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This thesis presents a study of snubber circuit affects on the power MOSFET with
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Tumsnaaou n3emsia EMI  szdesiimsdfidnmnasgiuvesginsel uagitos

ITYYIUTUAIU uasgﬁﬁuﬁuﬁi%ﬁumﬁﬂ EMI deiivaszdunlseme JLAVNINIA gAY
WIUHIA 1Y

1. Military standard 4611/462: MIL-STD-461/462

2. Institute of Electrical and Electronics Engineers:IEEE

3. American National Standards Institution: ANSI

4, Comite International Special Pertubations Radioelectrique: CISPR

5. International Electrotechnical Commission: IEC

6. Federal Communications Commission: FCC

7. British Standards Institution: BSI

8. Verband Deutscher Elektrotechniker: VDE

9. European standard: EURO

10. Voluntary Control Council for Interference: VCCI

%ﬁ‘nﬂ‘lﬁwuf&ﬁnffmé’wﬁwmmmmu Comite International Special Pertubations
Radioelectrique: CISPR  16-1 éamqﬁ'ummgm yon. 1441-2540 Tutszmealng 318w
nasgvesgUnsel nazitmsiadaanusuniuing uazgiiquinldlumsia EMI

3.4.1 M3daagUnIel (AIINATFIM WeN. 1956-2542 Yo 8.1)
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WINIFIUNITIA cﬁa‘luﬁﬁwé’wﬁmmmmgm 18N, 19562542 40 8.4 ANAWBFoIMsTANS

ginsal dananslugii 3.6
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3.4.2 MIVATZHIUNY
& ' a a a
- 119 BUT #adszasnldldauuulfe 0.4 was vienszuiuoneds Tavg lunuiaand

¥ '
YUIADEINTION 2 AT x 2 IUAT LOEABISAYTZUz0taTBY 0.8 1uas MIndiuA Tangdulag nie

3/ [ ]
A A dlrll

szwuinoui L ldlludwues EUT  dwimsdaulfenduiunissuniu ssug 0.4 was 911

Yy a 3 &

o o = L. o a A:’ < = = Y ow
Sravsfumisthanilsveanlfondy drihmsialuuinunaaeuiunidanse luldenyuiums
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SUNIU 5202 0.4 AT 01991999R Uz uu Tans luuulseay
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¥
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iy Tanealossuuiue1ade ssuriud1ededestuRuduveuves EUT ad1ation 0.5

aT uaz#’fmﬁmmﬂﬂdwﬁau 2 AT X 2 1UAT

= 9/

P ] a . o -
- 1AAUDNDIVDI AMN uaz IaseiudusnIwaNuaAuY (impedance stabilization

v
=

¥ [
network; ISN) Avsaadhiuszinuiudsdsdsdnhiduigamngila

o o

3.4.3 Yadadyanamssunauiumasivan vlvh

9

o o [y 1 [~ o’: ° [
Tumsadaanamssunudumaniman v sziidudaddadyaanssuniy

U v

Wumnasguseds ileveniiadnavessedudyanumuiiuanudae Auraslugili 3.7

140
130 1 — | The average limit is shown
dotted below the QP limit
120 cmmeste l
s i 4 ~~ CISPR 11 Group 2
110 1 I P Class A >100A/phase
< 100 - with voltage probe
=
D goq -------- CISPR 11 Group 2
= e 3 I\ /,// Class A
] B = = : — CISPR 11 Group 1/
70 \_' CISPR 22 Class A
60 1 -~ . ] \CISPRHGmupsl&zf
50 .. . J R EE CISPR 22 Class B
40
0:1 MHz 1 10 100

= o o [ 1

3.7 IaNad M UMsUNINsZwHIUNIA NN T IU CISPR

=b.
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1IngUN 3.7 uaadiednveuduiadinan1suns v Id Y IMNITIUAIUAUNIG
] o 1 v o 4 (Y
utman T dumedaih MuunIgiu CISPR11 waz CISPR22 F915znOUAIL 2 52AU fiD

seau A dmFulsanugaamnssuuag seau B dmsuthudnoidouazduinau

1 [ = a o d
3.4.4 159NNy Ua e sMWONNIAS
@ Qs ] a u’; o 9 = ] [

Jumsiadayaunissunufumaudmaniilniu Suiudelilnssroundatie
faeTWd sz 5oy (Artificial Mains Network: AMN) w30 lasa9i05nyuadosnin
a o 0 ey . 4 & o -
Sufuau (Line Impedance Stabilization Networks: LISN) Fuilugilnsaiinandhiilunis
wondynusuNINNdImsia emmslinneddygiusuniu Taowseadimsizimlansy

aanaaslugili 3.8

M ey 7 250pH 50uH meeaseeerd N

L O ARRY {Ym I > L
8uF 0.25uF

B ) Equipment

under test

5 =
m 23
0
| ¢

8 ¢
Nal

N
=

high-pass 500
fiter "'@ receiver

Earth reference point l
% Ground plane

Network duplicated for each phase and/or neutral

ﬂﬁ 3.8 ’Ni]ﬁ‘Uﬂ\ﬂﬂ‘idﬁﬂtﬁﬂBTLﬁﬂUiﬂ'lWﬂiJWLLﬂu"D' AMN/LISN

AMN/LISN ﬁuﬁﬂﬁwﬁwﬁﬂmummgm CISPR 16-1 (50 /50 pH+5 Q) daft

1. aunsednynadosnmdufiuaudssnivaelundas meveaumatiofugans 1l
$198a1nei 7150 Q Taulifamienhiidanaumiioni1 so pa deagda Smuanuisaud
150 kiz 430 MHz fauaaslugd 3.9 Taof 50 /50 pH+s Q 1ddmsu Lisn 111 uazso
Q50 pH+1 Q 198 m 3y LISN fildmagouluanngaszuagai 500 uouil

B, mmsnuﬂﬂﬁmfummmuﬂﬂaauaanmmﬂmimua wiegunsaifiegnoldnis
naaou (Equipment Under Test: EUT) mamwmmmnmmﬂm

3. aunsaaaneudyassunauinfuundssie nihmdnesn Ty 114 Taslild dhg
suufifideiaeg uaziennulasasislunismaaoy asiinisreyad1adarss AMN/LISN

a9AU
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 S—— :
| +20% tolerance | [ e
500 --d-cercncbonanan P . --.‘----'-:_* ----- G :
3 AT s
a A soqusopH LA Y :
2 P v 0
2 s : ) L | socsuH + 10 ;
o 2 H 7 I H
& b ) I
'%“';‘_‘:‘ 3 ‘ t
SkHz T /souH + 50 b
L
2 a
: ;
10kHz 100kHz 1MHz 10MHz 30MHz

314 3.9 nswlBuuaudiuadves InsevisnuuadosnmBuRLAUST AMN/LISN
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s o @ P ol B & S
IDIRDT WITATUUIUDI 'i')iJﬂQ‘Uuﬁ'EIUﬂ-l'jﬁﬂH'mTﬁﬂq UASNAT DY "]S'Qﬁi']ﬂagkﬂﬂﬂﬂ\iu

4.1 29951ANDUIIDSINDS

a a s o o
21ITAANDUILAVUIIAULVVIAABUNIDIINBST  (step down converter: Buck converter)
1 =i o o o o as & =
wilsznoudan 2 daufiddigfo astianounesines  wazdsesaugudyyuiad  Feezd
= ar dy
swaziduadatl
J95aAneUTERULsIRULLLTARoUNeInes 1 e ARAM1Ae 100 Jad  aaneulsaiu
' s e 1 4
2110 100 Thad aamde 50 Taad, nszuaivan 2 wend Tavyaululnuanssuansiios uaz
§ ' ¥ ] Y 1
Tnuanszueliseodion Mmsianudadagas 50 kHz, @ lada 0.5 (luTnuanssuaaoiio)
) " a o o L4 o o T a od o o a a [}
usasnszaen Ay 5 Wosidua Thavimusngadu liifu 5 Weskiud uaziszdnsnmla

° | s d o
d1n21 70 1lesiua

4.1.1 MIPRNMVVMIKHE?

o ' as ~ o o o o ¥
nndoyadananawsoesnuuudanisniuazdunulszy ladail

T=— (4.1)

R 5 Ol (4.2)

50
100

=0.5
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1 =DxT (4.3)
=0.5x20
=10 ps

ty =(1-D)xT 4.4)

{10,520 10"
=10 ps

Framunaainda (us)

o 9
Avuald ¢

FramuraraIadiila (us)

1l

iz

£ = anudlumsadaa (He)

P
To(rated) ~ V_Z- (4.5)

2
50

=2.4

ANuA Al =10%Io( rated ) (4.6)

=0.1x2

-0.2 4
Ay ¢ = 5%Vo 4.7)

=0.05%50

=25V
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1. Yo (Vd-Vo)
Al fxy g (4.8)

50x(100-50)
0.2x50x103 <100

=2.5 mH

v ¥
FuiuAaena L., =5 mH (luInuanszuaseiiad)

' 4 o dy d4 A4 o oA v
1Lﬁ$ﬂ'lﬂ']'llllﬂ'1.4U’Juﬂfluﬂmﬂ’qﬂ1’I‘J$1’IN']"I,.I1HTﬂnﬂﬂizllﬁﬂﬂmﬂﬁﬂ'lhlﬂi]'lﬂ

(1-D)R

27 (4.9)

Lmin =
_(1-0.5)x25
2%50x10°

=0.125 mH

¥ )
Faiuaena Lygn= 0.1 mH (lulvuanszualideiiioq)

