HANOTYANGIN NITVOHINA W IANTTIkK

O o
ReCCIT TENUAUUANLIT
KEMITL
Final Report
o > 1 1
aunsnluendaInsunIulunanas N TUN AR AN
Noise Separator
Q/ v = g v a
W lasanig 77, AT TR
UNIag
EWIEINI iAABULND megAnus genelan
WEURIm Yayna WEEUNN NTIWRA
WEnANT aaNAalAIns st ung faaiug
WIBRIUN WU WA A395R1
WILANYE NYTANIAT WEA9S ANARTIN
WEaUd g1mmandt WIHUTAIT. 1ALIAS
WO HOUENUE IWyadTRiIAA Mr. Chanthea Khun
ve
L4 a oa a o v o v i =3 Wg/
viaafiRnsaduanudiuldniawimantnga 3 \63 9
dninddunsdemuazimatuladansaume @b a 5’ c
aniumalulatinszaanin@idgnmmsaianszila iy ;...:‘§ é4

@amsiiou

Sugdond. 13 0.8 255!

AU W.A. 2550

Electromagnetic Compatibility Laboratory

Research Center for Communications and Information Technology

King Mongkut's Institute of Technology Ladkraban P =~
g g ay g \\ “‘LMU(\A

September 2007 .; oy OICOO'l'C...-!"..'...'
..iti”’..'ll lllllll Setsscsesssntecsnne




naRAnssNUsznA

o/

Tuunnaesanedast 1eraunm drinsuanenssunMsidawiennf Tunislimuasyuns

o/

= d} o a 14 = ¢ = r-‘; 9 o oo
Q@ﬂLWﬂW%Ju']Lﬂ?‘iﬂ'Eﬂ@ wALdIAN ANWINEIAARS wazinalulat LW’ﬂlﬂﬂﬁﬁ‘Q@ﬂUi‘?@ﬁ’]N

o

Tngsrasd uazaaugm Tasenisdinddenisfearsuazmaluladiansaumnd (ReCCIT) anntiu

wmalulatinszaaninddigaunmsanansyie  UszdnThuilszanns w.a. 2550 29Rusuilszann
87,494 U

¥
a e A

1999UAN 9A.07. Iszitnd TuRu Fauihiasensidugdivuadadeddell uazanvausns

= o o) Qo 1 A 1 0 a o 4
aninlu deslfimnisanudiulimasuiméniniia Eme) Al¥aansondalunimaades]



UNANER

Im\mufaﬁuﬁlﬂum?ﬁm:mmsd”mwammﬁrgcqu?umumimﬁniw“ﬂﬁﬁmmmwﬁqﬁq
'j”mqﬂ?:mﬁmmmuﬁ%ﬂlﬁm%qﬁqﬁmmum@mmLLﬂnﬁ:yty']mmmuLujm'ﬁn‘Mﬁﬁ %dﬁ@mauu“ﬁlu
nsusndyaasunavluluuanasonuasinuanadeananti  anneanimmasesasldiny
f?mna‘zu@mmﬁ'gmﬂuﬁqLﬂ?ﬂuLﬁﬂumﬂmnﬁn&lmﬂwumumjmz‘in”LWﬁ'] Lﬁmmm‘lﬁ’tﬁud'\‘gmmn
dyanmusunauusimanlifinainsalduniinsudanszuaauiigels Ieefidaulalunmasesly
nedhidu nissiauazlisiauduszinaaufausinsIufrecsasyadrauneiiaes, nsined
mwﬁ'aﬁm%qmﬁmq MM RAIMAIL AN SAUAT TR %'\1mmmmm’l,ummﬂnﬁtyn&nmmmu
wimdnlifineenaniuldtussifuilsslenflunisiinaes HATNIIRBNULILNATNTRIRY QY 0s

sunauudinan Wi (EMI filter) I wunzausialyl

I



Abstract

This project presents the study of the conducted EM! emission measurement. The aim of
this work is to study about building a prototype of common mode (CM) and difference mode
(DM) separator. The experimental results have been compared with the RF current probe to
ensure the result. Electromagnetic interference (EMI) results have been tested in various
conditions such as with/without heat-sink to ground of the boost con\)erter, switching frequency
variation and hard/soft switching.

The achievement of this work can be applied for analysis in CM and DM of the EMI filter.
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Hlounszuadnlfaanasinin Aazifanismilantdisesauuudwmdniniinsens fatd Tasaziiaw
Wuresauuudimdnuiinszanesay] ftiitsrunnd 510 cm. Fan1siaAnszua liinduaunsad

1'% o ©° o o ) 1% @Y v dl
vadaefin ludnenznsRusaLvTauuLnnsadaalaamsafild 49 RF current probe av@nAe
WaNN"99949 Hall effect Tunisasaadnaunudimaniniiiidensauaneson Inefdoycyrnisunou
ulwmdnwfinfieanann RF current probe azaanunlugtuuuaasusssulnin dedeyornilidu

dl d. ! o/ di o o/ ©
axnsaNasansanuIATaddad U IRINAEIAQUT (Spectrum analyzer) CHIES

gﬂﬁ 2.4 RF current probe Model F33-1

< om
M19199 2.1 AANLAYDY RF current probe

Drawing | A B C| z | dB pc- | 400H RF
Model Connector Pulse Freq.
No. |1D.|0D.|H || 60Hz |z | (cw)
10kHz -
33-1 1 32| 71 19| 5 | 14 BNC 100 100 10 50
250MHz




F-33-1, F-33-2

ok F-33-1
2 oF _
Sa : F-33-2
71
—- 9
e a0
a8
bt
&
F
w4 -
0 A A 5 ) 5 —— - . T
OISz GO0INMH:  QMM: hikin FORHE  W00MHz:  TO00MHz

FREQUENCY

g1l 2.5 nswinnuaniBaas RF current probe Model F33-1

PROBE IS SPLIT
FOR EASY CABLE
PLACEMENT

\ PROBE OUTPUT CABLE
CABLE UNDER TEST TO EMI METER

d o’ o os O
51l91 2.6 AnwurnNIiAANLAIUILaN RF current probe




H FIELD AROUND THE CONDUCTOR

CONDUCTOR CARRYING

A CURRENT

CURRENT FLOWING IN
CONDUCTOR UNDER TEST

BASIC RF CURRENT PROBE

OUTPUT TO PICK UP COIL

EMI METER

Q\ SPLIT FERRITE TOROID

V’ CONCENTRATES H FIELD

AROUND CABLE UNDER TEST
THROUGH PICK UP COIL

g1l#1 2.7 ndnn1auguaes RF current probe

o 73 s \ 4 Al o @ 'S
mngi_lw 2.7 wpuannagasm (Toroidal ferrite core) ALUAARIANUTALILNULUANNDTAL ABE

g

dl [ v d‘ o 1 (=3 dl a e © dl o dl o
‘N@zLﬂu[ﬂ’J?Uﬂ’]i‘muﬂqu’ﬂl@\ﬂﬂuquLLNLW@ﬂ1V\|ﬁ’1ﬂLﬂﬂ@’1ﬂﬂﬁﬂ[ﬂQM'WM’]N’WIﬂZQ@‘LI AITINULAIUN

apsdunusinan iR st azdeinullfastasindyqrnminantisiaii (Spectrum analyzer)

[ dll @ =l

] 1 ] v
4 aaaaTiusavunuarlsifinansznuiifaannnszualinaluane i Wesannunundniaineiu

1 14
=

avflguaniRaasnisaudalunnuimdn manzdnlagea¥raunumdnfldduionnainansusiinén

(ferromagnetic) waz RF current probe Faanasolienuiinanangaasinanssualniingald

ﬂmuLm'mfﬁn"l,wﬂ'mwluunumﬁnwm@ﬂﬁ@:Lﬁmm@mﬁmﬁwmmmmmmé‘i‘n”l,w“h'] Tnel

alddrynnasenfsfisanunan RF current probe deazegluguinassusafilutiin Geanunsn

LAANNNT LD
Vout =_ kluANﬂcond. (25)
~ v v
we vV, = LNAUATUAAN
k = AP

7 = AnmonudnFuaunudivan iwinaesnan



A = CSA of Core

N = AUUTAL

f = mﬂuﬁ'

I = nazud Ifin luanesianin

cond

Output to coaxial cable 50 Q

impedance

o

Secondary

Power line current can
i \
saturate ferrite core

Electrostatic shield
(CASE)

/
2 X4 mM i(f)
Transformed down 5‘& / i =

load depleted into . Primary Power line AC or DC heavy

primary circuit (TEST SAMPLE LEAD) current fIbWing through
conductor under test

O

gﬂﬁ 2.8 RF current probe is transformer -

RF current probe azlduannisaasniswliaaninszusflalunisdndynsunou

1
a

ualmEnlndin Fedryeyansstnauusimdniniinffnaenunazagiugtuunaasussiiliin aanguli
2.8 tuasiudauzasinseairandniiderlu RF current probe Felnseatraiidrdydounilaide
Electrostatic shield azinmiiniflesfunisfansazanndsnuszndneamaannelufuatesoring
tumegew gi_Imemaumﬂﬁgﬂmmma*timi@u%uﬁu.mwf (Transfer impedance) #1H1TOUAAY

9 o/ c’l’
18isast

cond
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=
=)
~
[

» upssuanennnaliBuiuaud 50 Q

I nszua il luanasnia

cond

RMNFNN1IN 2.6 AnnsaesuneldAeBuiuaud 1Q arliiAiusedusanun 1 Vot e
Anseug 1 Ampere Arzasnsdralaudnfuaudansnsauandlunssenuasindiollidlugli 2.9
(a)  Femwdildluannisd 2.5 srunsaldlifluaaudndasnds 100 kHz §rpsantganas

¥ o & K 1 [ » .
A8nUU RF current probe AZAANANUNAN mmﬂﬂa‘znﬂml,thmﬂiufqﬂmm (Self — resonance) Waz

ANTsgayiRelulnIunan (Ferite loss) gingl

2.0 . =

190 L.

TRANSFER IMPEDANCE IN OHMS

01 $ i i ! 1 i 1 3
01 025 A 5 1 5§ 10 50 100 . 200

FREQUENCY IN MHz

(a) Transfer function in ohms

+5 e ]

FREQUENCY IN MHz

TRANSFER IMPEDANCE IN dB ABOVE OR BELOW ONE OHM

(b) Transfer function in dB ohms

31.]‘7; 2.9 n19 Transfer function 989 RF current probe
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Tugunisi 2.6 amnsanazuandlugtliuureandiug (deciBel: dB) alugilil 2.9 (b) waz

aunraugrailuaunisléfe

g (dByd) =V, (dBV) ~ Z(dBQ) @.7)

]
=

Tugiluuuannisi 2.7 Aduiuaudazpauauasi Z = 0 - 15 dBQ uaziiANngs (1 MHz

1
=

— 1 GHz) Tein3 Transfer function 184 RF current probe Tuginuasnafigaiuaiunsnuanalalugly

