7],
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Figure 3. DM and CM currents fnven LISN.

Lo = Teng + Tou

Dot = tene — 1w 2)
LY o i3)
Ve = 30Uy + ) )
Frome = 30U sy —Trp0) (3)

A RF Current Probe

RF cumrent probe is a clamp-on RF curremt transformer
designed for use with EMT Test ReceiversiSpectrum Anulyzers,
or with any similar instrument haying a $0 2 input impedance,
to determine the intensity of RF current present inan electrical
conductor or group ol conductors [7]. Fig. 4 shows the RF
currend probe within bandwidith 10 kMz - 250 Milz. The
maximum primary current from DC - 400 [z is up to 100 A
and the transfer impedance §2;) s 5 0 [8). The performance
of the RF current probe muy be expressed in terms of sensor
transfer impedance: Eqn. {6). Where ¥ is the vu{!ng:
developed across a 30 £2 termination on the output and £, is
the current Nowing through dye conductor being meastred. The
probe trensfer impedance i often expressed in kevms of JdB
which can be calculated the mensured current from Egn. (7) [9].

(a) Top view {2) Sile view

Figure 4. Toroidal RF curvent probe.
v,
Zy = . (6)
oot
LBy Ad) = ¥, AdB eV y— Z(dB) (7

B.  EMI seporator

Many papers have been discussed and proposed EMI
separators [3-5], [10-11]. They ¢an be separated roughly in two
groups based on magnitude of output signal, single and double
oulput noise. Morcover, in group of double output |4) has no
guaruntee that it can be used representative of RF current probe.

Fig. 5 shows the Paul-Hardin noise scparation network
schematic, There are two important elements; two wideband

207

transformers (1)1 ratio) and single-pole-double-throw {SPDT)
switch, which operate simultaneously [7].

The line-ground volage (¥),.) and neutral-ground voltage
(Vi) are connected to EMI separator, using Fqns. (8) and {9)
t‘m voltage across switch at A and B position respectively,

+ Vinse - + Ve -
7.:- ¥ "’1 o= l’,_,_.‘ y
o 50 0
s
A—8
%20 sz:‘a/.'n
8
AAA
it R, i1
E"ras ey ‘_‘7:--‘|
»
!P—\W-t
W e 2,

Figare 5. Pgul-Haodin noise sepsration petswork schamatbe,

Wi ~¥oah =P + Fou|~{For ~Voul=[2Vou ®

Wic +¥c] =1Fare + Four| +Woar = Voue =[2¥ess| (9
or Izybul‘l"r.a“V.vclﬂso'!”m:l (n
[V euel =W + Vig| = 50- 124, | (n

The output is |V, = V| for 2¢,,, defined by Egn. (8) and
o +Fy| for 20, d::tmcd by Egr. (9) and lastly, leaknyge
bclwcnlhrDMundCMnllhcuu&pﬂahmldbcmmllbm.nmc
nevise measurement between the DM and CM must be
guargnteed small mterference [5]. The impedance of two inputs
are 50 £ within 20 percent tolerance according to CISPR 16-1
standard because both of them have to connected with LISNs.
The CM oulput impedance of network is very closed to S0 Q)
(in range 45 Q - 50 Q ut 130 kHz — 30MHz) but for DM
output  impedance s neardy  20%  tolerance  from
50 £ (35 2 - 50 02} as shown in Fig. 7. The performance of
EMI separator can be described in term of rejection nitenuation
value of both modes; some papers call “CM/DM rejection
matio™ [2], [10] as shown in Fig. 8.

(1) Duasidic
Figare 6, Pand-Hardin noise soparsiion metwork,

(b} Iusice
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Tebude kv kg

Guns lii%‘.v‘ X000 MEe
Figwz 8 CM mid DM rej ectiom,

1L MEASUREMENT METHCD S

A, RF Cwrent Fioke Mecoadremernt

Figs. @ (a)-b} skow basically method to measure 0 ard
CM noise, respectively  However. the measured resulie of DM
ard Ch are €ouble (27 and 27, ) caused by snmeof sorrent
vactars in same directicn, The currat probe is usually clamped
betvreen the ZUT and the LISN as near as possible. In some
EMC standand cuorrent probes, such as the DER STAN 59.4)
LCEUL, have to awry 5 em from thee LISN connection on the
power lead [7].

[0) Measured 2D\ noise 7 (b} Mennured 2CM nose

Figare 5. RF Cutran probe messuremzse method.