4.1.2 myvenuuuAuivlszy

{ 1 a T a 1w d
fAwseRuszaon iy 5 % naums 4.5 uaz 4.6 aunsommaunuilszglaan

aUNIT 4.8

Al

... M. (4.10)
SxfoVC

) 0.2
8.50x10° x2.5

-0.2 pF

aarjuaenal C = 1,000 uF
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4.1.3 manenuamHafda
9/ o o o =y a’: a { o o Py
msidenlsnuuematidslumsianunuuadasiiu Fandeen1iledenie Ias1nan
wi&' ‘Y\I o '1 wa® ° A ﬁ ar = P a o
wlriuvemaidiluvasiihnszuauasngainssua meilesnumsi@onisiionnfaiu &
wonszagl1d 4 ad1efle
- o o " o ci 3
1. YAUTIAUAINTOUATULAL WBTH Ve gaganianusonu la
2. mnszud I gegaiamnse naduld T hiv 1 Iassadhanoluide
3. YasiaiipanInmnNuAUMHINE NN ZIE Ry(on)
4 AAINANITIZUIWANNSDUVDIAING

= T o { oo [ Y Y
nszuad Inadumines veamaiiitaminy 2 ueui Tasiiuseduviesngegavesnin

] [
- a oo o

o @ A & a n’: 9 A [} '
119379 50 T'Jﬁ“ﬂ ANUADUADNNANALTIAUNNINN 50 TIan

o u’: o o 4 & = ar 4 A
autududenlduedmasiduves IRFP 460 Faiinfaussaugega 500 Taan uaziing

nszuagagn 20 wewil figamgil 25 ssmusaiod uag 13 uoud figamgdl 100 sasusaiFoa

1 o d
Tagiismanuaumuanziinszua 0.27 Tovy

s

4.1.4 msaenlaloamas

o a1 a

iieaninnouneiinedziiainnuilumsiinugsdio so Alawing dniulaloasids

- Y A

A1 unouneimesseiuihidesdiqguaiianaluddine

1. Tusedunnasenvaizthinazuadh

2, finafuddu

3. ansonuaelaga

suhiRudenlalentdeviia gandvhadsfniness Taudonld MUR wes 460 Fafian
usaeuLen (peak voltage) 600 T1an nsvuaueausnd IWdwesHanisne (peak rectified

forward current) i1y 4 wowdl

4.1.5 MI2NUUVIRIMVANT YU
@onld IC wed TL494 ieldaiuduyanaduvemwaiids uaziiteulvlumsada

[ P} 9 a = d o u’: o 9 -
YAIUAD ADINITANUD 50 1FTND AIHUITHIATULIAINITNINIU (T) ulﬂﬁﬂﬂﬁllﬂ'lﬁ“ﬂ 4.11

T-— | (4.11)
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v A dl [ 1 o 1
wia1 R, wag C, Falylumsadiannud Tasmsimuas C, (lunisAmuan C, aw1se

q1dv1nnslu data sheet) udnihundruamuaunish 4.12 Taofmuaai C, = 0.01 pF

) 1.1
RtxCt

(4.12)

f

Rt=5.5 kQ

E
@ o

audanlFadumuisua ldvuia 10 kQ

4.2 19950V

4.2.1. MIVONUVVID ATV T 115U Power MOSFET 1a1u8 50 kHz

1AMsnaaey Power MOSFTs Tuvmziidaliilddersaseniuwesoz ldmeneg g

td
@ =

in1Flumsdmasmivug vea Ls, Ry, Cs, uaz Rs 1adail

f =50KkHz
tp =03 ps
Io =2 A
Vd =100V
mea Cs lannaums 2.22
Tt
By utll
2Vd
_2x0.3x10°6
2x100
, =3 nF
Jariudenat C, iAuniny 3.3 nF
MM Rs 1dnnauns
R - va (4.15)
02%,
_ 100
0.2x2
=250 Q

£
a

uaena R, Uaumny 250 Q

[



AV g =100V
AVds max ~ 100 VAV g5
I =0.2 ps

w1m Ls Mdonaums 2.33
_AVds <ty
Io

) 100x0.2x10°
2

Lg

=10 pH

v
Faudona L daumnu 10 pH

WaTNY Rys Manaums 2.36

wiom Ry, MRnnaumsamnainei

Tr =
4 Ris

fmuald 1, =02 ps 3o 1% ¥03 T
Ly

L

Rps

) 10+10C
0.2x10°

=50 Q

Y
gariudena R, BA190U 50 Q

agueenvesiagunsalaivied
1. 74995 RCD ahinwes: Cs = 3.3 nF, Rs =250 Q, D, = MUR460
5 2995 RLD atfuies: Ly =22 pH, Ris= 50 Q, Dis = MURA460
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AN TNIETMIMNU
1.1 Nilaesaiviwes
1.2 Tdressenivwesuuy RCD aiuiwes
1.3 Taeeseniuiwesuuy RLD siuiwes
1.4 Tdreeseinweduuy RCD wag RLD iuiwes

:i 1 ¢ a o o " =t =
Mm99 5.3 Mgilnsalsevensesmivwesuuuae lunsdifnui 1

. 2993 RCD muues 2993 RLD wfuwes
ANMITMFNNY
R, C; D, Ry L Dy
1.1 - ; ; - . }
1.2 250 Q 3.3nF | MUR460 - - -
1.3 - - - 50 Q 10 uH | MUR460
1.4 250 Q2 3.3nF | MUR460 50 Q 10 uH | MURA460
M9 5.4 ns@AnR 2: (Au-aavinadgUnsalmivwesuuude)
LRl ANITMIMNU

2.1 Wiuva C; mnmaiduam 200%

2.2 anuua C; AR 200%

2.3 FLULIA L 1Tisuan 200%

2.4 aAULA L MNiAImI0 200%

MR 5.5 AgUnsaiaeveansmivwesiunan Tunsdifnuii 2
. 2993 RCD mviunwes 2193 RLD avfuiwes
ANITMINNY
R, C; Dy Ry, L Dy

2.1 500 Q 6.8 nF | MUR460 - - -
L2 500 Q 1.8 nF | MUR460 - - -
2.3 - ; . 50Q | 22pH | MUR460
24 % - - 50Q 4.7 pH | MUR460
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] v ¥ L
M15190 5.6 ASAANEIN 3: (NU-aAAIN LxiAa)

fau ANNITMIMNU
] EA
3.1 inAf lafAadiu 75% Taolilduasldreeseiviwesuuuaieg
30 anddn lnRatlu 25% Taslulduazldresmivwesiuudieg

a 1 ¢ a W d ] = =
M1519h 5.7 Argalnselvsavesaesmivwesuuuaiey Tunsdifinui 3

. 2993 RCD avfunues 2993 RLD aviuiues
aAMEMIMNY
R [ B Ry L, Dy
| - - - - - -
. 5 2500 3.3nF | MUR460 - - -
3.1.3 : : " 50Q | 10pH | MUR460
3.14 250 Q 3.3nF | MUR460 50 Q 10 uH | MUR460
2] : ; . : : ;
322 250 Q 3.3nF | MUR460 - - -
391 - - - 50Q | 10pH | MUR460
324 250 Q 3.3nF | MUR460 50 Q 10 uH | MUR460
a5197 5.8 nsdANYT 4: (Ru-aendlumsaings)
A TNITMIINNY

4.1 Wunnuaadatailu 100 KHz Taehilduazldresmivwesiuudian
42 aaanvamIataiiu 25 KHz Taolilduazldasesaivwesuuume

ci ' d o ) L4 ] =t P
fA1319N 5.9 ﬂ’lf‘]‘ﬂﬂ‘jmﬂiQﬂﬂQUQQiﬂuﬂlﬂﬂillUUﬂqqq Eluﬂimﬁﬂ‘kl‘m 4

. 2993 RCD miuwes 2393 RLD sviuues
AANTMINNY
R C; D, Ry Ly Dirs
4.1.1 - - - E - B
4.1.2 250 Q 1.8 nF | MUR460 - - -
413 - : . 50Q | 47uH | MUR460
4.1.4 250 Q 1.8 nF | MUR460 50Q 4.7 uH | MUR460
42.1 - - - - - -
422 250Q 6.8 nF | MUR460 - - -
423 - - - 50Q 22 uH | MUR460
424 250 Q 6.8 nF | MURA460 50Q 22 uH | MUR460
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Ay FAMTMINNY
4.1 Tnuanszue ideiios lildrwsmivies
4.2 Tnuanszua bideiiosldrnesaivwesiuy RCD mivwes
4.3 Tnuanszua lidodiosldravsaiiuesiuy RLD aviuwes
4.4 Tnuanszue Wideiiosldesmivwesiiuy RCD+RLD aviuiues

o 1 ¢ a o o ' ~ P
M13197 5.11 MYUnTITIVDIINRTAUVIUDINVUAN) Tunsdifinen s

. 2393 RCD wyuiues 2993 RLD avfuiwes
ANMTMINMNU
R, Cs D; Ry L Dy
5.1 - - ; 5 ; -
5.2 250 Q 3.3nF | MUR460 - - -
53 - - - 50Q 10 uH | MUR460
5.4 250 Q 3.3nF | MUR460 50 Q 10 pH | MURA460

5.2 N5910909

¥ v ' )
Tunsgnut viensrnisety suduedebafitedsaiinssiassmainuvesissiels

' ° a A A 9 9 A o F ' ‘ﬂ
ADUNINITINANDIVIUTUD mamz"lﬂmmuu'ﬂuuﬂiawamsma‘lummmu I 'lelllﬁTll

wanns wiengud ndemseenuuuniely uenifieldlunsnlsuiounan 1naaean ldon

M53A959 INDBUIUANNEDANADINUTZNININGYE) MITIADI LATHANIITNADDY

o u’: ° g 1 =1 n’i‘ w 1 g1 o Y]
mMssraseriuasantld lngdw azadn wazsdasa nelsendanildeie Tavilingu