2.3

$20 b R,

10 el X DD

5 10 50 100 500 1000

FREQUENCY IN MHz

TRANSFER IMPEDANCE IN dB ABOVE OR BELOW ONE OHM

'
a

g‘l.l‘i‘?'i 2.10 n"7 Transfer function @4 RF current probe lutinuAnngs



12

2.2.1 wann1sIAnIsuandINsuNuLimantWvnuas RF current probe

{/cm £ 3§ v dm
e Py /"
Ja\ImimAY
1 ' t
i b B =1
i LI i
1 7 vitem? ] 1
1 I‘/,,,z TN ¢ ] I.dml
1 by i I
: : :lcm . :
i b i
e o
i | S i
Flux cancellation
To measuring ' To measuring
> nstrument < instru:nem
(a) = 21 RN — 21

cm dm

g1l 2.11 winnnsTadeyay nsunauidmdniiialeagld RF current probe

134 RF current probe Aadaysyradsunanidimdntuinasinnmandesassioin luane
Line 1a8 Neutral §1Ada3ane Line Tu RF current probe aziflunnsdadayqyanssunanudmdnlyiin
LANATIN (Total noise) BiwgLTl 2.5 S1adasane Line uaz Neutral 4l RF current probe
Hunsdadtyayrausunaundinaninia luludanason (CM- noise) mugﬂﬁ 2.6 UaztinFaIn1gdn
Foyryrusunauudwmdnininlulusanasing (DM - noise) azfiasiansiugne Neutral 381 RF

current probe 1 saufiauaaiuanslugLin 2.7

d a o/
g1lf1 2.12 380514 RF current probe dadeyaunnisunauluinuanasan
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d = o/ 1
51U 2.14 3801514 RF current probe Fadtyayrousunaululnuanasing

2.2 49

13

ey o = a & < = a ) aad o
Tuumitldnanfeng e iugiu Sellannumaneesiionusieg MR fuuendoyyineunou
[l < = 17 o o 2’/ 1 ' o 3
wimannfn sandadhlalundnnisinnuisinuanas L s IMNARA AN LA UANNNIR191UT84 RF
Current probe iWafiaztileanuuugauendtynrudmanuasiiunffauiiaussudnanisin

wULMENAEYaUNNTLNIU AUNI9IALLL RF Current probe
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3

e aTunAuLsLan bWl

un

De  =Lp.

n1gaantbuu Lbﬁxﬂ‘;’lﬁ‘qm LheIn

3.1 ‘fum'aums'a'anLm‘uﬂzmLLﬂnﬁmmwﬁmsunquu,u'mgn"l,ﬂﬁ'l
ma‘fa@nLLUULL@m?NmLmnﬁn&lcyﬂmsumumjmﬁn‘l.ﬂﬁﬂuimqmu“ﬁ@:Lfluq;mLLzm
fryeurmusunauudmdnInfauuuendwm 1 win ﬁﬁlaﬁafj%ﬂu@mauﬁﬁﬁmw weegauendeyayned
sunaumsiman it laadoulngudazlddyynmsuniuudmdn Wi ndrueen eanuiflu 2 wia
raazlddyyrusunaunsimdninfreanundy vy, waz v, Inagauandypiusuniy
udwdnIWf ez ldudannrresndaudasuuuuny (Center tab transformer) 2:1 ﬁﬁ'\nﬂu@mauﬁﬁ
fAmU89 Wideband RF transformer ifhunnsdoaanneudyunniin @ aeunnssunauusdmdnudia
Fruaanildeensnduilandu 1 win dmiuseasanyanielugauandmmyimsunauiamantifia

wanalesiagt

mngﬂ*ﬁ 3.1 awnsadauanninifievnussiuiueentesdynasunauusdingnliii ta
a1nauns 3.1 aziflunnsusmsaunisnisAnaantadyurnsunaussiindn WA lulnuanasing
280 (DM Rejecter)  wazaunisd 3.2 aziflunisuansannisnisdnaanaesdoy yrosunay
udindnWfinlulnumaasouaan (CM Rejecter) ﬁﬁl\mmﬁudﬁn&m&mm:éumuuﬂmﬁﬂ"l,wﬁqé"\u@@nﬁ

1Y :l/ a '
1@@@ﬂ3l’1uu@:ﬂﬂ’]®‘ﬂﬂ“%ﬂ% 11
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%lVL-—G + I7/\/—01 = %IV(‘M + I71)/\4 ' * %'VCM - I7/)/\4’ =Veu (3.1)

';“171,—(; - VN—G’ = %lV(ﬁM + I7/)/«4 l —%‘V(‘M - VDM’ =Vou (3.2)
3.2 Revlwrasgauandyamusunauwiwman v

1. fiasdlAnauiuaudiudniu 50 Q wue uazdaailudaszannduiuaudrasunasniiiia
doyoyrnusunauusimdntniiles

2. n9dnuaanaasdyyinsunauundn it luluuanasng Jandlu ‘171 +I72| LAY

msueanaednygrusunauwsiman i lulminnasandandy |7, - 7,

WV, Aeuseiuaeaddtyey o Line — Ground 910 LISN
V, Aauseauaasdty s Neutral — Ground 411 LISN

3. N9 Leakage seuinadmyaunadsunauusman Wi luluuanasne uazdeyaunnisunau

La

wimdn Wi luluusarasounissnueanaasiandlndand (durudlunie. Aunniw)

v

a Y =2 = o -
e ldgtasasanyaudiaseenuuuilionantaeas uaznidmwgLinsniaasgauendyyin

sunquuNvan i Taenanelanag

o~N
1
[}
S &
o
=
i
=
-
~
[
£
A= -
L 14
£
©
—
=

= o -
519 3.2 nseanuuuaEnsaTuazninIgLnsnires &ty urunauLimAn I
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519 3.4 Anwouznauanuarnieluresgauendayayrnisunauusinan i
3.2.1 doudlsznavdAgyrasganendyginsuniuuiinan v

1. nlauLaIAMNINGS (Wideband RF transformer)

N

gﬂﬁ 3.5 uﬁ@uﬂmgmqua (Wideband RF transformer) WB 2010 — PCL

10—\(1,5—06
5
3 4

517 3.6 29asauyaelundiauiasnounmg WB 2010 - PCL

16
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= aa .-
M99 3.1 @mauummmuﬂnﬁcycgwcusummmmanlﬂﬁq

Part Impedance I . Bing § s Pins 4 — 6
req. ins 1 — ins 4 —
Number Ratio P
Schematic L L
Through min2 DCR in2 DCR
Pri:Sec | (mA) | (MHz) max | .
- hole @H) | @ | (H) | (@
[P S———
WB 2010 0.005
-a5 1:1 250 780 0.320 780 0.320
- PCL - 100
3 4

2. fiasnunuliusnldaus 100 Q

g1l 3.7 fsnuvnulfuAnldna 100Q

' = °
3.2.2 MINAFAUMAIANNULENIN TN AR IR ING
nmeae Ui A A MRSt esviaiasAmnINgs (Wideband RF  transformer) WB
2010 - PCL e #a155u1tiNam Self resonance frequency

o o o a =
1. nManegal WB 2010 - PCL Taeidavan 1 fiuan 3 1A9asn 150 kHz — 30 MHz

tLs Bt Rse ° MKR ISOWH: nolf
: MAX l’& H Ls 14 th 121 <8
BHAX 1.008 Mo Re  770.513 @
LN ! o A RX
T S - .,R ot oot - EWA h?
5 Le-Rs ‘
N ‘ Le~@
| Ce-Rs ,
Cs-0
| g el Cs-D ‘
AMIN B.088 H STRRT 150 000.088 H:
BHIN BBB® o sToF 30 000 900.800 H:
STEP~_1580000.000 HZ ore

U7 3.8 nsvlArAauilestia WB 2010 - PCL Taeidaiian 1 fuan 3

83864
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TEFEEUENCY [ Hzd Ls EHE —Re
R s ooo T Toa0624 n e -
E 195 498,196 i 84464 o 981
S 2ga 796.978 1 B9U.SSY ¥ 1028517 o

35 9B2.323 1 751.573 o 1.49721 K Bex
332 888.972 § 638.127 ¢ 1 8&944 »
SEd4 997,464 | B19.793 @ 2.208959 K
232 191,128 1 415.965 4 2.66P54 & Le~Re
956 195.272 | 316.854 1 F.83413 K
1 2aB 829.811 § 219.911 £ 3.B45B1 K
i 627 626.518 1 13B8.516 1§ 4.44858 K ..
2 {21 326.344 | 51.9352 i 4.94634 K
g Y64 762.452 | ~18.9677 ¥ 5.19798 K
2 693 373.302 | ~52.5355 i 5.068478 K
4 636 353.258 ! -71.8023 4 4.45699 I . l
§ 126 B57.328 ; -6E8.8573 & 3.534348 K CeRe
T 977 443.845 F -S54 8335 o 2.8386% X
18 397 172.847 ; -38.9585 4 1.72085 K
'3 55p BEE.7RG | -25.7626 i 1.1¥2T K Ce-@
17 661 120.568 [ -16.3198 o 710.260
(2% 23 818 114.9%e | -15. 0240 446.59% | l
2N 39 6en pna . poa -5, 04518 f 288,285 0 Cs-B
RERSURE Ti- 28 STABT TS0 Bad. 000 He
SHEEP N~ 1 » @y STOP 38 998 £09.988 Hz ..
STOP~_30000885. 668 HZ 15

51l 3.9 p31aAp it WE 2010 - PCL Tnedafian 1 fuan 3

ANN1MAgeLn1AIAnTiEanTevdaulasgniningeatinsaagylddnguneal
WB 2010 - PCL 4A11 1 fiu1n 3 1A918T 150 kHz — 30 MHz 1 Self resonance frequency g
AYND 2.764 MHz fauansluiig 3.9

2. N$NAFAL WB 2010 — PCL Taeidmnan 4 azan 5 AA9NA 150 kHz — 30 MHz

A 0.8 K ;é‘ 253.9i0 gg‘ Kfap
g
TABLE
SUPER-
A IMPOSE
Impedance LIMIT
T N oncoff
id-n—.é__&_aux ‘* 3 4 2 l
A HIN B.00p H START 150 008,888 Hz
BHIN B.8 STOP 30 903 BDD.0B8 Hz

s
STEP=_1560000. @ﬁg HZ

BNy

1J°7'i 3.10 nsANANWTIENTi WB 2010 — PCL Inedaian 4 uazan 5



N T FRE avi&gtwimﬁ.zjm ! -WIZmﬂm.} KT
'"‘“'1.0 ““““““ 160 god.ouy ‘9"” uBhE. 56 1
2 198 49@ 198 esﬁitaa 252,887,
3 PB4 796,978 1 2180862 3 312047
4 ERE OBR.523 1 185,878 W 380,541
o “a%e are.u72{ 154,997 4 458,299
& 564 DOE,. 464 1 12H.199 4 553.5Ye
7 Pag 191,128 § 183.26% 4 668.31%

& ang 198,272 1 PI.L7TS 4 BRS, Y41
% 1 248 BR9.6811 1 B5.7560 M 968,499 o
1R 1 627 BEG.B19 1 33,3633 4 1.11821 K
11 2 121 3P0, 344 3.3187 W 1.84466 K
18 @ 764 V6E.032 [ -2.70316 4 1.30847 X
1% 3 BO3 373.302 1 -13.2846 4 1.87308 K
14 4 596 I5I.250 1 -18.88928 4 1.11804 K
15 5 120 BG?.328 | -17.2998 . B885.356
16 7 977 443.845 | ~13,.73%9 4 633.@85
1% 1@ 397 172,647 | -9.72438 i 428,278
IB 13 55B B56.705 | -6.4B477 o 279.023
19 17 661 12p.56@ | -4.83182 o 177.7%¢
T 23 918 114.978 1 -2, 467248 p 18,87
----- 3G 280 ape G668 -1 47018 ?a AB3E .
HEASURE N-"éﬁ START 150 560 B0a Hz
HEEP N STOP 3@ 088 000.088 Hz