L. EM sepavator Measiremernt

The seoord method 10 measure DM und CM noise
components are disolayed in Fig. 10. LISN-1 couples veltage
from line-ground while LISN-2 couples vollage from neutrzl-
ground. Output of scparates 1s connected with 30 0 termiral of
spectrum anelyzer In addition, coaxial cubles (50 (3} with
BN connectar are vonnested with two RF output termingls of
LISNs for coupling Ime-ground and neutal-ground signal
simultaneously.

208

A L Sunmly
et

l Separainr

Figure 10 EMI separmor measarenent wethod.

IV EXPERDMENTAL HBSULTS

In this section, noise floor bebween the RF current probe and
EMI separator are moasurad first for using as reference levels
These are thiee pase floors: RF currert probe, M EMI
separation and 1D EMI separation which are tho same lewel of
nvise flooss about 25 dB,

Measured résults of 207, and 277, ave divided irta three
soctions by eomparison results barwveen RF currant probs and
EMI separator, Firstly, aoise source is -nweasured without filter
componeats this iy @ full noise conldition s shown in Figy, 11-
12 Seoandly, adding two X.capseitors between lire and
neuwal, 0.47 UF. a8 shown in Tigs. 13-14. which show DM and
CM comparing bebwvemt RF current probe and EMI separator
withand without Giltes components A dush line prefers (o EMI
measured ~esult when fiker components arc adéed in the
circuit. Fisally, two Y-capacitors are added across line-ground

and newrel-ground, 0.2 uF, s showe in Figs. 13-16.
oy
i
b
-
™
£l
5
.
» .
» L™ ﬂ}--'t- JP“:|
"
]

; S0 l*”h; = 3500 MH:
Figure 11. The conpmism ef 2w, betwesn RY cument piole mud

EMI scpoarseec.
oy
e

w— — R . |

"
(W = 309, Sl = 53905 Mata
Figum 12 The compadzon of 8, betwein RF cnoest probe and
EMI sepocicr.
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e 1% S = Hwip
Fgoe 13 The coumpurism of = wheti widing C. Mk bewem

RF carrent probe and EMI separmor.

-rnxnanaz!EE

Frgae 14 The corpwion of 25 when wmiding O,

RF carre probe and EMI separmor,

eV

ST T TR

in

(%0 =00 1 % = M 200 L
Fgue 13 The conpriion of 17, whoo stllise C, fille resulle beoweru
RF carrert probeend EMI separmor.

I (qunu t.‘t!u

WII’,“-!M’UH&
Pawe 16 The conmparison of 27, when adding C, filler resulls bewem
RF carrece probe 2nd BMI separmor,

V. ANaLYsIS

From Eqn. (6), the nawfer unpedunce of the curet probe
{Z,) is 5 02 and the measured cument 7, is represented
by 21, or2l,, m follows;

‘T‘urr'.r; (3) (ucu) and ’umq (53(2 92 az)

209

Where F o, and V.o e commen mede and
differential mode output voltage measured by REF current probe
respectvely.

Then, multiplication Eqn. (12) by two to compare with Rqns.
(10)11) and inverting them to dB valves using logarithm
Finetion

The compared results show the dillerent value between
using RF cument probhe and EMI npwm-abont 1198 AR

The expaimental resalts as shown in Figa 11-12, can be
realized by the theoretical expression sz mention. “ig 13
shows the perlurmance of X capacior {lters. The DM EMI 25
deareased aboul 20 dB while the CM EMI has o btle changed
as shown in Fig. 14 ad the dilfecence between RF currsul
prebe and EMT separator stll abowr 14 dB. Figs. 15-16 show
EMI results which are mitigated by Y capreitos  The
performance of C; can suppress aaisc about 5 dB for common
e and nearly O dB for dilferantial mode

Y1 CONCLUSIONS

The scparation of condieted EMI measurcment, messured
by RF eutent probe snd EMI sepanator, is compured. The
attecation vaive between RF custent prode and EMI separator
iz bont 14 R, realized by the theorenical and expenmental
resulls, The performunce of EMI sepavator has been realized
using the convement FUT as EMI taolkit. However, it should
ke noted that die EMI sopacstor. which is low oost, can he used
at low-medinm power level because the satumtion of widcband
traysformer while the RF current probe cim be covered the high
level.
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ABSTRACT

The analysis and design of Line Impedance
Stabilization Network (TISN) 1= presented. The detuils
will be destribel how to desipn sl stabiloee the
impedance of LiSN at frequency range 150 kHz to X
MHz following CTSPR 16-) stmdsrd The impedance
response of pessive components: resistor, inducter and
capecitor will be measwred to wlenufy the component
parasitic. The comparison of simulaed and measured
result will be done and analyzed. The low cost and good
impedance of the respanse are achieved, for m-house test,
comparing 1o CTSPR standard and slso with sommercinl
LISN.