2o Ithuewanisnaasslaglidesinisnaassasanon uazluntee 14 11sunsu PSPICE

o & o Ll i 1] H s ol G.J
Tumsiane delusunsudenardly Tusunsufldauednanievne uazdufveusuiualan

b4
o o o o 4 Y o 1 @
Tun1531899015N19IUVDINITUAADULIDIADT UALIVITAUVIUDIUVUAING UY

0 ¥
2219150051 PSPICE nosdu 9.1 Tasliswaziduansil

1. yoalan1as (power MOSFET: IRFP640)

2. laTonf1da (power diode: MUR460)
3 nasuAY (starting time: O ps)
4. ynfuga (stopping time: 30 ms)

E
5. 9u121g9qA (maximum step: 0.02 us)

° o 3 v ) s a
N%ﬂumsmaaamsmqmuu i]a‘iﬂizﬂi’)‘ﬂﬂ’JUl!.“r‘iﬁ\‘l"i]’lEJul‘V‘lﬁ'ILLU'Uﬂ“ﬁ U1 100 Tan

] v 3 '
A48 50 1830 Aanaasluzyh 5.1 uazlumsiasamial EMI unaziiu93in8uanusnIy
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a a a  d a o o @ 4 w
anmmu%(LISN) 199505 A%s AR IHdR3 2easaiuiwesuuy RCD aviuiwes uaziuy RLD

ar s L a a a = ] s P
avuwes ¥almsyiuygenees dwdaalumsiei 5.6 nazaeslumstiaes dwaaslugiin 5.3

29

MOSFET
o b 1o
H

RLD Snubber

RCD Snubber

uli

MOSFET
C{- Ju

TFT

N
S+
w

RLD Snubber

€

2

MOSFET
o

E; ] o /a i o
517 5.1 29931AneunD MBI N1 lunmsdiaes
(M 1d1993 RCD aiuiwes
(v) ld2995 RLD miues

) 182995 RCD uag RLD avivivos



M13197 5.12 M1EAINIUTvdiaeeslumsiaes

Component Circuit symbol PSIPCE model
— Rp Lp
Wire AAATTYTL
C C Rp Lp
Capacitor - s AL
1z
LYY
L Rp
Inductor YL AN
Cp
| 1
[
D D
MOSFET G B o
S R
MOSFET MOSFET
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5.3 MINAavl

s

anlFlunmsia

]

o : = o A A o e o
TumsnaaoImsninueedgesiu wiigldnsal HAzATOWDIA NN

£

e EMI e dail

1. EMI Recevier (HP / Agilent E7401A 9 kHz-1.5 GHz)

2. LISN (EMCO 3810-2HP / Agilent 11967D)

3. Transient Limiter (HP / Agilent 11947A)

4. Oscilloscope (HP / Agilent 54845A (1.5 GHz 4 CH Digital Oscilloscope)
5. Power Quality Analyzer (Fluke 43)

6. Current Probe (HP / Agilent 1146A)

7. Impedance/Gain-Phase Analyzer (HP / Agilent 4194A)

8. Test fixture (HP / 16047D)

Tumsiadyann EMI %::ﬁmws'“J’ﬂﬁ'mumumeUﬂauﬁuws'maﬁam (conducted EMI
emission) luupuInuAsIy  (common mode) 51%@%z’a’ﬂﬁ'muapmSUﬂ'Ju'Iudmmmﬁ'ﬁ'iguwi
150 KHz — 30 MHz lavins$annagunsafineg awnasgu CISPR16 Tagazyimssde LISN
Mlunessawveamsia Lﬁ"mwﬂﬁ'muapmsumuﬁﬁ’mmﬁﬂ dailugunsosiianey  EMI

& o a ' { @ =
Faronfunsuiiumesdiuyana (PC) Tavaaesnmuluves LISN ld dwaaalugii 5.3

250 uH S0 uH POWER OUTPUT

COMNNECTION
LhE 1 YY) YYYL TO EQUPMENT UNOER TEST

R_1 .

35K T— 2uF
TYPE IEC-320
POWER INLET L

2 cz
8K ‘ 2wF

LINE 2

L2
250 W4

39 5.3 2993muTues LISN (EMCO 3810-2HP / Agilent 11967D)

o o e 3 ° a a g o [
wazlumsimmsSadaana EMI tiusgiinsia Tasluaenlassunsumsia EMI a3
uaaalugUf 5.4 unzfasznoumsdentes dwdaalugii 5.5 uazlunisnaaedsss agims

af1999sfunuy deudaslugdin 5.6



Supply —»| LISN -+ AC/DC » DC/DC »| Load
v
EMI Recicever
51 5.4 vienlaozunsun1sia EMI (conducted emission)
O] L i

1]
1
a

\

2

MOSFET P
L n a \/ DSI .

AC LISN

EMI Receiver

51t 5.5 20957114 lumsTa EMI

DBridge Gate driving Buck
rectifier circuit converter

RLD RCD
snubber snubber

31 5.6 2vsdunuyildlunisnanes
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9 o

ﬁ;ﬂw%sé’l’mmuﬁ%’ﬂmwﬁu sxl3zneudasEIuA1eg fidh R F95I0AZIDIARN 1Y it
1. 299505 a%15nf IWdioes (Bridge rectifier)

- Bridge rectifier ie3 KBPC 35-04 #ifianszid SA. 400 PIV.

- dufulszy wiiadidalas ladn A21ug 2,200 pF Afausaau 200 V.

LY o o
2. 29950ANDUB5MBST (Buck converter)

]
= =

- uoaafnga 1wes IRFP460 fifiausaau 500 V, 20 A figungu 25°C, 13 A i
geungil 100 °C HagAMIMUNIU Rasen 0.27 Q
-laToafde ﬂfﬁﬂt}ﬁﬂ%ﬁﬂﬁﬁ 1o MUR460 finaussiu 600 V, Ananssua 4 A
- §amiteni wieunumles 159 vua 1.45 mH
- fufuilszy wiladidn Inslodn A2y 1,000 pF NNALTIAU 400 V
3. 29959VLNY (Gate driving circuit)
- raesadadayanaiad IC wes TL494
- 29959009 IC 1wes MC14049UB
- 2995001 18 Te Taan IC wwes H11L2M
4. 3seiuwesuuy RCD mivwes
- Fd UMY Filawsad vuia 250 Q, 5 W
- fufuszy asitaTwa Tw'Indu Awy 1.8 nF, 3.3 nF, uaz 6.8 nF (WIMA MKP10)
-'lnTenmds wilaganivhan wed MUR460 ifausadu 600 V, 4 A
5. asafuwediuy RLD aiuiuws
- F@ iy wiiawsad vina 50Q, 5 W
- Famionihnmage siiames s vuia 4.7 pH, 10 pH uaz 22 pH

- laTeanas ﬁﬁﬁﬂqaﬂ?mmﬁ wo3 MUR460 #ifiaLsaau 600 V, 4 A



Vs : 4 " :
Tuuniiszsznoudionamssiaes wazHamInAael FeezilszneudensdifnyIAeg
S & A w & 2 o yd = o o
sedy 5 n3dl danaaalumsei 6.1 Flumssnesszuaailviiunamsiauieau uag
"q ' Y o ] g [
naveams ild uazldravsmivwesiuudg santanalusudyarnsuniu EMI Tagldnn
o & da \':!‘ A o
Hafdu FFT fiflegluTusunsy PSPICE wazlumsnansnivsszilsznoudiognaudyao

v 14
A9 wazmsnaglnanmsihnueesns nnould wazndaldravsmivies uazgaiives

UNN 6

Had1a9lazHan1INAa0d

ot ar A s
SluwamsIadaanasuniu EMI daznfSvuioulfinumsaadayaasuniu EMI

aTuwesuuuaee luamemstinunuanaaiy

M5197 6.1 nsdianu1N ¥ lunmsnaass

o o
feu nIAIANEN
1 1 [l w o 1
1. Taild wazlareesariuiesuuun1eg
- s d W 1
) IWY-a9 'u'uwummgﬂﬂsmﬁuumﬂﬁmumaq
a a t:ly a Y] d o
3, NU-2AA70 19AnU9979951ANDUINIOSINDS
a 4 a A @ o o
4 HNU-a9n1u0 lUMsaInFIU992995UNADULIDIIADT
5, wauu Tnuansihamein Inuanssuanoilos Wy Tnuanizua lineiiod
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6.1 M3sreamsMauleaduvesATUIIR IR

6.1.1 nsathildrsesmiuiwes

RG M1

Vpluse
Vi=0
V1 v2=15
% L TD =0Ons
100vVde — TR = 23ns
-T TF = 20ns

PW = 9.957us )

PER = 20us
Rload
25

) o o 1 w o an o1q w
514 6.1 2093msiraeamshinuiiosduyeaiesmivius (nsdi Wildvsmiviues)

JuU U

(M) (V)

y o ' d 19 1 as d
51 6.2 usaduanaIeIATU-BOT (V) (A3 hildasasminiwes) uaznimae

e o
e Lo /
o o

-

im wa e i v o e

tstop: 30 ms, tstep: 0.02 ps

T

(M (V)

51U 6.3 nssuaasu-aeTa (1) (nad lildesaivwed) unznmaey



(%)

Q)

()
51 6.4 Mdagapdte (Va x L) (381 hildasesanivies)

o

(n) MaAsgaydonasansiam (power loss)
(¥) yuzuoaWatinIzia (conduction loss)
Q)] YzaInTala (switching loss-turn off)

(1) ¥z aIngila (switching loss-turn on)

52
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6.1.2 n5aila29935 RCD avivwes

Rs Z Ds
Vpluse IRFP460 ': i
Vi=0 10 Cs
VA V2 =15 cG N T 33nF
" TD =0ns T 250pF \.
100Vde — TR =23ns i
_T TF =20ns !
PW = 9.957us
PER = 20us
Rload
25
=
0=

tstop: 30 ms, tstep: 0.02 ps

; o o g w L4 aq 0 )
51 6.5 2vsmsirasamshanuiiesduvesresaives (psdilaiess RCD aiuiwes)

wn o ]
) ’,/

(m ()