21
STEP= 158@@88 8ee H

ﬂﬁ 3.1 mmamm'mmumm WB 2010 - PCL IﬂEI'JF'WI‘B’] 4 U811 5

r4

RECTAy

KR
1 RECTAN
A-B

TRELE l

SUPER~
IMPOSE

LT

ons (Sff

neng

19

@ﬁnma‘wmafaumﬂ'ﬁmmmﬁmﬁwmuﬁ@uﬂmmmmwmmmmmﬂlé’qu@ﬂmd WB

2010 - PCL A1 4 uaza1 5 AA2NE 150 KHz - 130 MHz 3i# Self resonance frequency @gl:

AR 2.764 MHz &Tﬂtmmﬂuwgﬂw 3.1
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3. NINAAEL WB 2010 - PCL Tnaidnfian 4 uwazan 6 AAND 150 kHz — 30 MHz

217 3.12 neAN AN IWTERT WB 2010 - POL Tneidatian

12t -

A HIN 9.080
B UIN ©.608 H K
STEP=_1560600 . 88@ HZ

TART
STOP

a: Ls 3 R& 4 558 5%a§¢%% Hz
o e% 1.008 Mo s
Impedance Phase angle

156 0g0.008 Hz
30 0@ 0DB.00D Hz

WTEEERUENCY £ Hel “

e 180 Buw. aud

R 185 498. 198 1. B

% B85 796,970 1.8

P B3p 602 I3 1,609

m 432 B09.97F TR

& GEd 099, 464 B84 B, 1680

% 735 181,188 1 411.838 | 2.62130 i

8 958 199,278 1 Z1T.175 4 5.16768 K

4 f 248 €29.811 ! 285.027 4 3.7679% K
1B 1 627 6P6.519 1 136,378 4 4.41586 K
14 P 121 %PO.E44 i 56.7EES 4 4.94B47 K
1d 2 764 762.032 § ~7.36831 4 S.R1767 K
1% 3 6BY I7I.I08 [ -50,1934 o &.10683 K
14 & 696 353,250 | -72.9518 1 4.51478 K
18 6 120 667,320 | -5.@338 1 3.59589 K
(6 7 997 443.845 § ~55,2782 4 2.58867 K
1718 397 172.647 | -39,3366 44 1.783%7 K
18 13 553 956,785 | -26.8761 4 1.14422 K
19 17 661 120.560 § ~16.5182 1 786,536

2% 23 @iy 11a 97@ -18 1&15 W 4bd, 182
-Cl 50 089 B <6, 11 A 282, 350 .
msgsvks &w”é = “”%?hﬁ?“"“““”fsa gud. 608 Hz

SHEEP He 1 2t STOP 3@ 909 090.080 Hz

STEPw 15@8&8@ ae8 Hz

ReeX

La=fs

Le-Q

Ca-Rs

Co~Q

Ce-p

more
173

4 LAz 6

f'ﬁmx

Lﬁ*&s'

Le~@

Ca-Rs

Co-

Ca-p

Fdatal
173

g1l 3.13 mensrnAuwiantin WB 2010 - PCL Taninfian 4 uazan 6

aInnsasaumAANInTeinsemiausigniningeaunsaasifdnainsal we

2010 — PCL 4791 4 uaza1 5 91AMNE 150 kHz — 30 MHz {@ Self resonance frequency ag#

AYND 2.764 MHz Aauanslufigiln 3.13

U
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4. NMINAAaL WB 2010 — PCL Tneidm#ian 5 fuan 6 #R9qNE 150 kHz ~ 30 MHz

@t Le B: Re ° HKR 159 m EE& He BECTaN :

ie.e8 H Ls en.’ *=0aR
b ne% 1tes me Ra 156.654 ‘%
o e RECTAN
i AR
TABLE
SUPER -
: IPPOSE
i - 4oLy
e N E . N
;Z At P { * g: ég [ g 2
A HIN @.oep H START 150 BBB.aee H:
B MIN @.000 STOF 30 0D0 009.808 Mz
STER= 35@@888 8@8 HS -

7141 3.14 nalrnAammilntin WB 2010 - PCL Tnednfian 5 fuan 6

-1 b b H g
% JUq UEE TR Ry -g
- 358817 W 247,111
g 222,183 306 . &1
U 188 588 4 37g.p Ryt
Do LE?. 868 W 459,
& 138,526 1§ 557,340
‘;'; 184 ‘gg’? i 6?%. l‘: A Lg»Rg
£t 94825 g D14,
g | 85,4957 W 969,
% 16 ?ﬂ 8218 u 1.12341 K Le-q
NN 2 JPEEE g 1.ad4885 K
iR 8 ~? 19965 4 1.38488 K
E- ] ~13. 5283 i 1.26758 K
L4 4 ~18.8267 M 1.18379 K
L1 B ~17.3338 1 BY6.GEV Cs-Rs
B 1B, 7267 4 526,608
brd e -9.70418 422, B3
TE1y -6 3BETE 274, 345 Cs -
N R YA ~4.B1802 i 1730749
toad ~2,45418 ¢ 108,829
1 a0E . =1 ,46690 ¢ 87,3528 Cs-D
Q ASURE W= START 160 "B00.008 He
oiEEP N 1 s+ 21 $TOF 39 900 088.882 Hz
STEP= -15006860, aﬁ@ Hz 103

71l 3.15 maeArAumTEh WB 2010 - PCL Taedafian 5 fuan 6

nmMemagauAtaumiiaairemdaulasgnningiatuisaagliddngilneal we
2010 - PCL Taednfian 5 M1 6 1A211D 150 kHz — 30 MHz axdlein Self resonance frequency

NA9AD 2.764 MHz fauansludigl® 3.15
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3.2.3 ManasauAIBNNuAUTURIE AL NF Ry T UNIULUAN IWHA

Tunsaisgauandoyqyrnssuniuudwmdnniindusesfilefennaniifinisneuauasanud

10491ns0d AedesdBnfuaudnielull 50 Q naand29AND 150 kHz - 30 MHz fauiiie

9

Use@nsnmlunisdednendenugegn ileakvaiaudaindsasiinismageuiven A duiunwd

U

TegALeNdyInsLnLlmAn IN# TednwenssedndnuaudarlanuauEnialniia Aedl

a ra) ° ' I} 1 o y o/ & © i
Buiuaudin 50Q Wiliialewinsesyiuesesindoygyrnimuanasiain (Spectrum analyzer) ag)

¥
Yo a

o a o s i <
SGUGEGTITAVE SRS T T ot fa VST T VER M LUTE RV U GG T S F oS!

b

d 1 o a L : ] < ‘
519 3.17 nsslednaniuwaudrasgauandtyyinssunauimantndin

#1% Line to Ground (L — G) az Neutral to Ground (N — G)
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ra o

1. nMaageuAtaniuautrasgauandoynmsuniudmanIiin WB 2010 — PCL fu
a

Line to Ground (L — G) 91A21:8 150 kHz - 30 MHz

Impedance

iﬂ‘/l 3.18 n?'mlm'auwLLmuw@wmmnﬁmmwma‘ummmman”lﬂﬁq

WB 2010 — PCL #1% Line to Ground (L-G)

'W
e
T . Bg © i 1imomIs |
e 5. 5558 i.82085 |
o £g.6180 i ‘989:236 .
& 50:6788  { 976.166 m
= 50,7187 i @
By e OB, PP4R
1 2 i 59,8156
4o R © SBJEET5
1% 36 50,9236
} 14 4 898" 5@, 9821
15 & 120 °857.320 | 51.0588 .
18 7 977 443.845 1 51.1593
JUE 1@ 39 192,647 51.2788
18 13 550 856.785 ¢ 51.4563
1S 17 B&1 12W.560 | 51.7499
2B 23 818 114.970 1 S2LL7RY
LEl 30 008 900 088 ¢ 52,8530

'HEQSURE:NN
SUEEP N& Ei'%

: ‘ ‘T"
STEP- 155@85& BQI HZ

i‘IJ‘Vl 3.19 [ﬂ'\i"]\‘iﬂ’]@NWLLﬂusﬁ’ﬂﬁJ‘WLLC’]W]I‘II@\?‘]MLLﬂﬂﬁﬂJﬂJ’]mﬁ‘UﬂQuLLﬁJL‘M@ﬂi‘/‘lﬁﬁ

WB 2010 — PCL #14 Line to Ground (L-G)

anHANNIMAdeaLgNITaglinAdniunudrstauandy nsunauusimaninia wa

1
=

2010 - PCL §iu Line to Ground (L - G) A2 %A 150 kHz — 30 MHz azifiudnaArduiunudiiAnag)

u
]

1500 D4 52Q Fdalddniluaeslunneeausyuls

U
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2. MsnasauABNwaufuesgauandyginisuniuwimaningn WB 2010 - PCL Au

Neutral to Ground (N — G) im N 150 kHz — 30 MHz

o KR 150 aﬁa.aza Hz
0 ‘MAG. . . .. 50,881
: aeg Pﬂasa -;. g_;,;_gﬁsﬁ_; ,

AN START 158 @00.008 Hz
1IN 16, a § STOP: 3a ARa- aa@ @.’3@ Hz,
STEP=_1500060 aaa HZ

S‘LIVI 3.20 ﬂﬁ"]Wﬂ’]‘ﬂNWLLﬂu‘ﬁﬂl@ﬁ“ﬁﬂLLﬁlﬂﬁﬂJﬂ.l’]floﬁ“i_lﬂQuLLﬂJL‘ﬁ@ﬂ‘lV‘l“Nq

WB 2010 — PCL #1% Neutral to Ground (N-G)

R CERE Hz 3 MaG L g Pﬁﬁﬁg w;_g_e_s}
W%_gggg;}ez«ém E._aaa- g ga? ¢ e.l7sel )
E: 185 49m.198 { 5@.1796 | 1.8@61@ |-
& - 786, 978 | 5B.2554 1.54p98° |
; oy %73 i 5@.33%21 L 1.33581
& a3 '%3"3?2* 6@.4874 + L.19783.
\ 5, & 8339-.3 45 ’53'217'93 1.83585 .
\& < %gé”?g?:i%afi €@ 8444 i 1.B3565
‘g . .95p 183.272 SE1 5a66 1108473
2 1A ' ‘ 1.02343
£ 1 24@ B29.911 | 5066098 ¢ :
1% 1 627 626.519. 58.7896 | 1.11961
i1 2 121 328.344 ¢ S@8.7547 .1 1.275
1F 2 764 TGR.pIe i 5@.8932 i
53 683 373.302 i Egg gg%g é
14 - : =N
418 8 % ' B&. 9957 By
e 7 . B1.9687" 3.3
1R 18 - 51,1648 a2
1B 4E 5 51,3011 5.3
18 47 B L4617 6. E
g? ggg.. 14,976 gé 1232 _
131, 5 e Beo z
FEASURE N= 28— START 58 @