Keywords: LISN, ANDN, EMI, EMC

L INTRODUCTION

It 13 well knewn that the Line Impedancs
Stabi lization Netwrork (LISN ) or artificial mains netwark
(ANDY) is one of the measurement devices for megsuring
the conducted EMI, Acconding to CISPR 16-1, LISN or
AMN has w fulfill three functions: firstly, to manmin
the impedance over the working frequency mnge to the
egquipment under test (ELTS. Secondly, 1o Glter incoming
Ruhio Frequency (RF) neise [rom the muing supply snd
[inally, to provide @ matched 50 chm RT” connection 10
the EMI receiver [1-2].

‘This paper focuses on how to design the antificial
mainsg 51 Q450 pH + 35 O Venstwork following CTSPR
16-1 step-hy-step with the low cosl vconsiderstion.
Furthermore, 1o gugrantes the performance of simplified
LISN. the camponent characteristics at high frequency,
impedance analysis by DPSpiec simulation program 18
compared with the measured results. The measured
resulls of conducted EMI compared hetween the standard
LISN und smplilied LISN end the salely opérsting
current of simplified LISN will be proved.

2. THE SCITEMATIC OF SIMPLITIED LISN
According 1o CISFR [6-], the sxample ol artilicial

mams SO L2750l 50 V-network anl component

values are shown in Fiz 1 and Table 1. respectively [1]

j
{

r
Fig.1:

An artificial mains 30 2 7 30 01+ 5 Q Venetwork

Table 1: Components and vatues of 308 7 SO0 puH + 58

~network
Component Value
R, 50
R. 100
Ka 1) §2
'R.‘ 500
R,y 500
{inpul impedance the meusuring
receiver)
Cy 8l
C; 4 |.1.§.T
s (.28 uF
Ly 50 M
L3 250 ull

Fig.2: The schemanc of simplified LISN
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Table 2: Simplified LISN component values
Component Value
R), R, 3,900 Q{1 W)
Rs, Ry SQ(W)
Rs, Rs 3.900 Q2 (1 W)
R; 0012w
Ry 1,000 £ (1/2 W)
C. G IpF
Gy, Cy 8 wF
Cs, Co, Cr 0.47 pF
Ly, la 250 pH
g 50 uH

In Fig. 2 and Table 2 are presented the simplified
LISN schematic and component values similar with the
CISPR I6-1. Fig. 3 shows the top view ol the Simplified
LISN.

Fig.3: Top view of the simplified LISN

J. THE INDUCTOR AND CAPACITOR
CHARACTERISTICS AT HIGH FREQUENCY

Normally. the LISN is composed of a passive
devices; inductors, capacitors and resisiors. This section
will show the impedance charactenistics of devices as a
function of frequency rmge from 150 kHz 10 30 MHz In
the final paper, the procedure lo evaluate the inductors,
comphed with CISPR 16, will b¢ provided in the details,

Inductors

The inductance of L, and L; are 250 |H measused
by impedance analyzer. The design inductor is shown in
Fig. 4 and Fig. 5 is the measured impedance
charactenistics of the inductors.

T END

" v e me

Fig.5: Measired impedance choracteristics of Ly and L

Inductance of Ly and L, arc about 250 pH before 250
kHz approximately. Svbscquemly, the sclf resonant
frequency (SRF) of L, and L, is around 735 kHaz.

The inductance amd parasilic resistance inside
indnctors Ly - L, are shown in Fig. 5 - 6. Induciance of Ly
and L, are about 30 pH al frequency 6 MHz and the
SRFs are 17 MHz by approximately as shown in Fig, 6,

i teiyy SOM TR

o

L

a E R ke " 130 000 000 H

RIS~ B d 12 000 900008 Hz
Fig.6: Measured impedance charactevisiios of Ly and L,
Capacitory