! a 1 =q 1 W <,
51 6.6 usaFuAnATRNIATU-BRT A (Va) (N38i102995 RCD miviwes) uaznwuy

e [
Lo oh
b Lo

“ | af

() (V)

jin 6.7 AssuaIRsU-¥03d (L) (M381d1995 RCD arfuies) uaznmuee



i

(M)

(¥
31]?"1 6.8 fndagande (Vas x Ios) (n38ildae93 RCD ariues)
(M) Mdagadoaneamiiie (power loss)
) vazuoaathinszie (conduction loss)
(,) ypzaandiila (switching loss-turn off)

(9) ymzaInga (switching loss-turn on)
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29.uASme 29, U50ms
o VDot Dad) ¢ 1{0w)

Q)]

51 6.9 mathamesgunsalmiuwed luaees RCD afued

(n) Udad Vs, VRs, IR, Ploss-Rs
() JUAyIM Ve, VCs, IC;, Ploss-Cs

ar

(n) gUdyaN Ve, VDs, ID;, Ploss-Ds
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6.1.3 n3ala2995 RLD aviuives

Dis Rls

MUR460 50

Vi V2 =15
% L TD =0ns
100Vde — TR = 23ns
.T‘ TF = 20ns
PW =9.957us

PER = 20us

RG M1 l_\
Vpluse o
V1=0 :j

Rload
25

tstop: 30 ms, tstep: 0.02 ps

1 ° o § 8 v it :
51 6.10 290smsdranamshanudesduversesmiviwed (N1 162993 RLD eI uIu03)

() ()

4 ar [ { Y] o
gﬂﬁ 6.11 LT IFUANATOUATU- DT oI (Vis) (ﬂifﬁﬂlﬁidﬁ)‘s RLD ffUUIUDT) LAz TWILY

. .mr
o

31 6.12 nszuaasu-wos o (i) (n3ild993 RLD aniuiues) wazmmuey



(1)
gﬂ?} 6.13 fdagaude (Vus % L) (1584162995 RLD adues)
(n) MAsgaydoaneamingu (power loss)
() vuzuodnaiingzua (conduction loss)
(m) vz adInditla (switching loss-turn off)

(@) yzaIngila (switching loss-turn on)
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\wl;—\—_f——\__—j—_—k_—_
w
& ¥(MIig, ML

F i |

¥ T L2 T Ls

i
o WiRlmid,kinilh
"
1 | lL | lL
& 1iRLa)
1
(™
SEL>| l r r
i%.94%ma 19 950ma 29.940ma av.u7cme 24, 9M0mn Ju.uvime 10, 000ma

Q)

B VIHLrg,Hl1a)

100V

l l

o Vil Ly

= L T e
A
* lika}
s

i T | f
=100W. +
23.345me  19.950ma

® ViLasl, Las2) ¢ DiLa)

29.940ma 29.970mn 29.900ma 25 . 950ma 10, 000ma

"
® VMg, ML)

”
4 ViDIa11,Dlei2

—

v 1{Din)

| l —1 | |

] l

a%.94%  29.,9%0m
& VIDlasl,Dlaed) = 1(DLa)

49, 960ma 4%, 970m8 49, PHOm 2%, 99t M0, e

31 6.14 mshanuvosginsaiaiuwes Tuaews RLD aifued

(M) gUd N Vs, VRis, IRy, Ploss-Ris
() yUdy N Ve, VLs, ILs Ploss-Ls

as

(M) yUdyN Ve, ¥Dys, IDys, Ploss-Dis

o
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6.1.4 N3a1la2995 RCD+RLD aviuiwes

Dls Ris

MUR460 50

Ds
MUR 460
Vpluse M
V1=0 Cs
Vi V2 =15 T 330
' D = Ons ,
100Vde — TR = 23ns
i TF = 20ns !
PW = 9.957us

PER = 20us

Rload
25

tstop: 30 ms, tstep: 0.02 ps

4 ° o 1 o g o @ o,
517 6.15 2vsmMsHravsmsmhandiosdu .smivwes (nsdildases RCD+RLD miuwes)

511 6.16 ussdunAnasouATU-B0T (V) (M3dild2995 RCD+RLD arfuiues) uazniwuuiy

| 1
2o,
.

() (V)

51 6.17 nszuaiasu-soia (1) (n3911d2995 RCD+RLD eiuiues) nagnwuyiy




()

(9)
5 6.18 Mdagapdu (Vs x 1) (n3dild2995 RCD+RLD mifuines)

() MAGYToAaDANITNINY (power loss)
() vazvommimizua (conduction loss)
(M) vaszadadiila (switching loss-turn off)

(9) Yz aInTA (switching loss-turn on)

60



M3199 6.2 a5UNavRITIT DB LU DAIeY ATAemsTnuveaemvaids

61

Peak power
a | e || e |
TNITMINY (W)
V) (A) voff o (V/ns) (A/ns)
1. lldhaesaiuiwes 107 5.1 100 100 1.000 0.123
2. ldsesmiuwesuuu RCD 100 4.4 25 110 0.364 0.136
3. ldeesmfuivesuuy RLD 112 33 148 30 1.133 0.054
4. Tahavsmiuwesuuy RCD+RLD 100 4.2 28 40 0.421 0.080
Meef 6.3 asnavesiesmiviwesiuumie Afidensgayduian

. Switcg;gg loss Sw'Ii‘;)ctl?ilng Conduction Total

ANIENITNINIU Iogé loss loss

t-off t-on (W) W) (W)

1. Wilehavsmiviues 0.258 0.067 0.325 1.750 2.075
2. ldrsvsmfuwesuuy RCD 0.120 0.050 0.17 1.620 1.790
3. ldrsvsmiuwesuuy RLD 0.379 0.083 0.462 1.575 2.037
4. Tehsesaniuiues iy RCD+RLD 0.161 0.011 0.172 1.571 1.743




6.2 M99l HNAMINNUYRI9935 (Truanszianeiios uaz hineliie)

LpL1 RpL1

Y Y AMA
VW

250nH 0.01

D1 D3 Vpluse

vizo
MUR460 78  MUR460 V2 =15

1 1D = Ons
TR = 23ns

Vi TF = 20ns

62

PW =9.957us
VOFF =0 =CF PER = 20us ¥WH
VAMPL = 100 2200uF

FREQ = 50

Omain Cmain
D2 D4

MUR460 ZS MUR460 7%

3

tstop=30 ms, step=0.02 ps

o 1

51 6.19 2995l lumsSavegUndudyanunszuariuduntionimdn I,

29.945ma 3995 0ma 33,96 0mn 25,9 T0m

Tine

(M)

(V)

ar

517 6.20 namisSrnesgUaaudyan 7

v o
'

M Tnuansziaaoiiion (Lnancon = 5 mH)

@) Tnuanszna luaoiilos (Loaindis.con = 100 pwH)
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1
dy

6.3 N1591909WAVBINDIAHVIVBINY 'ﬂﬁﬂﬂiﬂﬂﬂﬂul?ﬂilﬂﬂﬁ

ay 1 s d
6.3.1 N3 Elﬂ%ﬂﬁ?\iﬂ‘i aUHUVIVDI

o1 D3
MUR460 78 MUR460 ZS

V1

VOFF =0 —cF
VAMPL = 100 T 2200uF
FREQ = 50

Dmain
D2 D4 75 MUR460

L Cmain Rioad
1000uF 25

MUR 460 MUR460 7%

tstop=30 ms, step=0.02 ps

| o o w o Qq LY o
51l 6.21 2:99smsiraesmshauvenasianeunedines (hildwssminwed)

H

)] ()

31 6.22 usssuAnATeMAsU-sRia (Vy) (N3t Tildraaseniuiwes) uaznmuene

(") (%)

317 6.23 nszuaAsU- 3 (L) (n3alhildavseniives) uaznmany



(M)
()
(M)

I MD0m 39 WIS 33 M00Am  I7 MO0Aas 31 WWGNW 17 Weliea 3% veslme  i7 maites 37 mGlem 1y Setleem
@ VI XL 5 DI o VMM ey LB

Time

()

517 6.24 Mdagandy (Vs x Iis) (hsdl lildresaiviwe?)

u g

ar =

(n) MAIYLAIAADANITNINY (power loss)
() vauzuoaNaiINszId (conduction loss)
(M) vouzaInFida (switching loss-turn off)

(1) vz ingia (switching loss-turn on)
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6.3.2 n3aila1993 RCD afuwes

Lpl1 RpL1
rmwv
250nH 001
RG i 250 MURASO
D1 D3 Vpluse W |"|__“ v
Vi=0 10 IRFNS()
MUR460 %S MURA460 V2=15 1 g
| 10 = Ons 2sapF .
TR = 23ns Lmain
Vi TF = 20ns
PW =9 957us -
VOFF =0 = CF PER = 20us SmH
VAMPL = 100 2200uF
FREQ = 50
k Dmain Cmain é Rioad
D2 D4 Z5 MUR460 == 1000uF 225
MUR 460 T MUR460

.|||

tstop=30 ms, step=0.02 ps

37 6.25 299smstasamsmhanveitesianeunesiaes (laas RCD mivives)

H

(M) (V)

517 6.26 ussduanasouasU-sesa (Vi) (182995 RCD Mriuiues) uaznmugy

) (V)

517 6.27 nszuaasu-e5a (1) (182395 RCD arfuies) uaznmnawy



ot

(9)
gﬂ"?'l 6.28 Mdagaudy (Vu x Ips) (182395 RCD miuiwes)
(n) Mdegaydonnoamsniau (power loss)
(V) yauzuomwmiingzue (conduction loss)
(A) vz Indida (switching loss-turn off)

€)] YEAINGIA (switching loss-turn on)
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6.3.3 n3aila29035 RLD aviuiues