SHEEP N=- { » 23 STOP 30 892 m&_.aﬁa Hz
STEP=_ 1500000, 608 HZ :

g1l#1 3.21 m:mmm@uwLmeﬁﬂJfammLLﬂnﬁn;n&lﬁmsunqutmmﬁnvlw“?ﬂq

WB 2010 — PCL @14 Neutral to Ground (N — G)

|

NUANNARALATNNT0TAABNALARS fi1u Neutral to Ground (N-G)

a

N1RIND 150 kHz
~ 30 MHz agiiiudAdniuawdiAneg? 50Q T 52Q Geiinlddniluahaglunousihaaniuls
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3.3 menagaudszAniniwlunisuendygriusunauwsiman v uesgauendeyyiu
sunaumaiuan iy

nnageudss@nsninaasdyinsuniuntnan i luntsmaaesazniinisasig
Fyurusunouudmaninia - (EMI) ﬁmmnmaﬁqﬁmnﬂ;mmswmamﬁmmﬂmsumu
wlndn I (EMI Toolkit) Taannsvmaaasazsinnisdadyunmisuniuudmanniinlulnuanason
(Total noise) &tyaurnusunauudinan iwinTunanasing (Differential mode: DM) waz&aeyndsungw
Innanasan (Common mode: CM) Tntaldgaueandtyqyrusunauudinaniwin (Noise separator)
lunsafredyurnusunauuiinaniiinanngal nnsmaaesdyrnrunauusimannin
(EMI Toolkit) Taefidenulanisnaaesdal
1. nmamagaunisuandtyayrsunanisimdn i taeldAagegaansdyyrsunau
udwdnInAaan EMI Toolkit
- FAWNNITLNEAINTBURINGTIIWA (With heat sink)
- AYINENSAAARe 150 kHz
- 13y Selector switch Ineiinuuadtytynau Gate drive iluuuy Rise/Fall time
ANYD
2. niegaun1suendausunaukamaninia TaaliseuduszuieaanFeauas
N$19UA (Without heat sink)
3. nImaaaunIsuEndtyeyaELnauLimanIninfiranudnsadata 75 kHz
4. nadauNITuEnd i nsuna il wan Wiy Tneaen Selector switch Tnesnmun

&tytuniu Gate drive luuuy Rise/Fall time JA7190

O| | saasa
o|| @

LISN " Discrimination network EMI receiver input

=i ] [} 1=
519 3.22 29asanyanissiagauendoysurnsunauuEuan i
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d ' : v ; = : . 1 <
519 3.23 a9asnsnagaurlsz@ninnlunisuendayminsunauuiman i

209 AueNA QUEYIITLINIUIENGN TWHA

34 mEvnagauMsRanduAMsunIukiuAn AN TneldArgegnaasdyaimsuniy

o

WNLUAN N (AaLdUsZUNEAINSAURINGIIUA) 99N EMI Toolkit

3.4.1 Mindsz@nsnandyyrnssunauuaimaninialulunanasan (Total noise)

1. MedadryyrusunauisimdniWialulnusuasan (Total noise) A1 Line to Ground (L -

dBuV
100
90
80 EN 55022; Class B Conducted, Average | -
70 5 D e T ] .:- as?® ".-.'".: ',_“ -
60 4
50
40
30
20
10

EN 55022; Class B Conducted, Quasi-Peak L-G

1 10

(Start = 0.15, Stop = 30.00) MHz

al -1
517 3.24 neuansdtyryrousunauusimdn i lulvaanason

#1U Line to Ground (L - G)



(N-G)

dBuV
100
90

27

2. madadeysyrnssunaunalmdn infinluluuanasan (Total noise) #1u Neutral to Ground

EN 55022; Cla

s B Conducted

Qliasi-Peai(

N-G

80
70
60

EN §5022; Cla

5s B Ccfmducted

Average

40

30
20

10
0

10
(Start =0.15, Stop'= 30.00) MHz

51191 3.25 nauansdtysurnisunauusman i lulnuanasau

#1u Neutral to Ground (N-G)

3.4.2 Mafadss@ninanlunisuandygyinsunauudiman Wi lulnuanasng (Differential

mode Interference: DM) uwazdtyaunodsuniuuslimdninflalulunanason (Common mode

interference: CM)

dBuV
100
90

1. Medadeyeynssunauusindn i luliuanasing (v,,)

EN 55022, Cla

EN 55022; Cla

s B Conducted; Quasi-Peak

5s B COnduc:tedé Average

VOM i

80
70

------------- S b ELEEET LY LT PRRponge Spnyus sy Sas
: tenunaye

60
50

40

20
10

10
(Start = 0.15, Stop = 30.00) MHz

5117 3.26 nemluansdryayrausunauuslmdnnfinlulnunnasing (v;,)
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2. Mmadndyyrnusunaunlnan i uluueanason (v,,)

dBuv
100
90
80
70
60
50
40
30
20
10

1 10

'EN 55022; Class B Ccfm cted; Quas -Peak VCM
"EN 565022; Class B Conducted; Averdge

(Start = 0.15, Stop = 30.00) MHz

gﬂﬁ 3.27 newluansdtyrasunauudmaniwinluluuanason (V)

3.5 nanagaunsuandugrmsuniunsimanivia Inslddaudussutannusay ag
N919uA (Without heat sink)

3.5.1 nMadntlsrAnsawdeyeyrnustinauusivan i luinuanasu (Total noise)

1. medadeyeyrnusunauudindn i lulwumnaasau (Total noise) § Line to Ground (L —

dBuv
100
90
80 -
70
60
50
40 -
30
20
10

"EN 55022; Class B Conducted, Quasi-Peak LG

1 10
- (Start = 0.15, Stop = 30.00) MHz

=t @
73U 3.28 arluansdnyunusunauusiwmdn A lulunarasu

#1114 Line to Ground (L-G)
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2. Madadyaynirunauuimdn Winluluuanasan (Total noise) 1% Neutral to Ground

(N-G)

dBuV

100
90
80
70
60
50
40
30
20
10
0

EN 85022; Class B Condusted; Quasi-Peak N-G

EN 55022; Clags B Conduc;:ted.% Averége

1 10

(Start=0.15, Stop = 30.00) MHz

a !
51# 3.29 navluassdrygrassunauudmdnivfinlulnuanason

$in1 Neutral to Ground (N-G)

3.5.2 NMadntlse@nsnnluntsuendaasunauudindninfinlulnusnasig Differential
mode Interference: DM) uaz&ayaraisunsuudivaninialulusmanason (Common mode
Interference: CM)

1. madndryayrasunaunsiman Wi lulnu aaasiag (v,,)

dBuV
100
90
80
70
60
50
40
30
20
10

|EN 55022; Class B Conducted, Quasi-Peak VDM

EN 55022; Class B Conducted; Average

1 10
" (Start=0.15, Stop = 30.00) MHz

g1l 3.30 neluansdayeyrustnauusivdnniinlulusnuasing (v,,)



dBuV

30

2. medndyansunaunimdnininluluuanasan (V)

100
90
80
70

50
40
30
20
10

0

EN 55022; Class B Conducted Quasi-P_’eaik -VCM

EN 55022; Class B Conducted, Average

1 10

(Start=0.15, Stop = 30.00) MHz

i A -
g% 3.31 newuamsdeyryanisunauusimdntuinlulvuanasan (v,

s (] <l a o 3y
3.6 MsnagaUmMsuLEndaIMsUnIuBNmAn WA IR Nan1sa3ATe 75 kHz

3.6.1 nsdntlss@ninmdnynyanruniuudimanindn luluumeasas (Total noise)

1. nedadeysyrnusunauuindnWifln lulnumnasan (Total noise) #1% Line to Ground (L —

dBuV

100
90
80
70
60
50
40
30
20
10

|EN 55022; Class B Conducted, Quasi-Peak LG
_EN 55022; Class B Condudted; Average

1 ~ 10

2/412007 3:49:54 PM ' (Start =0.15, Stop = 30.00) MHz

al ] =3
g1l% 3.32 neuansdyusunauisiwdn i tuluuanasau

11 Line to Ground (L — G)
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2. nedndnyeyrnssunauuiivan Wi lulunanasu (Total noise) #1u Neutral to Ground
(N-G)

dBuV

100

90

80
0 .,
60 """""" %o

50

40
30
20 :
10 |
0 ?

‘EN 55022; Class B Conducted; Quas -Peai< N-G

EN 55022, Class B Conducted, Aversge

e

iy

1 10
21412007 3:49:54 PM (Start=0.15, Stop = 30.00) MHz

d 1 (=3
1% 3.33 neluanedyqursssunaupsiman i luluuanasau

61 Neutral to Ground (N = G)

3.6.2 Maiads@ninanlunisuandginsuniuudimdnindinlulunanasig (Differential
mode Interference: DM) Lmzﬁrynvnmiumumimﬁnlﬂﬁﬂu‘iuumméqu (Common mode
Interference: CM)

1. madadtyaasunouusiman i lulnuarasing (v,,)

dBuvV
100
90
80 -
70
60
50
40
30
20
10

EN 55022; Class B Condutted; Quasi-Peak VDM
EN 55022; Class B Condu¢ted; Averafge

1 i 10
2/4/2007 5:54:01 PM ' (Start = 0.15, Stop = 30.00) MHz

gﬂﬁ 3.34 naiudnsdnynausunauuwmdn Wi Tuluara g (V)
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2. madndeyayrausunauudlnn i lulananason (v,,)

dBuV

2/4/2007 5:54:01 PM

100
90
80
70

EN 55022; Class B Ccf;ndtnéted, Quasi-Peak VCM
EN}55:0_22; Cla_§__s B C_v:v_n__dué:ted,f Average

60

50 waens
40

30
20

10

0

1 10

(Start = 0.15, Stop = 30.00) MHz

g1.|°7'1 3.35 nnuamdrunynusunauud mdn in luluuanasan (Vey)

as ' < = - o
3.7 mMsnagaunsuandaaInsunIusuan il Inendfeu Selector switch Tnafinuan

Arynyeu Gate drive siMUY Rise/Fall Time A31N

G)

3.7.1 madmlsz@ngnwdryayrnssunauudindnluinluluuanasan (Total noise)

1. nedadnyayrnssunauudinaninialulnuanasan (Total noise) $% Line to Ground (L —

dBuv

100
90
80
70

EN 55022; Class B Conducted, Quasi-Peak 1.6

60 -

50
40
30

10
0

EN 55022; Class B Conducted; szerafge
‘ o :

2/4/2007 3:49:54 PM

1 10

(Start =0.15, Stop = 30.00) MHz

719 3.36 neluamsdryunausunauusmdn i lulnuanasou

#"14 Line to Ground (L — G)
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2. medadtygrassunauusimdniiinluTuunaass (Total noise) 1% Neutral to Ground
(N-G)

dBuV

100
90
80
70
60
50
40
30
20
10
0

EN 55022; Class B Conducted, Quasi-Peak N-G

{EN 55022; Class B Conducted, A\férége

1 10

2/4/2007 3:49:54 PM (Start = 0.15, Stop = 30.00) MHz

3U% 3.37 nswlusmedryyrausunasuimdn i lulvun anasan

#11 Neutral to Ground (N-G)

3.7.2 msdnilsz@nianluntsuendtun i nsunauudmdn Wi lulnuanasing (Differential
mode Interference: DM) uazdeyayinisunauniindnindnluluunnason (Common mode
Interference: CM)

1. Mmedndnyaynssuniuudnan i lulwuanase (v,,,)

dBuV
100
90
80 -

70 ™

60 et e
50 ____________________
30
20
10 - —
Y PRSI S

|EN 55022; Class B Conducted, Quasi-Peak VDM
{EN 55022; Class B Condugted, Average

1 10

2/4/2007 5:54:01 PM (Start =0.15, Stop = 30.00) MHz

gi.l"?'l 3.38 navuamsdryrausunauudinan i luluuanasing (v,,)



34

2. Mmedadayaadsunauudivdninfialulwuanasan (v,,,)

dBuV
100
90
80
70
60
50
40
30
20
10 - o : - T R
0 : I

|EN 58022; Clabs B Conducted; Quasi-Peak VeM
'EN 55022; Class B Conducted; Average |

v,
.
SN ]

1 10
2/4/2007 5:54:01 PM (Start=0.15, Stop = 30.00) MHz

g1 3.39 nauansdynyrnssunauudindn i lulnanasas (V)