There are two tvpes of the capacitors that used in
simplified LISN: the metallized polypropylene AC (C, -
C,) and the metallized polyester (Cs- Co). C; and Coare 3
pF, Cyand C, are 8 pF and C,, C; and C, are 0,47 yF.
The capacitor as shown in Fig. 7 is composed of
capacitance (C), pamsitic resistance (R.) and parsitic
inductance (L,). Figs. 8 - 10 show the characieristics of
C, to C-, respectively.
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Fig. 7: Equivalent cirewil of a capacitor af high
Jrequency
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Fig.8: Measured hnpedance charucteristies of Crand Cs
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Fig.9: AMeasured impedance characieristios of Cs ond (7
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Fig. 10: Measwred impedance chavacteristiox of Cy fo C;

Ihe eapacitances of C; and C; are 3 pF in frequency
range 150 kilz to 315 kllz C; and C; are 8 yF in
froquency range 50 Hz 10 115 kHz and Cs — C; arc
0.47 yF in frequency range 150 kllz o 985 kilz.

4. SIMULATION

The simulated circuit of simplified LISN, neglected
the effect of pamsibc clements. is shown m Fig, 11, The
AC sweep lunclion of PSpice program is used 1o
simulate the impedance at EUT port

2P4-11
e »
[ d >
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o -f - ! - ! wFe
e
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» -
g
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Fig.41; Simulated circeil by PSpice program
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Fliy. 12; The impedance af EUT gommecior
The simulated result is shown in Fig. 12, The cunve
increases npidly m frequency range 30 kHy o 300 kHz
and after that the curve provides the stabilized impedance
about 4% Q wntil 30 MHz The simulaicd result of
simplified LISN shows stabilizsd impedance following
standard in frequency range of 150 kHz to 30 MHz.

5 FINAL PAPER

- In the final paper. the procedure for designing the
indnciors in single layer and wmuolti layers complicd
with CISPR 16-1 standard will be presented

- The temperatre limitation of simplificd LISN will be
proved by lesling with vanous operting currenl for
guarantee the tomperature safety operating of the
sinplified LISN.
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ABSTRACT

An ¢lfective simplificd Line Impedance Stibilization
Network (LISN) is presenicd. The details are described
how to design and sabilize the impedance of LISN at
frequency range 150 kM2 10 30 MHz following CISPR
16-1 standard. The wnpedance response of - passive
components:  resistor, imducior and  capacitor  ome
measared 10 idemtify the componenl  parasitic. The
comparison of simmlaed and wensured resull 5 done and

analvzed. The low cost and good impedance of the

response arc achicyed companing to CISPR standird and
also with commercial LISN.

Kevwonts: LISN, AMN, EMI, EMC

LINTRODUCTION

s well kicwn tsw the  Line ‘
Stabilization Network {LISMy or anificial mpins network
(AMN) is one of the measurement devices for mensuring
ihe conductad BEMI. According 1o CISPR 16-1, LISN or
AMN has to fulfill three functions: fiestly, 10 masmain the
impedance over the working frequency range 1o the
equipment mrder 1est (EUTY, Secondly, 10 filler ingoming
Radio Frequency (RF) noise from the mains supply and
finally, o provide a matched 50 obm RF connection to
the EPT receiver | 1-2],

This paper focnses on how 1o destgn the anificial
muains 30 (30 pH + 3 0 V-norwork following CISPR
161 stepby-step with the Jow cost consideration
Furthermore, to guasatee the performance of simplified
LISKN, the component characsemstics at high frequency.
impedance nnalysis by PSpice simulation program is
compared with the mcasured results, The measured
resulis of conducted EMI compared between the standard
LISN and simplificd LISN and the safcty opocmting
surrem of simplificd LISN will be proved.

2. THE SCHEMETIC OF SIMPLIFIED LISN

According 1o CISPR 16-1, the cxample of amificinl
mains 50 £2 /50 pH + 5 22 V-network and component
vatlues e shown in Fig. | and Table 1, respectivety [1].

The 2006 £07 e

L)
=

R
=

AT [

FigiJ: An artificial mains 302 7 30wl + 5 3 Venetwork

Table 1: Components and voltes of
J0 Q50 ¢ 5 Q Vapetwork:

Component Vbt
R, 50
R, 100
Ry 1,000 £2
Ry 00
R. w0

(et diepalince the measining e ver |
C; 8 pF
C; 4 pF
G 025 pF
L, 30 pH
L. 24 p.H

Fig.2: The schematic of simplifiect LAY
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Tahle 2: Simplified LISN component valnes

Value
Ry, R- 900 2 (1 W)
Ry Ry QW
Rs Ry 3900 2 (1 W)
Ry S00{12.W)
R 1000 @ (112 W)
C.C 3 pF
C.. Cs 8 uF
Ce Ce €y 047 uF
Ly Ly 250 pH
Ly Ly 30 pH

In Fig. 2 and Table 2 are prosented the simplified
LISN schematic and componomd values similar with the
CISPR 16-1.