Dis Ris
KW
MUR460 50
LpL1 RpL1 Ls .
250nH o0 1uH /.
PN
By
D1 D3 -
MUR460 7S MUR460 Z§ \
¥ Lmain
V1 NN
VOFF = 0 ,9 = CF St
VAMPL = 100 2200uF
FREQ = 50
Dmain Cmain
D2 D4 MUR460 == 1000uF
MUR460 Z§ MUR480 I%
0=

tstop=30 ms, step=0.02 ps

307 6.20 293msirasmamanuvensianeunesines (ldaws RLD miviwesd)

67

Rioad
25

- i1 e ar sama i visma fEpe— ER o a0 00

(M) (V)

317 630 usadunnasouasu-sesa (V) (ld1995 RLD avfuiwes) noznmwueny

) ()

51 6.31 szumasu-woTe (Iy) (lar99s RLD AdUeT) uaTNINYEIY




£
i
3
i
i
i
i
i

(V)
(M)
()

=

317 6.32 Mdagando (Vs x 1) (182995 RLD aiuiwes)

a =

(n) Masgaaunasansi1ay (power loss)
(v) vauzuoavatinszua (conduction loss)
() vauzaInTiila (switching loss-turn off)

(1) vz aIngia (switching loss-turn on)
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6.3.4 n3aila29935 RCD+RLD miuwes

Dis Ris
MUR460 50
LpL1 RpL1 Ls
VYY) AN i LYY YL -
250nH 001 uH /'
RG Mo MUR460
=
D1 03 Vpluse |,_
v1i=0 10 IRFPAen
MUR460 7S MUR4s0 7S v2=15 ) A
TD =0Ons ‘250pF e
TR =23ns Lmam
Vi TF = 20ns

PW = 9957us
VOFF =0 ==CF PER = 20us SmH
VAMPL = 100 2200uF
FREQ = 50

Dmain Cmain Rioad
D2 D4 ZIS MUR 460 == 1000uF 25
MUR460 11$ MUR460 Z%
0=

tstop=30 ms, step=0.02 ps

51 6.33 2993nsSransmiauvesnstianeunesines (Idaaes RCD+RLD miuies)

Ve

4 b 30 e i et o vim 2% veomn ar romm " $00m i9 900
.V y

Time

(M (V)

51111 6.34 ussdunnAIOUIATU-303 T (Vy5) (123995 RCD+RLD avuiues) uaza e

(M) (V)

317 6.35 nazumAsU- a03a () (12995 RCD+RLD miues) uaza ey



2 e 3% - v m— o v R e vremn

()
|
E T _(SU)_ - = =

31]‘?; 6.36 Aaagayde (Vus x L) (162995 RCD+RLD afues)
(n) Mdagaydonasansinnu (power loss)

(v) vz uomWninIzua (conduction loss)

() vazainila (switching loss-turn off)

(9) vauzadndila (switching loss-turn on)
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7197 6.4 agnavearesmiviesuuuaeg illdomsimauvsawsdmadid

71

s vl(:]iaal;e CI.ll):l?el:lt B v L
AAIZMINNU (W)
V) ) ol o (V/ns) (A/ns)
1. hildreseiues 108 5.0 71 70 0.78 0.21
2. ldhaesmivwesuuy RCD 100 8.9 20 80 0.26 0.35
3. T smivesuuy RLD 121 3.1 85 15 0.90 0.06
4. ldhavsmiviuesuuy RCD+RLD 115 4.5 20 25 0.29 0.07
AI519M 6.5 ajUnavensmiuIeULLA1Y ﬁﬁsiamsqtuutﬁumaq
. Switc(];i‘;l)g s SwTi‘toctls:ilng Conduction Total
TNNEMINTU L& loss loss
t-off t-on (W) W) ()
1. lildrsesmfuwed 0.35 0.05 0.40 0.05 0.46
2. Tdresaiuesuuy RCD 0.10 0.07 0.17 0.14 0.31
3. ldsesenfuiwesuuy RLD 0.35 0.01 0.36 0.06 0.42
4. ldrvsenfuiwesuuy RCD+RLD | 0.3306 0.01 0.32 0.13 0.46
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dsy 1

6.4 M3AINAVDIdATAN VIV NNAS EMI

¥
ar

o o 1 Q. { g) [ q‘ =
Tumsdiaeamana  EMI  1usuiluedutsiezdeslimsdivlianees  uazmui@y

o [ aa " ar d w u’: = 9 = o a a o L4 a
pansznouureaien AegludigUnial ANILIIARAINMTIINBINDANTTUNIDURIAUTYDIAT

Coll v o [ o qs: ' LY :
ginsaiange Aeusztirlildaslunsesmssians EMI Tasiiduneusien amrsanlugili 6.0

at 1 a

a o 3 o
1. IATDUNLAUY LLﬂZﬂ’lﬂﬁﬂﬂizﬂﬂ‘ULLN\i

]
=) =

a3 eduRuaugou lawes (hp 4194 A)

U

o o = a a L4 Y o
2. ‘mmsmaqumﬂimauwuﬂu%aamqﬂﬂim

#avTsunsy PSPICE

U

3. dfulqeareenilszneuunslunmsiians

Taolssumsuiumsialude 1

U

b ¢ g v o
4, u’]ﬂ'lf]ﬂﬂﬂ'i$ﬂﬂ‘]JlLNﬂﬂu1ﬂi]’lﬂﬂ'lift]'m'ﬂ\‘l

Tdaslun9asnissaes EMI

3 as o a a oA o Y o
514 6.37 Aanunmsineanginssuneduiuaugeaiiglns el

TumsSasanuais Tsund (SRF) e Hindeailosafidensuiuaudour lases
(Impedance / Gain-phase Analyzer) v948%0 HEWLETT PACKARD (hp 4194 A) Taw
fvua start freq =100 Hz, stop freq= 40 MHz, step freq= 1 kHz Tﬂﬂwaﬁ"lﬁ’lfu nanaalu
A5197 6.0

Fannfledduiirunniodufiuaudoulames (hp 4194 A)  amnsoudan

pantsznovrhiineg veadigUnsalld Tuhdesdsznouuraila T ld uaeesdaesdygo

sUAMAD 1



§ J ¢ A A " i o
3190 6.6 mﬂumqﬂﬂ'sm NNNUDA1 uazAIN UL Tauune (SRF)

73

o — (illg) mwesgUnsal inamidamag
25 kHz 50 kHz 100 kHz
G 3.3 nF 14.252 3.31 nF 3.32 nF 3.31 nF
Covz00% 6.8 nF 17.862 6.79 nF 6.79 nF 6.78 nF
Ce.200% 1.8nF 18.447 1.89 nF 1.89 nF 1.89 nF
i 1,000 pF 0.943 |  -641.54 uF |  -178.33 uF -46.60 pF
L, 10 uH 9.532 10.12 uH 10.12 uH 10.11 pH
Lozo0% 22 pH 11.372 22.15 pH 22.14 uH 22.14 pH
Lo 200% 4.7 uH 10.583 4.75 uH 4.75 uH 4.76 pH
| — 4.87 mH 0.890 4.79 mH 4.87 mH 5.27 mH
Liats gaseon) 100 pH 0590 |  10112pH |  10L18pH | 10221 pH

- e e

um‘s L‘st il
Bee CCUe ¥
Wew Coce

G LCWe w >

é wmmal

-.qq-l .

f@ﬂ@@““

S yuesagusiag

ﬂ'ﬁ 6.38 mamqmi'aﬂmﬂnmmwﬁ iazn1 SRF ﬂimmaﬂﬂim

m’
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° J
6.4.1 M3s1avamgANIIUMBNRNANTVeIgUnIRlnINY

6.4.1.1 AWnHe 1A (Lmain)

Vs
100Vac CL R2
0Vde @ AAA

start freq= 10 kHz, end freq= 100 MHz, total points=10 k

51 6.39 299sMITrnvangAnssUMeBIRUAUGYeIR UM Tl NIMAD

10M

(890, 021K, 205. 917K

§%

: /N BRI

10

1.0

100m

10KHz 100KHZ 1.0MHz 10MHz 100MHz
o V(Lmain:1,R1:2) / I(vl)

Frequency

31 6.40 wams$ravangAnssumaBufinauduesdaniioniman (SRF=0.89 MHz)

* PINAUMTN 3.3 AIT0AIUIUAT SRE 1A 0.89005 MHz
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(¥ A=i o a d
6.4.1.2 AANUIMITHVIVBS (Ly)

RP
— AN—————

' 201.32k 2
/)9 Ls R1 5@
10uH

0.001

Cls R2

VS ———— WA\

100Vac 27.85pF 0.001
Ovde @

=
=l

start freq= 10 kHz, end freq= 100 MHz, total points=10 k

§ ° =y a a o o H o o
31 6.41 29v3msiraeangdAnssumeduiinauduesdaumiivnihiviues

10M

/ 19.53™, 201.081K)

100K A

10K

/N
l.lJ"E A

100m:

10m

10KHz 100KHz 1.0MHz 10MHz 100MHz
o V(Ls:1,0) / I(VS)

Frequency

37 6.42 HaMI$ 10N ANTTIMIBIRLANFYeIRImTlunheTuwes (SRF=9.53 MHz)

* INAUNIIN 3.3 AUTDMUINAT SRE 18 9.536906 MHz
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6.4.1.3 Audulszqaciuwes (C)

i

7" Cs Lp Rp
___| I_W
3.3nF 37.8nH 0.1
VS
100Vac
0Vdc @
—:[....'—
=0

start freq= 10 kHz, end freq= 100 MHz, total points=10 k

H o a a a 4 v o @
51 6.43 2smsDravangAnssumedufiuauduosiuiulszymivives

10K

T

100 .