3.8 qq1l
anmsAnuazadstauendyqimsunousiudn i linsutsgnaniFassgouan
FyqsunauusimanifinGanaaguls Aeqauendayinsunsuusimdn nfnaunsofiay
AnszvinisuendryayraesunauushundnIfn lulunanason wazdyunnsunauudmanlnfinlu
Tnuanasseanandyansunauinarasfiinsnfiansanld lunreenuuugakandayains
sunquudnnTWfnasfasAnilanas¥nmn Matching Impedance 7l 50 Q Lﬁ@lﬁmtmnﬁmmqm
sunausivan findednaindslninldesnsdlssansnw
RINNANITNARBINIFULNALY U nusLN Ll T Seuaauieulaildluns
naseudyrusunauwlmaninia asiiuldfy minsunouudmdn Wi RAldesddnnouzaes

foyyrousunauudindninfuansiteii aessanegiuteulanldlunmeaey laauafildaings

U

= o

wendrynyrausunauuiuanInita azfasinlduFaufeutunisuendyynausunauwdindnlunfin
Tneild RF current probe WauansldidngauendygiusunouudmdnIvinfeanuuuduaiuisn

uendyeunnisunauudn I 16
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<
UnN 4

msnasavlssAnimwlunsuanduanmusunauniivanidfinzas RF current probe

- mmegeuisy@vaninaasdyansuniuusimdnininagiindnnnmegeumiieniunisly
‘gmuﬂnﬁn&lmwumumjmﬁn‘lﬂﬁqLﬁmumuﬂ?ﬁﬂumﬁ RF current probe lunnsuaindaleyno
sunIuLE SR IR San1emasesazinsaiedyannsunauulmdninia Em) flunann
anefatihanganismaasdey suraisunauusiwdniuila (EMI Toolkit) Tatn1sNafeaLiINITin
Fyeunssunauusimdnivifinlulvaanasau (Total noise) doyeyrsusunauunwaninfinluunnasing
(Differential mode Interference: DM) wazdtyarnsunaninuanasan (Common mode
Interference:  CM) Tngiazldgaue ndoyqyrasunauusiivniuil (Noise separator) 1ungase
Fygrnssunauusindnivfihangatinnisnasesdy arasunauudmdnludia (EMI Toolkit) Taadl
dAavlanismaaessieil

1. pimeasunfsuendaygimsunauwluaniidin Inalddgeqnaasdygnsunon
udidnlnnann EMI Toolkit
- AALNUIZUIIANNFRUAINTIINA (With heat sink)
- mqu?{mmﬁm%q 150 kHz
- 1)1 Selector switch latiinmundayay1ns Gate drive iy Rise/Fall time HANias
2. ManadaunskendrymansLnauudman iy Inaldsewrussuneanniauainsaud
(Without heat sink)
3. rm*nmﬂumﬂmnﬁmavnmmmumiLﬂﬁﬂiﬂﬁﬂﬁﬂqmﬁn'\mﬁmﬁq 75 khz
4. nMsnagaunisuandycutadsunauwimanTwiin Taeialaem Selector switch tmefmun

&ounynnd Gate drive Wiuwi Rise/Fall time HAINAN
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d a a 1 =3
319 4.1 2aasn1smpgeuilss@vinanlunisuand oy adsunaunsinan i RIALINATY Y0

suUNIULNWAN NN

4.1 msvasaunsuandanasunauuiinaniniy Ingldigegnuasdmimsuniy
wimAnIWANaN (AaukusELIEANSAURINTIIUR) EMI Toolkit
4.1.1 nmadadsz@nsndayyrnssunauudinan Wfia luluumnasan (Total noise)

1. nMedadeyeyrnssunauusmdn i lulnuauasan (Total noise) &1 Line to Ground

(L-G)

dBuV
100
90
80
n—~ §is
60 ! 3 g : i
50
40
30
20
10
0

EN 55022; Class B Conducted, Quasi-Peak L-G
EN 55022; Class B Conducted, Average

1 10

(Start =0.15, Stop = 30.00) MHz

71 4.2 nsuanadyaunssunaunsimn it luluamasan 1w Line to Ground (L - G)
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2. medndayayrnsrunaussimdnIifinlulumuanasan (Total noise) 11 Neutral to Ground

(N-G)
dBuV
100 -+ e e
90 EN 55022; Class B Conducted; Quasi-Peak N-G -
EN 55022; Class B Conducted; Average |
80 : vas
70 .....

60

40

30
20

10

0

10

(Start = 0.15, Stop = 30.00) MHz

P ] < Y
51U 4.3 nauamidayeynisunauusimaniidnluluuanssan Fu Neutral to Ground (N - G)

4.1.2 medalsz@ansnmlunmsusndygasunauushudn Wi lulnuanasing (Differential

mode Interference: DM) uasdruaunassunaundindninfialuluuanasan (Common mode

Interference: CM)

dBuV
100
90

1. medndyarmsunauudmdn i lulwuanasing (v,,)

EN 55022; Cla
[EN 55022; Cla

s B Condu(i:ted
5s B Cond| é:ted

Qli:asi_-Piea?k )

©vDM

80

o

70
60

/

50

40
30
20

< .- i
U 4.4 nemuanadygrnssunauusmdniiinlulnuanasng (v,

10

(Start = 0.15, Stop = 30.00) MHz
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2. nM3ipdeyeyrnisunousinan i luluuanadan (v,,,)

dBuV
100
%
80
70
60 |
50
o '
30 - :
10 -
0 :

EN 55022, Class B Conducted Qqasi-P;eak VCM
EN 55022; Class B Conducted; Average :

1 10

(Start=0.15, Stop = 30.00) MHz

d ] < 1
710 4.5 nauansdoyorausunauudman i lulnuanaseu (vg,)

ar 1 (=3 [N 1 |9
42 nsvagaunisuandauimsunaukiiuan il Inelidaudussureaninuiay ag
N519UA (Without heat sink)
4.2.1 me¥asr@nsnwdyaunasuniuwdmdn A luTiusrasu (Total noise)

1. Medadtyrunsusunanudmdn i Tulnusanasan (Total noise) #1u Line to Ground (L —

dBuVv
100
90

EN 55022; Class B Conducted, Quasi-Peak 4G
EN 55022; Class B Condusted A\ferége

80 \ ........ 2
70

e e N 47

50
40 - e
30
20
10

1 10
(Start=0.15, Stop = 30.00) MHz
o ' , .
s 4.6 nouansdypyrnsunauuivdniniinluluuanasn

§in14 Line to Ground (L — G)
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2. n3dadnyaynassunauudindn A luluumaasan (Total noise) #1w Neutral to Ground

(N-G)

dBuv
100
90
80
70
60
50

30
20
10

0

< - ]
519 4.7 neluansdygyrnssunauusiivan i luluuanasaudn Neutral to Ground (N - G)

EN 55022; Class B Conducted

QLasi-Psa:k

N-G

'EN 56022; Class B Conducted

Average

F’

10

(Start=0.15, Stop = 30.00) MHz

4.2.2 nMadatlsrdninanlunisuandy gyrassunauusman infinluluusnasing (Differential

mode Interference: DM)  uazdaymynsusunauudindn Wi lulnuanason (Common  mode

Interference:; CM)

dBuV
100
90
80
70

60 - v

40
30
20
10

1. Mmadadryeunausunouudinan v lulnuanasiag (V)

EN 55022; Class B Condueted

Qu asi-Peak

L vom

EN 55022; Class B Conducted

Avera;ge

10

(Start = 0.15, Stop = 30.00) MHz

=l 1 =3 )
519 4.8 nerluansdryayrausunauudmdniviinlulnuanasii (v;,,)
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2. Madndeysyrnssuinauusmdn i uluusaadou (vg,) -

dBuV

(EN 55022; Class B Conducted, Quasi-Peak VCM
EEN 55022; Class B Condug¢ted Avierage

100

1~ 10

(Start =0.15, Stop = 30.00) MHz

d » ] & 1
51 4.9 nawluassdryyrnsunauiimdn i luluaanason (v,,)

Q) 1 <l < o 3
4.3 Manadaunsuenduuasunumiuan A NaNIn1983nTe 75 kHz

4.3.1 nmadailsznanindrynnisuniundivan i lulnusnasu (Total noise)

1. Madadnyyreusunauudman iinluluumenasin (Total noise) #1% Line to Ground (L —

dBuvV

90
80

70 -

60
50
40
30
20
10

EN55022; Class B Conducted Qéasf-Pea’k " LG

EN 55022; Class B Conducted; Average

1 10

2/5/2007 5:12:29 PM (Start = 0.15, Stop = 30.00) MHz

21171 4.10 neuaasdrynsunauut SN I lunuara #7u Line to Ground (L - G)
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2. nefadeyeynnusunouudwdninfirluluuanasan (Total noise) #11 Neutral to Ground
(N-G)

dBuV
100
90
80

EN 55022; Class B Conducted, Quasi-Peak NG
EN 55022; Class B Conducted; Average | '
0 N/ V/\ YT

I
0
40
30
20

1 10

2/5/2007 5:12:29 PM (Start=0.15, Stop = 30.00) MHz

g1l 4.1 nswuamedtysyrusunauusindninfinlulnunaasen fru Neutral to Ground (N - G)

4.3.2 Masalse@ninanlunisusndoysunsusunasuslmanindlalulnuanasie (Differential
mode Interference: DM)  wazdruaynausunauusimdn Wil lulusanasin (Common  mode
Interference: CM)

1. nMedndnyanassunauisindniifinlulnuanasig (Vo)

dBuVv
100
90
80 ' . ' /
60 |- :
50 T
40 -
30
20 - _
10 T

EN 55022; Class B anduicted Qd:asi,-Paak VDM
EN 55022; Class B Conduc Avierqge

1 10

2/5/2007 5:43:06 PM (Start = 0.15, Stop =30.00) MHz

A 1 -3 !
517 4.12 nsluansdeyayrnusunauudmdn i lubis ana s (Vp,)
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2. Mmaiadeyayrmusunauusdivdn it luluusnasau (v,,)

dBuV
100
90
80
70
60
50
40
30
20 ; ; b
10 e R e .
0 : C : . :

'EN 55022; Class B Conducted, Quasi-Peak VCM

022; ‘C_Iajsbsb B Conducted; Average

1 10

2/5/2007 5:43:06 PM (Start = 0.15, Stop = 30.00) MHz

d 1 < 1
1l 4.13 m"mlLL@mﬁnvm&nwummmman’lvxlﬁﬂu‘iumwmqu ()

o ' = .
4.4 managaunisieanduunmsuniunsituan iy Taalasy Selector switch Taaiuun
o Gate drive tTlunuy Rise/Fall Time AANAN

4.4.1 madarlag@nsnwdnyannsuniundiman AN luinuanasau (Total noise)

1. madadayurnssunauusimdnininlulunuanasau (Total noise) A% Line to Ground (L —

dBuV
100
90
80 -
70
60
50
40
30
20 »
0 S S T SRRSO N WA T N S SO

EN 55022; Class B Conducted; Quasi-Peak S LG
EN 55022 Cla:

5s B Conducted; Average

1 10

2/5/2007 5:12:29 PM (Start =0.15, Stop = 30.00) MHz

gﬂﬁ 4.14 nauamsdryeyrausunauulindn i lulunuanasandnu Line to Ground (L - G)
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2. nadadnyyrassunauudmdnInfinluluumnason (Total noise) A1 Neutral to Ground
(N-G)

dBuVv
100
90
80

EN 55022, Clags B Condu¢ted QuasuP
EN 55022; Clags B C(z:nducted A\;erége ‘
70 : NG 3

60 S— Ton
50
40
30
2 - »

1 10
2/5/2007 5:12:29 PM (Start=0.15, Stop = 30.00) MHz

51171 4.15 newluamedyurnsunauusiudnini luluanaseusdinu Neutral to Ground (N - G)
4.4.2 Mafatlszansnwlunisuendmornsunsuusimdniifialulnaauasing (Differential
mode Interference: DM) uwazdnyaunnusunauudhmanvflnluluusanagon (Common  mode
Interference: CM)