3. THE COMPONENT CHARACTERISTICS AT
HIGH FREQUENCY
Normelly, the LISN I8 composed of i passme
devices: inductors, capacitors and resistors. Tlis section
shows ihe impedance chasacteristics of devices as a
fungtion of frequency mnge from 150 kHz @ 30 MHz.

3.1 Fnduciors

The inductunce of 1., and L are 250 pH measurcd by
impedance fumlyzer, The equivalent chrcnl of mducior al
high Trequency is shown in Fig. 3 and Fis. 4 is the
measured impedance chamacieristics of the indociers.

e
i

Fig. 3: Equivalent cirewit of an indieior al high freguency

u-. t‘
mum -
T ‘1"‘.— 2
EERESE T B e v
odsed i
= STOP 20000 LA He

Figdr Measwred impedance oharacierisiics of Ly and £

Inductance of L and L; are about 250 pH before 250
kHz approximadely. Sobsequenthy, the sell resonant
frequency (SRF) of L, and L, is apound 735 kHz.

The indoctance ond parasitic resistance  inside
induciors Ly - L, are shown in Fig, 4 - 5. Inductance of L,
and L are about 30 pH ot Megquency 6 MHz and the SRFs
are 17 MHx by approximately as shown in Fig. 5.
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i ok " 'hW"-i'
1 lnam ey |
v i pa
f 4 . 7{ - -
E- I T i s

- e o7 S B 'f.i.

(R e 0966 93 08 4

Fig. §: Meaxwred bnpedance charncterisies of Ly amd 1.4

3,2 Capucitors.

There are wo types of the capacitors that used in
simplificd LISN; the metallized polypropylene AC
{C, ~ Cy) and the inetallized polyester (Cs- C:) C, and C;
are 3 HF.C|MC4MS}IF&MC1. Cy and C: are
047 pF. The cquivalent circoit of a capacitor 2t high
frequency a8 shown in Fig. 6 is composed of capacitance
{C). parssitic resistance (R,) and pansitic induciance
(L. Figs. 7 - 9show the characieristics of C, o C-
respéciively,

; C
c"'L'"\Jn"lo

Fig.6: Fauivalent civewit of a capacitor at high frequency

B

- - e - i
L — g
—{ vsskbe [T
o i e o N T P
E_ = A € J—

130802 M s
34 060 300 000 Fz

eI e
ETIE

Fig.9: Measwred impechance charocteristics af Cyro O
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The ¢ es of C) and C; are 3 pF i fregoency
ange |5|JkH!|0 1S H"&C;BMC4N‘E“|IF|B
frequency range 30 Hz o 115 kHz and C, - C- are 0.47
WF in frequency range 150 kHz 1o 985 kHz,

3.3 Resistors
anthcmmdmzhs,lmbcconclumdlhll
he i chamcteristics of carbon resistor, used in

simplificd LISN, are ot 3 function of frequency range
from 150 kHz 10 30 MHz,

4. IMPEDANCE SIMULATION

The simulsted cleonit of dmgplified LISN, neplecied
the effect of parsisc ckemenls, is shown in Fig. 10. The
AC swerp function of PSpice program is used to simulaie
ihe impedance M EUT pon,

G e
Wira
4 | 84 -
1 f 12
(Q;:.-. R =
L P LR
% * 2 = 1 A
w ‘- W 159
~ - e

Fig. 18: Showdened clrenit by PSpice progeom

LE14] /‘— _1

.
1 A

Wiy WA

Vv Sabbe  IMIw b L] it

Fig. I1: The impedance at EXT comoctor

The simulated result is shown in Fig. 1L The curve
incresses mapadly in frequency mage 30 kHZ 1o 300 kHz
and after that the carve provides the siabilized impedance
abowl 48 12 wotil 30 MHz, The simmbited resolt of
simplificd LISN shows stabiliacd impedance following
standard in frequency mnge of 130 kHz to 30 MH2

S INDUCTOR DESIGN

This stction is mentioned 1o particulardy design
induciors. Two subsections are described; the air core
inducior design and winding techaigues.