100m

(14.2%0M, 10p . 000m)

10m

10KHz 100KHz 1.0MHz 10MHz 100MHz
o V(Cs:2,0) / L(VS)

Frequency

4 ° a a A u W o
317 6.44 namitraeawgAnssumaeduiuauduosduduilszymivives

* 9INAVNISN 3.1 AIWITOMUINAT SRF 14 14.250078 MHz
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6.4.2 M391209M UV IV UTDETMWBNTUAUY (LISN)

ca Cc4

0.47uF 0.47uF

R3
3%k

R4
1k 507

start freq= 10 kHz, end freq= 100 MHz, total points=10 k

31 6.45 2931l umsasansihauvessinyuatosmwauRinaud (LISN)

I
P oy
1 //
30 // [
/
20
//
" /,/
-.,f
0 L1
30KHz 100KHz 1.0MHz 10MHz 100MHz

o V(R50:2,R50:1) / L(VS)
Frequency

‘dﬁ 6.46 Hamsmammmwm‘umawsinmmnusn*mauwuﬂw (LISN)



6.5 MI9100INAVDIIDITITVIVIING

6.5.1 nsatlalladrsasmiuwos

5197 6.7 LAAIAIANIZANTNINIUA N UDINTT

ﬂi’)')»?i'l'S‘Uﬂﬂﬂun'é)i!ﬂﬂiﬂ“lﬁﬂ'lu

EMI

Freq Duty cycle Vo Io Po Mode
50kHz 50% 50V 2ZA 100 W Con.
- . iy
+ W—t i
oo mES
! | 6 W
ni o | e [ 1&
Wheo B Wed f L Sy | ‘""
u i ! Dewg Tar | -
et 62 B | o A
a ; 0F T U TS 1 LT
H | i W 108 G
n | H PR DS | 1w
VOFF "; =0 [P }mﬁz 15L6) | o R®R ‘
e o0F )04 D Y] | |
FRE1:9) /_}] . / o
Bwam Lms
o1 gm.z ?um
R ot ui o g 20
Y i m
WRHD | WA

tstop=30 ms, step=0.02 ps,

517 6.47 2093719 ums$raeamsdygasuniu EMI (hildassmiviwes)




79

100 dBuV  :

sodBpVvV |

60 dBpV

40 dBpV

'mh

20 dBpV |l
0 dBuV |
JKHz 1.0MHz 10MHz 30MHz
o V(R8:1,GND _EARTH)
- Frequency
51 6.48 namssravamsdaanusuniu EMI (hildrasmiuwes)
1 @ d
6.5.2 N38ila993 RCD aviutuos
4 1w w 3 1
ﬂ1iN1‘dl 6.8 LA AT ULIUDILUL VRN
18993 RCD e’
RS Cﬁ‘ DA'
250 Q 3.3 nF MUR 460
[} Ci Ml u
—-U—-‘—-!k"-‘-\rr—""""\‘l
e
) R LR |
r r PO =~
u u e w ™ " T0pF
S Y, H Y
Ll s | o m Ve :":‘9 ”»
¢7us; e wiw & wiw 5 il za T e
. o | [ o1 ) Moo o Pl o
i Y Y3 §;!u §§ iﬂ aF > 0F = 00F ‘,’,,.’:5 S
ni ! : %nw i PER 2205 Comd o am
FRES | i : ! ﬂsw nz'»; -
’ 1 4 §’: é % EI'::IA = o o
! w %;’ H gn .Z\; i - it E::‘-c-\ rh:s'&. Hg_::m §_
» . ..Ir:lla' ot C:m‘ (23] W [, ‘{ rii it! f£3
SYOVYLLYYY,
Pt |

tstop=30 ms, step=0.02 ps,

311 6.49 19057114 lums$1avemsday

7]

T e
e § 4

e 3
%

anasunad EMI (ldhavs RCD mifuies)
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100dBpY |

80 dBpV

60 dBpV

40 dBpV I "f”"'“ i

il

T . . - g 1
JKHz 1.0MHz 10MHz 30MHz
o V(R8:1,GND_EARTH)

A M | i T

20 dBpV R L

b

0 dBpV

Frequency

51 6.50 wamsSravamsdyanasunau EMI (ldases RCD miuiues)
6.5.3 n3aila993 RLD aviuiwes

H 1w o I'd '
A15197 6.9 LEAAINIAITHVIVDTHDVAI)

1914995 RLD miuiwes

Rs Cs Dy
Rt
e
™3
u pr
nml
i Rplt :mr Aplad
‘ Y i \q\
u u i : oo mso i
!YM.,JYW\. i RG
2K M o 0 [ ‘E w
ja s | B RFP
EXIT N whid & wReo ek e ¥
n o0 s A 1
sl G [T A0 Tidms | e RSA
FEEY gn " Er SoF Tt | A
5 a 1 s ok e
wn i i =T \ PER 1205 L 0001
@ | : Ler e [re [res) Pl Ram
:':Ss;m ; rl_, Tné H BH o i i
L P T R
1 Ewam = W ;m
| i Rl g RpLG1 § RpLG) 5
a S 10 1] Som
1 ; ]
» ! m gt Il
WRED . WA
i
LG ke
1K 0
LG
1o
G
L
in

tstop=30 ms, step=0.02 ps,

5101 6.51 29057 1 umsSassmsdaanmsunan EMI (162393 RLD miuiwed)
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100dBpv |

80 dBuV

60 dBpV

40 dBuV

‘ ¢_||_|n|ii_|h i Y
Wil

20 dBpVv

0dBpVv

JKHz 1.0MHz 10MHz 30MHz
o V(R8:1, GND_EARTH)

Frequency

517 6.52 vamsSravamsdyausuniu EMI (12995 RLD afues)
6.5.4 N3aa1995 RCD+RLD wvfuies

M15197 6.10 LAAIIRINT VLB LU VA

191993 RCD+RLD wiiuives

Rs Cs Ds Ris Ls Dis
250 Q 3.3nF MUR 460 50 Q 10 pH MUR 460
Aplst L
A b,
i WA 10F ;wm
u Apa2 |
PR 7, W VY- R |
1aH am ‘ L) o
™t At Cpsl Rplsd A
LIV Nl e A
wHooom TEF O e
e —
nl o0 Vose mg | [
wiw 5 Wi B | | R ® i &
i | ks - b1
i G | opG2 | Opo) THides : Lo e R®A
s T 00F ToF  TFaes —
'I' H P 08 W
\ PER+ 205 Sk (1.2
FCF §m¢| BlG2 (053] =% EE
0 J 0K v ey el
| F L ¢
B wis = vk At
g A1 § RALG2 R G) 3
oot ] o
nd wid al il bk
I ref i
J WRHD | MR ‘
T e e
o { B
8
g VoH

tstop=30 ms, step=0.02 ps,

517 6.53 20vsit 1 lumsiraesmsdyanasuniu EMI (ldases RCD+RLD avluue?)
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100dBpv | i

80 dBpV

60 dBuV

40 dBpV

20 dBpV

|
0 dBuV | ‘ ! |

}:
N

JKHz 1.0MHz 10MHz
o V(R50:2,GND_EARTH)

Frequency

317 6.54 wamsraeansdyanmsuniu EMI (laa9es RCD+RLD aviuwes)

30MHz



100 dBpV

80 dBpV

60 dRuV

40 dBpV

20 dBpV

0 dBpV

100 dBuV

80 dBuV

&0 ARV

40 dBuV

20 dBpV

0dBuVv

100 dBuV

80 dBuV

60 dRuV

40 dBpV

20 dBpV

0dBpv

100 dBpV | T | 1[;‘ I
|
|
t

80 dBpV

60 dBuV I

40 dBuV

20dBpVv

AN B f
0dBpvV r ’ ' 1 ! L

(3)
1J=?"| 6.55 ajUifSvuinsuramatiaesmsdeyausunIu EMI
) W ldrsmiuwes)
@) 182993 RCD ariuives)
) 1d2993 RLD aiuiues)

(1) 182995 RCD+RLD aviuiuo?)

83
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6.6 HANIINANDI

=v= dl 1 1 (7] d 1
6.6.1 naaiany 1 (laila walarsesaiuwesuuuniag)

(n) 100 V/div, Sps/div (v) 100 V/div, Sus/div

(M) 100 V/div, Sps/div (9) 100 V/div, Sps/div

( FET V) 20 dBuV/div, 2MHz/div

31]'?; 6.56 LUSIAUANATDUATU-BBT T (Vi)
) ldreesaiuies
(v) larsesaiuwesiuy RCD
™ ldrasaivwesiuy RLD

@) larvsaiuwesuuy RCD+RLD
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(m) 20 A/div, Sps/div () 20 A/div, Sps/div

(M) 20 A/div, Sps/div (9) 20 A/div, Sps/div

( FFT Iy) 20 dBuA/div, 2MHz/div

gﬂﬁ 6.57 NzuaATU-v05a (Iys)
) lildseseiuwes
() lasesenfuwesiuy RCD
@) ldeseiuesuuy RLD

@) ldrvsaiuwesuuy RCD+RLD



36

i A

1 i
-m-n¢~w--.w..i--,~ %r’ﬁ”ﬂ'-ﬁﬁ'}mfv‘* _— p.xw}‘nwm‘: ,1,‘,’*’;‘4'-«-»-- i
3 1 | i

T A LA TR -
prepos—r—pr I i
(M 1 kW/div, Sps/div (v) 1 kW/div, Sps/div
LRt i l&--n-c—e—?—Aw—-&“LVPD"F;"M‘%M-“—-—q»g.-.,l.-‘-ﬁ»%rﬁﬂ"éﬂ“%lL'A*-q. g ﬂ-wwﬁmw%’ﬂs)mﬁ%vm w»j-o-——.é’#:}ﬂ'mw’n‘:\:ﬁi\-.—..« .-‘-\‘-.....u‘%;n—f:m- .