1. mafadryyrmusunauudmdn i lulvaanase (vg,)

dBuV
100

op ENSE022;Ca ss B Conducted; Quasi-Peak VDM
80

N 55022; Cla: sted
70 g

60 - B
50 :
JPR IR PN SR R E _ [
30 _ = :

20 | b b e b
10 ' : : ;
0

s B Congl

1 10
2/5/2007 5:43:06 PM (Start =0.15, Stop = 30.00) MHz

g1l 4.16 neuansdoygyrnssunouuimdn i lulwuanasing (v,,)
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2. madndyeyrnssunauusmdn Wi lulunanasan (vy,)

dBuVv
100 -
90
80
70
60
50
40 -
30
20 _ .
0 e
0 f :

?EN 55022; Claés 8 Conducted Qqas;—Pgak i VCM
i i P
-EN 55022; Class B Conducted; Average

1 ! 10
2/5/2007 5:43:06 PM (Start = 0.15, Stop = 30.00) MHz

517 4.17 nelusasieyayrassunauusiwan i lulunanasas (V)

4.9 aq1l

annsAnsnasuendmyansunsuiniinlagld RE current probe #rlnsufisnnianil®
294 RF current probe %qwaagﬂié’ AagnunsaaAssinsiendeysunarunauulman Wi lulvue
rasan wasdtyeynaisundundman i lulwuanasiog penandnyrurnisunauivuanasasfitmn
fansaunld iesnAtiagnefadantadeasnu RF current probe  mna@gnisdalundazinunaas
z&ymﬁmnmmmmﬁn"Lwﬁﬂwh&u

annMAaeInItkendty oyt assunauiuan iy Taald RF current probe  @nxnsauen
ﬁmm’mmmuﬁﬂuiuummm‘qmmzwmth\ﬂé’ LL@:@:Lﬁu“Lé’dﬁsz&lzyﬁmumuuu'mﬁniﬂﬁﬁ
IFasfanenizansdyinisunI B widn Wi Aunnsnefu %q@:%uﬂgﬁuﬁ@uimﬁlﬂﬂunﬁ@w AEBL
dwdaafunsldgauandyoyrnsunouusimanivi %4 RF current probe azilusz@ndniwlunis
NHReLTA Lﬁmmnﬁmmgmmaé"\um?wma@u uazERznmageLTien Feiuduidoymyin

sunauudmanInfinfiléann RF current probe Wudrua10udness
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=
UNK 5

NATIZWAANITNARDY

5.1 UNi

;3

Iumniasdunisnannienisiiansinanimaans IntazanfetINANITMAREINT 2 N9t
Ao nasesdya usunauuudnInf1A1gegaaes EMI Toolkit Laznaa8ednyoy1odsunau
udwanfnannnasldsaniuszungaoindany  Teazuansliifiudidraesdyinsunay
wlwdn Wi flEannguneafuandynsunauusiimdniaiin (Noise separator) uaz RF current

a ] % 1 = [ L7 nlld 1 2/
orobe fAnAuuAnAneiuatiiels wariiffadulathaifinansznudanimmases Tnaazldonyin
sunauu WA 1Ean RE current probe iusagradamenziiunmsgauniadnunismaseni
wiuau daudtueyrausunauudwdntuftanldann ailnsofuendnyayrousunauudmdniiiia ez
o/ = dl a (¥ | Ly 1 < :1’
saBeufauifiedinseimauunnsnsaesginsainisuendyarnsunauuivanniinviaes

b

a as ] [~
5.2 msﬁgqﬁmwgnﬁ'@ammﬂsxawﬁmw"l.ummﬂnat;gzyﬂcus‘umumean'lwﬂ'l
Tunsuendyayadsuniuusliudn i lulunasassuazdaygrsunauu wanTvHa e
Tunanasonaenaniutiy s1flufiazfesdinmaaaudrdarusunauwimaninfiangauan
:/’ v < v R v P d‘ v :I/ L] ' dﬂl
aanuntiugniesvideld fuesfinssndyniignuanaenaiuaaiy 1INInIeaaaUINE TN
nduluudraldivinfudeyayaninaugninnisuansialal wAiiasanndeyay nesunauiiman Wian
v
Spaanunbaduluan Logarithm scale Asasutlsuiiuddaduneniarianiuneamindtans L

A NANNST 5.2 WnaunisildduiunisulasAn Logarithm scale 1N Linear scale

dBuV =20 log[l(—] (5.1)
714
sy _ (X
20 y714
dBuV
s = X
714

dBuV

X = uVx10® (5.2)
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53 msdnsevnarasdyyinsunauntiuaniddirlnanislidaudussuranuiauas
N5191A (Without heat sink)

1. naffeuieunavesdyrasunauidmaninfianiesiu Line — Ground 781919

Simplified LISN Lkaz RF current probe

dBuV EN 55022, Class B Conducted, Quasi-Peak
100 EN 55022; Class B Conducted, Average
80
70
60
50
40
30
20
10
0
150 kHz 1 10

wamm R current = = m Noise separator

g1 6.1 ns1uasIn1suFaLITnunatedymNsUNIUIIMAR I esy

Line to Ground 5211919 Simplified LISN L&z RF current probe

NANISILATIER

Fyoynsunauushnnlnfianned L - G fieFaann Simplified LISN azildfinindanig
§mann RF current probe 14199211 150 kHz — 13 MHz TatiazilA1aauuansneasdooi
sunouuslw@ninfinagludag 3 dBuv — 12 dBuV uazludesnanudl 13 MHz - 30 MHz axiiAnA

wansinezasd sty ausunauuman InfinTidesnnauiauaziviaie uazasdanadiuinAdoyan

]
o 1 4

sunauushuEn i LEann RF current probe ludnt L — G HailAfinnndimiesinuaas N - G via

Andyryrousunauudmdninfinfiléanndaaas Simplified LISN #A171g97u fuenaiunauiain

L1l

dnananfivinnisde Wesannlunisdedysyrnsunauudmdniifinfinansneiy Adldfasiiaoy

v
uanAefulidnaztlunnsdinanndaaas Simplified LISN wazann RF current probe
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2. maffauinaunsresdayarnrunauislndninianngsnug Neutral — Ground 781919

Simplified LISN w.a¥ RF current probe

dBuV EN 55022; Class B Conducted, Quasi-Peak

90
80 |+
70 |
60 1
50
40
30
20
10
P
150 kHz 1 ' 10

emmmm RE current mmE Noise

af '
g1 5.2 nsussantsuluuifiaunarasdygnsuniuidmdniniianisiou

Neutral to Ground 241974 Simplified LISN W&z RF current probe

BHANNTILATIEN |
Keyeyrausunauudndnivfianesiau N = G aannisdmaes Simplified LISN uaz RF current
a o % o/ d| [} [ 1 <
probe azfidnuouzadretunimanatlufevlausn wAAgesseiudyausunauulngniwinag
fiANAINgn Tnelutaeaanad 150 kHz — 3 MHz azlidtadtuuanstaludas 5 dBuV — 10 dBuV
uwazludaanaud 3 MHz = 8 MHz azilAnmanuuansinsaflugas 1 dBuv - 3 dBuV Tedieanan ua

dll‘Lild !

dlldl 4,( d” = d‘ b dl 9 o %4
audfgaanldannilazinasasasrnngudinnineadasinlinewilasAdygyimsuniu

14 1

ulwdnlnfinfiuansrefudaiasiflunainaingadadyminsuniuusiman infiafanlingnn

¥ W ¥
HIRITNAU
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3. madTeuifrunsvesday ynasunauuslndn ilialuluuanasing (v,,) sTudne Noise

separator &% RF current probe

dBuV EN 55022, Class B Conducted, Quasi-Peak
100 - EN 55022; Class B Condu@ed. Average
20
80
60 -®
50
30
20
10
0 L L
150 kHz 1 \ 10

wssmm  RF current probe m = = Noise separator

=

517 5.3 nsuamenisniaufisunatesdoygrosunauusimanininlulnuanasing

5231919 Noise separator WAz RF current probe

NANTILATIZI

1 t=lI 1'% a’ i >4 ' B

AnfilFannnnsdadanassuniundivdniviaseudns Noise separator War ~ RF current
probe azuiulfdnfidneauehiadaaiu 1udegaaun 150 KHz — 2 MHz  azuansneiu
Uszanns 10 dBuV daslutaseanaifionr aziiAraedyannisunauuimininiindszunc 5 dBuv -

I 1 ¥ ¥
20 dBuV aziiulddnfiArnrnuunnsirsresdyyrmsunauudiviniriftagludasingag fistiena
zll o/ . = :I/ 1 73
{lunannannnismauausenIndaedsia Noise - separator - @nvisdnygyanisunaunsimantvdin
PEL - G AT N — G AlianmAnieiiuTuiunIALazyRaazinligluLLIes
] [~ 1 = a é’ [ 4 d' =X | ]

&ryeyreusunoundmdn i lulnuanasrsliaouiaiiauld wazilaisamauneA1ANLANAIS
gaednyeurnssunaundmdn it lunAazdasanudfazinlismeutednacssaaluusas
AN lFRINsa Noise separator il luasas

annsdanagIEnsanaziMeildinnsiautussue A nfaunarliraudusrunAy
Yauaziluansenuiudygrasuniuusmdnvfinlulnuanssisduii Inefidoyanmsunauly
Tnuanasnaastenlalifandussua A ufauainsaud lutesilszanas 700 kHz - 6 MHz Azl
&9 ddfsandanissiaukuszuneAniauaIntaus daufinaudngannnngntiazidoynyon
sunauud s i lulnuanada i indiReetumedygyinsuniuudwdninfiracliiianluun

NAFAINNINNGN
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4. mafFaufisunarasdunusunauuddnininluluuanadan (v,,) $e1979 Noise

separator Wa¥ RF current probe

dBuV EN 55022; Class B Conducted, Quasi-Peak
100 !EN 55022; Class B Conducggq. Ave(age

90 . -
80 Dby . :
70 SR - €0\
60 ) > : ]
50
40
30 -
20
10

0 [ O W : . v g
150 kHz 1 10

s RF current probe m = m Noise separator
d 1 1
517 5.4 nauannisnlBeufiaunagesdyminsunauuimdnininlulnusanason

5211914 Noise separator WaZ RF current probe

NANISILATIZH

9
mz%’fyzmmsummmmﬁn"lﬂﬁqmnmsﬁ’mwdw Noise separator wae RF current probe i

1
o/ 1ol

@:ﬁanwngﬂéwﬁhé&ﬁmﬁu uiasiAnRiAnnd ludenlausn lne A d oy ousunauusimannin
qzaglutag 10 dBuV - 22 dBuV fidosmannEl 400 kHz — 30 MHz wsiiAaaEifaus 150 kHz - 400
KHz azfldnaanuuansneinanndalszanns - 22 dBuv - 28 dBuv Adluuiienadumsenanes
nsfadeyaynnssuinauuslminwilafioantilaiwin i lelll&innsdafia1 e furildadiang
wAneari Lm:mmawmmz%’zyn&mms‘unqmmmﬁnMﬁﬁmnﬁqqﬂnmimﬁm%ﬂu EMI Toolkit
dFryeurnssunauuslmdnninlulmanasaufildann Noise separator ludenlataziulédn
flenfianadltszanns 10 dBuV Thuflunasnanesdilsznauidsannnisiaukuszinaanniauns
nsaudilanfianaudelallgfanissaudusyung mnuteuaensand lnedunaldaandasnanai
sz 7 MHz — 15 MHz ﬂ"]ﬁtyty']m?umumiLﬁﬁﬂlﬂﬁﬂuiwmwaéwﬁ%ﬁﬁqﬁgmdqm
Fuunsunaminaniiinlulm anasing wasiAilndRaetuidnoyinsunauusimdn i
Muanago ﬁ'\"lﬁmmm’iLﬂm:ﬂé’dﬁmmwummmmﬁniﬂﬁﬂﬁﬁmluﬁwmmﬁl 7 MHz - 15