51 Alr Core Inductor Deskgn

The inductors, nsed in simplified LISN, are an abr
core with solenoidal winding. The unplasticized
polyvinyl chleride (PVC) pipe is chosen 1o be a coil
former. The lengih, dinneter and thickness are 100 s,
18 & 0,15 mm and 1% & (.13 mm. respectively, The
maximum operating temperature of PVC pipe is 60 °C
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[4]. The pumbers of tum and wire size can cvihme by
nsing the equations below [5];

L m

A gty

N is the mumbers of tum {ums)

L s ihe inductance (H)

4, is the mean magnetic Jength (m)
A5 the cross section of the core (m°)
A, 15 the permcability of air

Equation (1) shows the mumbess of urn of L) - L,
The calculated result following cquation (1) is about M1
turms for L; and Lz ond 50 tumns for Ly and Ly The wire
slre can be evaluared Folkowiing expuation {2)

')

ﬂ-m TS

where

(2)

&, is the wire arca (')
{15 the current (A} :
4 whe current depsity (Adn)

The cwrend and cwrrent dcnsm arc defined 10 be
equal fo 10 A and 3 A/ mn’, respectively. The win
diameter i$ 3,333 mm’ and SWG 14 Is chosen.

5.2 Winding Techniques

The L, and L are wond on o coil fonuer in three
layens with 32 tumns per layer as shown in Fig. 12 while
L+ and L. are also wound on # coil sume size of former
with 50 twms of & singe Liyer os shown in Fig, 13,

where

Fig. 12: Indwetors Ly and 1. winding techuique

o O O O o o O OO
- L3 "4 £ = x = L3 <

Fig 13; Inductors Ly and L, winding technique

6. EXPERIMENTAL RESULTS

In this topic, the cxperimemt has divided 1o two
sublopics. The finst experimen is to confinmn the CISPR
16-1 rexirement by measared impedance at EUT pon of
LlSN.moomhm:dEMlnmmmuhs lsmgthc
simplified LISN  comparing with standard LISN is
Ivestigated i the 1as) experdment,

ECTI-CON 20086
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6.1 Impedance testing method

Fip. 14: Impedance testing setup

Fig. 14 shows the impedance tesling seiup based on
CISPR 16-1 [2). Broadband load 50 Q has 10 conneet 1o
BNC connector, normally connected 1o EMI receiver. of
simplified LISN. The impedance of simplified LISN is
measured al EUT port between line fo ground and nesiral
to ground. The measured impedance from impedance /
gain-phase analyzer, as shown in Fig. 15, guarantees that
the simplified LTSN can be proyided the intpedance abow
50 Q at frequency mange 150 kHz — 30 MHz for both L-G
and N-G.

. i . Baa” na i - | 3
e [} i e w Preear g .
e o S T e " .

Impedance

= ‘. -
S e 31 55
kg - -

-5
B LI GETEY  ESEMD s
L T

= WA S

Fig. 15: The measured impedance of simplified
LISN at EUT port

6.2 Conducted EMI testing method

In fact, LISN is a deviee uscd to temsfer cnergy to
Joad and to detect the conducted EMI to EMI receiver.
From this reason, the simplified LISN has 1o test the
conducted by comparing between the simplified LISN
and (he standard LISN, The conditions are the frequency
range 150 kHz — 30 MHz following CISPR 22 siandard
|3] and boost converter is used as an EUT. The conducted
EMI measured by simplified LISN is neardy close 10
standard LISN as shown in Figs. 16-17. Furthcrmore, the
measured temperature at inductors of simplified LISN
when connecting the conlinuous 8 A load (incandescent
lamp) at EUT conncctor for 30 minutes is about 40 °C,

7. CONCLUSION

From the cxpenmental results. it can be concluded
thai the simplified LISN can be provided the functions
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as a standard LISN with a cheapest cost. However, the
mcasured impedince at EUT port of g simplified LISN
has an crror at beginning and cnd of froguency range
(150 kHz — 30 MHz). Finally. the simplified LISN has
tested with continuons 8 A load at EUT connector for
30 minutcs. The measurcd tcmperature at all devices is
less than the temperature limii of devices.

absV

w i :

" A4 :

1]

0

w )

I

» | : |

o 1 Wwa e Sirpiifing | XS4

R — T S r
wemnen Grpibid [LISK 1 Freyaency (0E) w

Fig. 16: The measured Noise floor
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e Stan (N4 LITX ' *
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Fip. I7: The measured conducted EM!

Fig.18: Topview of the simplijied LISN
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