(M) 1 kW/div, Sps/div (¥ 1 kW/div, Sps/div

gﬂﬁ 6.58 M I gaudo (Pross) fuomuamds
) Wildreesmiviwes
@) ldrsasaivwesiuy RCD
() ldraeseniuiwesiuuy RLD

@) larsaiuwesuuy RCD uaz RLD
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! LY o ' i 3 ° o o
ﬂ'l‘i'Nﬁ 6.11 ﬁiﬂﬂﬁ‘ﬂﬂﬁ?ﬂ"ﬂ‘iﬁll‘]JL‘lJfJill‘lJ‘Uﬂ'N"] ﬁliﬂﬂﬂ'l‘iﬂ?ﬂ’”‘ﬂﬂ%ilﬂﬂ'ﬁ"ﬁfﬂﬁﬁ
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2 vgiiilg(e ClIl) :fe};t vt i
THNEMINNIH
V) (A) (V/ns) (A/ns)
1. lildreasafuied 205.5 30.5 1.41 0.88
2. ledhavsafuesiuu RCD 145.3 32.6 0.25 0.95
3. leeeseniuiwesuuy RLD 275.4 19.4 1.66 0.19
4. Tohavsmivlwesuuy RCD+RLD 187.5 10.2 0.29 0.26
m31a 6.12 agnavearsesminwesuuuAIe filnomsgapdoag
. Switc(l&;n)g lusy Seri‘toctl?ilng Conduction Total
TNITNINU inss loss loss
t-off t-on (W) (mW) (W)
1. hildsaseiviwes 2.23 2.31 4.54 0.51 4.54
2. ldaesaiuesuuy RCD 1.82 2.46 4.28 0.48 4.28
3. ldvseiulwesuuy RLD 2.01 0.55 2.56 0.46 2.56
4. ldesmiviwesiuy RCD+RLD 1.84 0.58 2.42 0.45 2.42
319 6.13 agUnavesTmiveSIuUAY fifdelszAnsammsiianuyedas
aNMEMININU P, (W) P, (W) %
1. lildhsesentuiwes 117.81 100 84.88
2. lehavseniuwesiuy RCD 119.63 100 83.59
3. lahsvsmiuiuesuuy RLD 121.24 100 82.48
4. ld9asnTuiwesiiuy RCD+RLD 122.15 100 81.86
M3t 6.14 agUHavEIMTUBT LAY fifide Taavianiaagiadu
TNIEMINNU Vno-load Vfull-load %Vreq
1. lildreesefuwed 52.21 51.23 1.97
2. ldhsesanduiesuuu RCD 52.35 51.32 2.01
3. ldrsasmiviwesuuy RLD 52.42 51.24 2.30
4. ldvsmiuiuesiuy RCD+RLD 52.55 51.35 2.34




= R A a s s d 1
6.6.2 NIUANEIN 2 (WIN-t\ﬂ‘lﬂﬂﬂﬂ’JﬂH‘U!‘I.IB‘Slm‘LIFI'N‘])

88

() 100 V/div, Sus/div

(v) 100 V/div, Sps/div

(m) 100 V/div, Sps/div

(2) 100 V/div, Sps/div

(FFT Vy) 20 dBuV/div, 2MHz/div

gﬂﬁ 6.59 LLSIAUANATOUATU-1DT A (Vs5)
() 3diANNIIA Cs+200%
(V) nsdlanvin Cs-200%
(M) nsdiivIIn Ls+200%

(1) nsdlanvia Ls-200%



H
: 3

L et
; -

(M) 20 A/div, Sps/div

(;) 20 A/div, Sps/div

89

(v) 20 A/div, Sps/div

(9) 20 A/div, Sps/div

( FTT Iy) 20 dBuA/div, 2MHz/div

31]?; 6.60 NIUAATU-103 A (I5)
() 3difuvIa Cs+200%
(v) pstlanuua Cs-200%
(A) 3ifinvIa Ls+200%

(1) N3faAvIIA Ls-200%
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| ar sl 1 °
M99 6.15 A3UNAVDIIWINTVILDTNNADMINININVDINS

Peak Peak .
AANILMINNU Voltage | current ((:;:,f:) (dAlj::)
V) (A)
1. nsdilarsasaniuies RCD, Cs+200 % 125.5 35.7 0.15 135
2. nsildnasaiuies RCD, Cs-200 % 167.4 30.5 0.39 0.12
3. 561995 ai U RLD, Ls+200 % 289.2 14.4 1.78 0.08
4. nigild995aiuIUDS RCD, Ls-200 % 263.7 22.6 1.45 0.14

3139 6.16 A3UnAYERT T VIVBS LLUA1NY NTAIMITYTOA19

Sw:tocsl;ing 'I_’ota-l Conduction | Total
aMIEMINNY (W) Sw'l“h"’g loss loss
0SS
t-off | t-on (W) (mW) W)
1. nsdildeesaniuiues RCD, Cs+200 % 157 | 2.51 | 4.08 0.45 4.08
2. n3dilasesainwes RCD, Cs-200 % 195 | 248 | 443 0.47 443
3. pstild9aseniuwes RLD, Ls +200 % 2.11 | 0.23 2.34 0.43 2.34
4. nsdlldeseniuiues RCD, Ls 200 % 205 | 067 | 272 0.49 373
M 6.17 ﬁ;ﬂwmanamaﬁuma%ﬁﬁﬁaﬂﬁx?m%mwmsﬁmmanmi
ANNEMININY P;(W) P,(W) %
1. nsdlesasmiviwes RED, Cs +200 % 121.4 100 82.37
2. nsdildaeaseiuiues RCD, Cs-200 % 118.5 100 84.38
3. nsdila99saiuiLes RLD, Ls+200 % 122.3 100 81.76
4. nydildrvaseniuwes RCD, Ls-200 % 119.6 100 83.61
M4 6.18 azUnaves AT UIIBT LU fifide Taavianimaniadu
TNITMIMNNY Vno-load Vfull-load %Vreg
1. nsfilaaeaseariuiues RCD, Cs+200 % 52.11 51.12 1.94
2. nsalldrsasminies RCD, Cs-200 % 52.43 51.50 1.81
3. nsfilan9aseTuiLes RLD, Ls+200 % 52.35 51.12 241
4. psdildaeasaiiuies RLD, L-200 % 51.56 51.14 0.82




6.7 Wan15Ia EMI

=R o u 1 o d J
6.7.1 n3dianudi 1 : Talla-lasesaivwesuuumag

319N 6.19 LAAIAITAIEAITNINUAIE) YDIIDT

Freq Duty cycle Vo Po Mode

50kHz 50% 50V 100 W Con.

4 1w s o 1 { 1 1 1 a '
3197 6.20 LapeAsmiesuuUAen (nsdidnud 1 Tld-ldesmiuwesuuusian)

s d
Tehaesafuwesuuungg

Rs Cs Ds Ris Ls Dy

250 Q 3.3:nE MUR 460 500 10 pH MUR 460

dBuv

EN 8801 1: Class 8 Comdueted. Group | and X, {juasi-Peak

EN 55011; Class B Conducted. Group | and 2, Average without snubber

60 e . [_.‘ S

‘"’ / -_ / AMMM ﬂ ﬁ “W mr, i w’ i WY iy

31 6.61 naveadaygnasuniu (hildreesmiviwes)

dBuV

BN 431 Class B Conduarad. Groap | amd L GuasicPoak
20 L
EN 53011; Class B Conducted, Group | and 2, Average without snubber
70

50 e, r ; |= o S
40
30

» with RCD snubber

517 6.62 wavosdayanusuniu (ldeesmivwesiuy RCD)



50

40

20

10

FN 85011, Class B Conductal, Group | and 2, Quasi-Peak

EN 55011; Clus B Conductad, Group | and 2, Average without snubber

f
J
et ey

{ @ 1 w 4
519 6.63 waveadayaasuniu (lesesmiviuesuuy RLD)

dBuV

with RLD snubber
1 10
I'N 35011 Class 1 Conductad, Group 1 and 2, Quasi-Feak
EN $5011; Class B Conductad, Group | and 2, Average without snubber

with RCD+RLD snubber

1 10

517 6.64 wavesdyanasuniu (ldresmivwesiuiuy RCD+RLD)

dBuY

without snubber
EN 65011 Cues 8 Concucted, Groug | ana 2, Quasi-Peak with K70 snubber
EN 55011; Class B Conducted, Group 1 and 2, Average with #2213 snubbe

with RCD+RLED snubber

Vi ;l|"| J‘:’«i

R 'l-'!h:ir:"#q'ﬁ“ i d}"

ci ar ] 1 1 a o 1
517 6.65 wavosdyanusuniu (lduazldermivwesuunaien)

92



a13197 6.21 agUwanisdiu EMI nsaifnundi 1: hild-ldasesariuwes

93

. anldinde an ligaga
NIt
dBpv MHz dBuv MHz
1. ld RCD 3 15-30 17 8
2. 1d RLD 3 9-30 18 8
3. 1d RCD+RLD 5 9-30 19 8
6.7.2 NIGANNT 2 : ifiN-anvIIAVeIT IR
AI31T 6.22 UAAIFIANIIZAITIUAN VD03
Freq Duty cycle Vo Po Mode
50kHz 50% 50V 100 W Con.
M3 6.23 HAIMIAIATVILB S HUUA19
C, Aminauoe C,+200% C:-200% L, Aninave Ly +200% L;-200%
3.3 nF 6.8 nF 1.8 nF 10 uH 22 pH 47 uH

dBuV

100

Y0

50

40

30

20

EN 55011 Class 18 Coudinted, Grroap | and 2, Quasi-l'cak

EN 55011; Class 1) Conducted, Group | and 2, Averaps

without snubber

10

310 6.66 mavosdayanaisuniu (ldresmiviwesuuy RCD, Cs +200%)