¥
MHz iilunannandynnusdman i lulnuanasiuninndnd i usunawluinunnasg

[
A

] =) o d‘ = ' . ' < dl dl tg =) o
vuRearunimegeuiufewlausnifesuidy gy asunsuudman i luRaulah 2 aziiAman

nqn
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54 n1sdaszinarasdyinsunauminantiirlnanisiankuszunannsauas

4

N519UM (With heat sink)
1. mMaFauifaunaresdyyrnsuniuidindnMfaniesiu Line — Ground 181919

Simplified LISN wa& RF current probe

dBuV EN 55022, Class B Conducted, Quasi-Peak
100 EN 5?022; Class B Conducted, Ayergge

90 ' :
80
70 ®
60
50
40 -
30 -
20

150 kHz 1 10

wmmm  RF current probe m = m Noise separator

= f
5117 5.5 neruananisufeuiaunstesdyarnsunauudvan rfmaeding

Line to Ground 51919 Simplified LISN W&z RF current probe

a 4
NANITILATIEN

b

feyeyrousunouudindn fiannediu L — G Wadnann Simplified LISN azilArfisiandanng

4pann RF current probe Tudqsaanu 150 kHz — 30 MHz azilAAUWLANGINI89R 0 (NI LINAY

[

wiwmdnlWineeludee 3 dBuV - 15 dBuv  As1uuAnENstafanIaIngATndnyn edsa

Simplified  LISN 14 asrumiunfanaaniiananafinonuigeuazsofivlszq  TeilAn Self

aa
resonance frequency N«

1 6"

FAA AeAlsznauas inlEnnsdni AN iwiua
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2. MaufrauWeunarasdyasunauudwanlnianiadau Neutral — Ground s¥mdna

Simplified LISN was RF current probe

dBuV EN 5§5022; Class B Conducted, Quasi-Peak

100 EN 55022 Cla;ss B Conduptec!. Ayerage

% P 78 dBuV

70

60 i

50

40

30 B . .\ v

20

10

0

150 kHz 1 . 10 30 MHz

wsma RF current u = m Noise separator
d ] =3
51 5.6 nauansnisuFeuneunaresd U s LN BN I n19su
Neutral to Ground §x%414 Simplified LISN 1LaZ RF current probe
HANISILASTIEH

Ay rnssunauulndn i miediiu N — G Wadnhann Simplified LISN faasdArfinindn
n13§Aa1N RF current probe s ludaeAauD 150 kHz — 5 MHz agliArAuuLRnsinsaasday s
NINNIREYEYIBUTLNIUAIU L — G TeiAag 1199 3 dBuV — 20 dBuV uaedl lugaenaIng 5 MHz -
30 MHz azilAAanuuansinsaedysyrasunawetiludas 3 dBuV — 13 dBuV GA1ANNLANGNSL
p1alunaNIAInAteIAsENaLLeeT89999IMM9ANU L — G WAz N - G HAd ldauuimsiuiinann
gunsalnnely 1 dowmtieeun AN sas nkULLAZAFI9EWaNNAL L - G uar N — G Hanld

) e &K A & d‘ 1 I o dl al 1 dy d‘ 4 1 4
wiauiu asiasAtlsznauudshldinilendu Tedauvantanaudsilaeullmuszazinainisldeuls

o/

dausiaaNFIuNIRLaziaiulsyqAdalidrauRanata A uDgame silA Self
=

1 ] L3

9
d' ° ° Y a & [ 9 o = ] 1
resonance frequency NilAAN MrlFiRaAasAlsznautdsldundunalinisdninonldwiuen

i
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3. MaFaudeunsaasd i asunauulndn i lulnuanasiag (v,,) 721919 Noise separator

waz RF current probe

dBuV EN 55022; Class B Conducted, Quasi-Peak

100 EN §5022; Class B Conducted, Average

70 ‘
60
50
40
30

- V.DM

150 kHz 1 10

wmmmm RF current probe = m = Noise separator

d ] 1
519 5.7 nsluansnisiFauiauratesdeyninsunauusivdn infinluluuanasing

£11919 Noise separator Wag RF current probe

AANTTILATIZI

m*?i”l,é'mnmﬁmﬁn;rquumuwmuuaimﬁniﬂﬁwwdw Noise ‘separator Waz Current
Probe azifiulddnidnsasfindafi Wudaerud 1 MHz — 4 MHz TngazilAnuanansfuiias 10
dBuV 1ty mu’l,wﬁqam'm?i?iuq azfiAnaasdnyaunnusuniusunaulnaniniadlszunn 20
dBuY Ffluuuisiimsnziaaes Noise separator I8 &oyayaossunauusimdniniiisemnedu L -
G uwszN - G ‘ﬁ"[:imumma‘mmur’fumwumm:uuLwa The ARty N DITUNAUTUNG Y
wlwdnivfinesnunlugtaesdymins sunouusiman lfn luluuanasig (vp,) fifinranney
ﬁn&lcqummum”l,ﬂLﬁmmnmmmfgﬂnszﬁﬁﬁ']mm’é’mﬁaﬁlﬁndmmué’q FadusmeuBenay
Lmncﬂ'ﬁwmﬁmnpm‘l,mwiazﬂﬁqqmm?{ﬁ@:ﬁﬂﬁmmmﬁqﬂ"ﬁ?immmmﬂLﬁ'ﬂ”l,é’ﬁqmwifa Noise
separator W lilua9as

&yoyresunausunoundiwdn i lulnuenassludestsenine 700 kHz - 6 MHz Ay
Lﬁu"l,ﬁ";i']ﬁﬂ"}'ﬁzgqndﬁﬁn&lty']ruﬁ‘umu?umuusimﬁnlﬂﬁﬂuiuummaéfmﬂﬂ'mﬁu”l,é’%m uazdlFnd
IndAasiudygrnsunausunauulwdn i Tnuanarn Reanunsndiaszdiiddndginisunau
sumuu&iLﬁﬁﬂiﬂﬁﬂu"ﬂqqﬁiﬂuwﬂmmnﬁzymqmﬁunqua‘unqu@unquuﬁmﬁn"tvdﬁﬂu’[umwmm

nnvgn
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4. maufFauisunavasdryayrasunauudmdniiinlulnuanasan (v,,) szwdng Noise

separator Wae RF current probe

dBuV  EN 55022; Class B Conducted, Quasi-Peak
100 EN 55022, Class B Conducted, Aver:ag:e
20
80
70
60
50
40
30
20
10
0 B
150 kHz 1 10

mmms  RF current = = m Noise separator
= N3 '
g% 5.8 naluansnisifaueunasesdy s unaumdn i lulnuanas

7211979 Noise separator Lag RF current probe

HANSATIZI

AF ey sy ewsunansunaulvdn If1aann1sdRsendng Noise - separator  wae RF
current probe ﬁ%ﬁﬁnwm:gﬂéwﬁin&ﬁmﬁu TnaAndeyeyrnusunouazasludoq 10 dBuV -
22 dBUV AABAT9ANBTNINTIATER UATAINALsEAN0s 14 MHZ azfifnfifatasinfuaa
LﬂuwammnﬂﬂqqLqm‘ﬁ"ﬁﬁmﬁ afAsne dlellEanssafiaan A ilddeiimfuandag
i

Fyayrnssunouulwndnwia b anasing Aléaan Noise separator Hazifhufananieag
Tesesflsznauudefliintuuazdenasnannnmaus Tasdanaldanndasannuiiszanm 7 MHz —

¥ 1
1B5MHz  Adeyeyrausunaulsimaniiinluluuanasiedaslafigenindyainsuniy

! dl %

wiman i lulnuanasan wazflaflndiReefud oy anassuniuudwm@n ifinuuanason 014

9
a1u19ndRs LA Ay ayrmusunauiiialuderanud 7 MHz - 15 MHz flunanianndayann

sunauumdn i lulnuanasauunndndryayrasunauudindn iinlulnuanasiig
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=
UNH 6

dgluastatauenuy

6.1 UNIRTALENF Y IUTUNIUUHIUAN 1WA (Noise separator)

A A L

4
TunrseanuuuuazaFegauendyunnssunauulndnInfiniiu fasdniletennianit®lung

q

4 ¥ o

AAUAUBIAINT TR ALANA Y sUna UL InAnId A1 Ao Reasdasfnen
Matching Impedance 1 50 Q luyntrumnfinuuinsgufinonun TaslulassanuiinnedBsels
Anmgausndyarasunauuimdninin Tnaaslddoygrnsunauudmdninfindrueenaanundl
] ] 1 dl < A = q
1w Aeagld vy, uas Vg, Teainuanismasevaziiudtdnfivaudnne luaasgauendnyqyin
sunquuindninfneg ludaandelfdniluafnensuls uszarnuanismaseudsz@nsainlunis
wendryeyrouresganandayoyrnsunauulindniifinlunsilsine azdivdnaiilfiannnismaaasgn
uendgygassunauudmdn Iinaunsafazuandy rasunauuslumdn It n1sae i ldesng

a a a
Nile=@nsnn

6.2 unaglganendynrusunauuswinluila (Noise Separator)

anmisAnmuaraiegauendapinsunaulmdniinin I utamauiPaesgauen
ﬁmmqmsunquLLsimﬁnlﬂﬁﬁqw‘mgﬂ‘lﬁﬁqﬁ

1. annsnaaszinsuendgrnsunauudindn Wi lunuanasou uazdtyayrnisunan
usimdn i luivuasasiseanandy anosunaulmanasisitinfiansanld

2. ’Luma“wmmummﬂﬂﬁmmqmnmuuﬂLﬂﬁﬂl«/\lﬁ'\ﬁ’mmiwmmmmﬁﬂma‘wmmuiﬁ
Sald Imﬂmﬂﬂﬁlﬂuﬁmmﬂwm@gmf‘fmwhi%u

3. finn3¥n=1 Matching Impedance i 50Q Lﬁ@lﬁ’@ﬂnmﬁmn&mmwmumjmﬁn"l,wﬁm

granaa i lfag1efls@ngnaw

6.3 UN3a190L RF Current probe

Tumsuandryayrnssunaulnfintaeld RF current probe Fefiananiimlunnsuandnyuion

4

sunauudimdn Wi lulnnanasing uaedyrusunauundn i luluuanasaneananniuls

D

WuwhaafugauandgynmsunauulindnInia Taaandundnnisnisdndn rluanadaing
dnmagey Ingaziarasatdiadadiugilnsniirsasiedn weninsilaunssuadnlaldasania A

a tdl o [ < o’ o dl dl
azfansniaatiivesarinudiudninfiasays) satin Tedeyayrauiiaanann RF current probe Ay
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aanlunigduuuansusasiuluiii laedyqrunldainisofiazideudatuiniesindyyruniy
A18159111 (Spectrum analyzer) 18laein9g
6.4 undg1 RF Current probe

NnsANEINsuendtyeyrausunaulninlagld RF current probe Wlinsuienmuanii®

I3
Yo A

184 RF current probe Feweagy1gsail
1. ansodensinisuendy g usunauudwdn i luluusaadon war&ayITLNIY
umdn I lulnuanasing eanandyminsunautuanasnfigiunfansonld et
AYFUINIARAIEU RF current probe 11111
2. nManadgaunisuandayerasunoundindnininanuisonagauiii Tanszuannaaugals
o ds D
wifiANnnegey e Psastnmegeinanuisii
3. RF current probe #1lss@niaanlunismaaasuiia Wesanfininsgrumisdunimaaay
i 4
wANAENINARALINLILEY
4. lunemageunisuandoyyrsssunauuimdnwinlanld RF current probe @"3190

W leulddne uazazaansanimaga

6.5 TalduaLus ‘
1. lummeaaudoysrnsunauudwaninfinpesianisnaaetluaanifaaiu wielndiies
U ia1zHaRedn (s INIuTNNAINUTaE N 1ENeN AnalnansEnLsensiRd LMY
wlwanInin
2. ManagaLuazmMsIeszirsiifasaseuiilénnnsgm aslinistlesiuawinusingn
‘#I Y d!l L% Adl % :’/ [~ dl Y 1
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Abstract-This paper presents the trade-off between EMI
separator and the RF current probe for conducted EMI
measurement. EMI toolkit is used as a noise source for
investigating effects from differential-mode (DM) and common-
mode (CM). Paul-Hardin noise separation network or EMI
separator is used as a benchmark to compare with the RF current
probe. The conducted electromagnetic interference between RF
current probe and EMI separator is compared by the experiment,
Finally, the trade-off between two measurement methods is
verified by both theoretical and experimental results.

[ INTRODUCTION

Electromagnetic Compatibility (EMC) is an electronic
system which is able to function compatibly with other
electronic systems and not produce or be susceptible to
interference with its environment [1]. The interference can be
divided widely into two groups: conducted and radiated
interferences. In this paper, the conducted emission = is
emphasized and mentioned to separate  noise components
(Differential-Mode: DM  and Common-Mode:  CM)  for
electromagnetic environment. It is very useful to know noise
components in every interested circuit [2). Generally, there are
two methods, often used for separating noise components. The
first method is a classical measurement using radio frequency
current probe (RF current probe). The second method is
measurement CM and DM by using separating devices such as
CM/DM  discrimination network [3], Paul-Hardin noise
separation network [4] and noise separator [5] etc. However,
all separation networks in this paper are called as the EMI
separator.

The Equipment Under Test (EUT) in this paper is EMI
oolkit, used for conducted EMI studying in terms of theory
ind practice. Fig. 1 shows outside of EMI toolkit. Boost
-onverter is a main part which generates EMI. In addition, 2 lot
f study functions are combined in the toolkit and it can be
elected functional operation such as self-resonant frequency
SRF) of the passive components, reverse recovery time of
liodes, switching frequencies, and gate drive control [6].

To understand noise behaviors in a boost converter, Fig. |
an be rewritten to Fig. 2 which includes Line Impedance
tabilization Network (LISN) schematic and two 50 Q
erminators. These terminators are connected to the RF output

ports of LISN when measuring by RF current probe but when
using Paul-Hardin network these terminators are input
impedance of the network. ¥, and V, stand for phase and
neutral voltage - signal, respectively. C; is a parasitic
capacitance caused by MOSFET (Q) between drain and frame
ground via its heat-sink.

Figure 1. Top view of EMI toolkit configuration.

Boost Converter
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‘ f i
& _____ o
Frame ground

50 Q Terminations

Figure 2. Schematic of LISN and boost converter under consideration.

II.  CONDUCTED EMI MEASUREMENTS: RF CURRENT PROBE
AND EMI SEPARATOR CONCEPTS

Conducted EMI emission is measured using a LISN as a
50 Q impedance. The DM noise current (/,,) flows out from
line and returns via neutral while the CM noise current Ucar)
flows out from line and neutral and returns via ground wire as
shown in Fig. 3 Egns. (1)-(3) are line, neutral and ground
current and Eqns. (4)-(5) are line and neutral voltages,
respectively [7].
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Figure 3. DM and CM currents from LISN.

Liine = Icp +Ipy (M
Newrat = Tcu =Ty (2)
LGrouna =2 Icy (3)
Viine =50-Ucps +1pps) ()]
Vveurat =50+ (Ucas = Ipyy) (5)

A.  RF Current Probe

RF current probe is a clamp-on RF current transformer
designed for use with EMI Test Receivers/Spectrum Analyzers,
or with any similar instrument having a 50 Q input impedance,
to determine the intensity of RF current present in an electrical
conductor or group of conductors [7]. Fig. 4 shows the RF
current probe within bandwidth 10 kHz - 250 MHz. The
maximum primary current from DC - 400 Hz is up to 100 A
and the transfer impedance (Z,) is 5 Q [8]. The performance
of the RF current probe may be expressed in terms of sensor
transfer impedance: Eqn. (6). Where V. is the voltage

out

developed across a 50 Q termination on the output and ! HOS
the current flowing through the conductor being measured. The
probe transfer impedance is often expressed in terms of dB
which can be calculated the measured current from Eqn. (7) [9].

£ -

(b) Side view
Figure 4. Toroidal RF current probe.

(a) Top view

v

s out
Z, =—ou

cond

Icond(dBﬂA) = Voul (dB/“V) - Z(dB)

(6)

M

B.  EMI separator

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

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

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

The line-ground voltage (¥, ) and neutral-ground voltage
(V) are connected to EMI separator, using Eqns. (8) and (9)
for voltage across switch at A and B position respectively.

+ Verase - + VNeuTRAL -
Vsu * V_DM Vew =Vou

-HP

W, 0r2V,,,

Figure 5. Paul-Hardin noise separation network schematic.

WVio Vil =Ver + Vou| Wers ~Youl =[2Von] ~ ®
Vi +Vao| =V ers + Vom |+ Wt —Vou | =[2Veu|
or |2V = Vo = Vgl =502,y | (10)
Vel = Wi + Vio| = 50:21 | (11)

The output is |V, = ¥,| for 2V, defined by Eqn. (8) and
V.6 +Vye| for 2V, defined by Eqn. (9) and lastly, leakage
between the DM and CM at the output should be small because
noise measurement between the DM and CM must be
guaranteed small interference [S]. The impedance of two inputs
are 50 Q within 20 percent tolerance according to CISPR 16-1
standard because both of them have to connected with LISNs.
The CM output impedance of network is very closed to 50 Q
(in range 45 Q — 50 © at 150 kHz — 30MHz) but for DM
output impedance is nearly 20% tolerance from
50 Q (35 Q =50 Q) as shown in Fig. 7. The performance of
EMI separator can be described in term of rejection attenuation
value of both modes; some papers call “CM/DM rejection
ratio” [2], [10] as shown in Fig. 8.

(a) Outside
Figure 6. Paul-Hardin noise separation network.

(b) Inside
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Figure 7. CM and DM output impedance of EMI separator.
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Figure 8. CM and DM rejection.
III. MEASUREMENT METHODS

. RF Current Probe Measurement

Figs. 9 (a)-(b) show basically method to measure DM and
"M noise, respectively. However, the measured results of DM

nd CM are double (27, and 2/, ) caused by sum of current

ectors in same direction. The current probe is usually clamped
etween the EUT and the LISN as near as possible. In some
MC standard current probes, such as the DEF STAN 59-41
)CEO1, have to away 5 cm from the LISN connection on the
ower lead [7].

¢

(a) Measured 2DM noise (b) Measured 2CM noise
Figure 9. RF Current probe measurement method.

. EMI separator Measurement

The second method to measure DM and CM noise
omponents are displayed in Fig. 10. LISN-1 couples voltage
om line-ground while LISN-2 couples voltage from neutral-
round. Output of separator is connected with 50 Q terminal of
pectrum  analyzer. In addition, coaxial cables (50 Q) with
NC connector are connected with two RF output terminals of
ISNs for coupling line-ground and neutral-ground signal
imultaneously.

Figure 10. EMI separator measurement method.

IV. EXPERIMENTAL RESULTS

In this section, noise floor between the RF current probe and
EMI separator are measured first for using as reference levels.
There are three noise floors: RF current probe, CM EMI
separation and DM EMI separation which are the same level of
noise floors about 25 dB.

Meusured results of 27, and 2¥,,, are divided into three

sections by comparison results between RF current probe and
EMI separator. Firstly, noise source is measured without filter
components this is a full noise condition as shown in Figs. 11-
12. Secondly, adding two X-capacitors between line and
neutral, 0.47 pF, as shown in Figs. 13-14, which show DM and
CM comparing between RF current probe and EMI separator
with and without filter components. A dash line prefers to EMI
measured result when filter components are added in the
circuit. Finally, two Y-capacitors are added across line-ground

and neutral-ground, 0.2 puF, as shown in Figs. 15-16.
dBuv

100

90

80

70

60

EMI separator (2DM)

My | b

10 ¢ i1 TN AT
Al HET i 4

30 "*‘kh r"’?h’z.»_’*ﬁh # y

20 Current Probe ill).\ll

1 10
{Srart = 0.15, Stop = 30.00) MHz

Figure 11. The comparison of W, between RF current probe and
EMI separator.
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Figure 12. The comparison of ., between RF current probe and

EMI separator.
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Figure 13. The comparison of v, when adding C, filter between
RF current probe and EMI separator.
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Figure 14. The comparison of 2v ., when adding Cx filter between

RF current probe and EMI separator.
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Figure 15 The comparison of w when adding C, filter results between

RF current probe and EMI separator.
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Figure 16 The comparison of ., when adding C, filter results between

RF current probe and EMI separator.

V. ANALYSIS

From Eqn. (6), the transfer impedance of the current probe
(Z;) is 5 Q and the measured current 7, is represented

by 21,,, or21,, as follows;

Vouccsy =(5) 1y and ¥V, pppy = (5)- (2 ) (12)

Where Vouricmy

differential mode output voltage measured by RF current probe
respectively.

Then, multiplication Eqn. (12) by two to compare with Eqns.
(10)-(11) and inverting them to dB values using logarithm
function.

The compared results show the different value between
using RF current probe and EMI separator about 13.98 dB.

The experimental results as shown in Figs. 11-12, can be
realized by the theoretical expression as mention. Fig. 13
shows the performance of X capacitor filters. The DM EMI is
decreased about 20 dB while the CM EMI has a little changed
as shown in Fig. 14 and the difference between RF current
probe and EMI separator still about 14 dB. Figs. 15-16 show
EMI results which are mitigated by Y -capacitors. The
performance of C, can suppress noise about 5 dB for common
mode and nearly 0 dB for differential mode

and ¥,y are common mode and

VI. CONCLUSIONS

The separation of conducted EMI measurement, measured
by RF current probe and EMI separator, is compared. The
attenuation value between RF current probe and EMI separator
is about 14 dB, realized by the theoretical and experimental
results. The performance of EMI separator has been realized
using the convenient EUT as EMI toolkit. However, it should
be noted that the EMI separator, which is low cost, can be used
at low-medium power level because the saturation of wideband
transformer while the RF current probe can be covered the high
level.
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Abstract

This paper presents the analysis technique to integrate the
common-mode inductor with the differential-mode inductor. The
volume of proposed integrated inductor is designed to achieve the
cqualed volume of that common mode inductor. There are three types
of EMI filter bascd on winding patterns. Winding technique arc the
conventional common-mode choke (CM), integrated common-mode

choke (ICM) and proposed integrated common-mode choke (PICM).

The electromagnetic interference of those differential-mode
inductor and common-mode inductor are analyzed. The proposed
integrated inductor can be applied to the new EMI filter. The result

can be proved by simulation and experiment,
Keywords: EMI filter, CM, ICM, PICM
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