Cs+200%-with RCD snubber



dBuV

100

90

80

70

60

50

30

20

BN SR s 1) Conducied Grosnp |and 2 s Phal

EN 35011 Clus B Conducted. Group | and 2, Averags without snubber

C,-200%-with RCD snubber

1 10

51 6.67 mavesdayausundu (ldresmivwesiuy RCD, Cs -200%)

dBuV

M 55011; Cluss B Conducies, Gioun 1 and 2, Guas Fuak

EN §5011; Class B Gonducted, Group 1 and 2, Average C-200%-with RCD snubber

C;+200%-with RCD snubber

1 10 -

517 6.68 wavosdaanusuau (drsesmivwesuuy Cs +200% uaz Cs -200%)

dBuV

80

70

50

EN 53011 Ulass B Condowted, aroup | aind 2, Grase Paak

EN 5501 1: Closs B Conductad, Group | and 2, Average without snubber

i B

N
TRy WHJ i

1 I i'\ !

L,+200%-with RLD snubber

1 10

5101 6.69 mavosdayanusuau (ldrsesmiviwesuuy RLD, Ls +200%)

94



dbuv

90

EN AL Clasa B Conducted. Group | and 2 Quasicfeak
R0

EN 35011, Class 1) Conducied. Group 1 and 2, Average without snubber
70

60 ’ - ) B o ) ) (7 e e s PR -

30 i

20 'L ,\. (! ‘ ool

L~200%-with RLD snubber

51 6.70 mavesdayanaisundu (Jadreesmiviuesuuy RLD, Ls -200%)

dBuv

EN GL01Y; Class B Conducten, Groun 1 and I Quas Peur

EN §5011; Class B Conducted, Group 1 and 2, Average £,-200%-with RLL snubber

LA

il WU

L,+200%-with RLD snubber

1 10

51 6.71 maveadayanusunau (Jdresaiuiwesuuy Ls + 200% iag Ls - 200%)

A9 6.24 agnamadiu EMI nsdifinenii 2 (Ru-aavinamiviwess 200%)

93

. anldinde anldgaga
NIt
dBpv MHz dBuV MHz
1. 1d RCD, C,+200% 5 15-30 17 8
2. 1d RCD, C,-200% 2 15-30 16 8
3.1d RLD, L,+200% 8 9-30 25 8
4. 14 RLD, L+-200% 6 9-30 20 8




T Y
6.7.3 NINANEIN 3 : 1AN-DAAIA 1A

AIT19N 6.25 LAAIAIAN1IZTNIINIIIUAIN VDT

96

Freq Duty cycle Yo Po Mode

50kHz 50%, 75%, 25% 50V 100 W Con.

H 1 ar ar o 1

ﬂ‘li'l\'l'ﬁ 6.26 LTANAINITUULIUDILUUUAING
n-ann Imfadlu 75%, 25%

Rs Cs Ds Rn’s L.\’ DI.\-
250 Q 3.3 nF MUR 460 50Q 10 uH MUR 460
aBuv

100
%
EN S50 1 Ulass 18 Condnstod, wnp | amd 2, Qusi-leak
80
EN 5501 1: Class D Conducted, Group | 3nd 2, Average D=50%-without snubber
0

D=75%-without snubber

] [

510 6.72 mavesdayanaisuniu Childrsesmiviues @@ lafia 75%)

dBuv

100

B0

13=50%-without snubber
T

50

0

pl]

n |
D=25%-without snubber

A ar ] [ @ ¢ a c? a
14 6.73 mavesdyanasuniu (hildrasaiuwes A ladn 25%)



dBuv

100

w0

pit)

0

60

50

30

10

97

EN 88011, Class B Conducied, Groop 1 amd 2, Quasi-Peak

EN $3011; Clas B Conducted, Group | and 2, Aversge 1>=75%-without snubber

D=25%-without snubber

1 10

[l 4
310 6.74 waveadyanasuniu (hildresmivwes @@ lmfa 75% uag 25%)

dBuV

100

80

70

FN 5501 Clasy B Conductod, Group | aad 2, Quasi- Faak

EN $5011, Clase 1} Conducted. Group 1 and 2, Average De=735% -without snubber

i wu it

D=75% -with RCD snubber

1 10

1 o’ 1 a o a dy =
3517 6.75 wovesdyanusuniu (ldresaivwesuuy RCD A0 lasfa 75%)

dbuv

100

LU

80

70

EN SEG: Class 18 Condusted, Gronp | aisd 2, Quas-T'eak

EN 55011; Cluss B Conducted, Group | and 2, Average D=75% -without snubber

. .. = \| | W"‘l .ruﬁ\
A UL i ]
! | ' D=75%-with RLD snubber

1 10

i [ 1 w o Y ;l =
gﬂ'ﬁ 6.76 HavoIdyMIunIU (ladasaduwesuuy RLD a2 lanfa 75%)



dBuv

%0

FN 330115 Class B Conducied, Group L and 2, Quasi-Pead
80 ) )

EN 55011: Class B Conducied, Group 1 and 2. Average 1>=75% -without snubber
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7.2.1.3 N3l £, =500 ns
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1. EMI Analyzer
HP / Agilent E7401A

Specifications:

Rear Panel Connector

Earphone: 18" monaural jack

Interface: GPIB

High Sweep In/Out: BNC, high TTL =sweep

Aux Video Out: SO0OW BNC, 0-1 V

Aux IF Output: 50W BNC, -10 to 60 DBM, 21.4MHz
Ext. Trigger Input: BNC TTL levels, positive edge trigger
Ext. Ref. In: 50W BNC, 10 MHz, -2 to +10 dBm

10 MHz Ref. Output: 50W BNC, 10 MHz, 0 dBm
Aux Interface: 9 pin "D" subminiature

Monitor Out: 50W BNC, NTSC, 15.75 kHz, 60 Hz
Weight: 12.6 kg (27.7 lbs.)

Please contact us for additional information or available options.
Portable EMC Analyzer, 9 kHz to 1.5 GHz

Frequency Specifications:

Frequency Range:

* 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) in 1-3-10 sequence
Video Bandwidth Range: 30 Hz to 3 MHz in 1-3-10 sequence
Amplitude Specifications:

Amplitude Measurement Range: Displayed average noise level (DANL) to maximum safe
input level
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Maximum Safe Input Level:

* Average Continuous Power: +30 dBm (1 W)

* Peak Pulse Power: +30 dBm (1 W)

* DC: 100 Vdc

Displayed Average Noise Level (dBm): (Input terminated, 0 dB attenuation, sample-
detector

* 1 kHz RBW; 30 Hz VBW

* 10 Hz RBW; 1 Hz VBW

* 1 Hz RBW; 1 Hz VBW (Option 1D5)

Input / Output
Front Panel Connectors

Input: 50 W type N (female) (Option BAB W 50 APC 3.5 m)
RF Output: 50 W BNC (female)

2. Oscilloscope
HP/Agilent 54845A (1.5GHz 4 CH Digital Oscilloscope)

Specifications:

Frequency Range/ Bandwith: 1.5 GHz
Max. Vertical Sensitivity: 2 V/div
Min. Vertical Sensitivity: 2 mV/div
Number of Channels: 4

Record Length: 65,536 pts.

Sample Rate: 8 GSa/s



3. LISN ( Line Impedance Stabilization Networks )
EMCO 3810-2HP / Agilent 11967D

Specifications:

LISN / PLISN
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Multi-line low pass filter networks used for ¢ onducted e missions m easurement.
They are placed between the power mains and the EUT (Equipment Under Test) to
stabilize line impedance, provide a 50 ohm RF connection, and eliminate unwanted RF
signals from the line supply. Designed to be used with a signal analyzer for making FCC

15, VDE 0871 & 0875, and EN55022 conformance measurements.

An Artificial Hand circuit which conforms to EN55014 is included. The circuit is useful
for testing hand-held equipment which does not have a connection to protective earth

ground.

Features:

Frequency Range: 9 kHz to 30 MHz

Continuous Current Rating: 10A

Earth Line Choke

Artificial Hand Network

Applications

Test Type: FCC-15, VDE 0871, VDE 0876, EN55022

Electrical Specifications:

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
Power In Connector: IEC power inlet with customer specified plug
Power Out Connector: NEMA®

Home - EMI/ EMC / RFI Test Systems

HP / Agilent 11947A
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4. Transient Limiter
HP / Agilent 11947A

Specifications:

Protects spectrum analyzer input from damage caused by high level transients from LISNs
( Line Impedance Stabilization Networks ) during EMI testing.

Features:

Frequency Range: 9 kHz to 200 MHz

Insertion Loss: 10 dB

Maximum Input Level: 2.5 W (+34dBm) continuous; 10kW for 10uS Peak; +12 VDC

5. Current Probe
HP / Agilent 1146A

Specifications:

AC/DC, 100 mA to 100 A rms, DC to 100 kHz

Frequency range: DC to 100 kHz (-3dB with current derating)

Current range, 1 mV/A: 100 mA to 10 A peak 10 mV/A: 1 to 100 A peak 10 mV/A ac/dc:
1000 mV peak

AC current accuracy, 100 mV/A (50 mV to 10 A peak) - 3% of reading +£50 mA 10 mV/A
(500 mA to 40 A peak) - 4% of reading +50 mA 10 mV/A (40 A to 100 A peak) - 15%
max at 100 A

Working voltage: 600 V max
Battery: 9 V alkaline

This AC/DC current probe provides accurate display and measurement of currents
from 100 mA to 100 A rms, dc to 100 kHz, without breaking the circuit. The Agilent
1146A uses Hall-effect technology to measure ac and dc signals. It is compatible with all
Agilent oscilloscopes and any scope with 0.2 to 0.5 V/div sensitivity, a minimum input
impedance of 1 M&#937; and a BNC input.
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SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control
circuit designed primarily for SWITCHMODE power supply control.

e Complete Pulse Width Modulation Control Circuitry

On—Chip Error Amplifiers
On—Chip 5.0 V Reference
Adjustable Deadtime Control

e Undervoltage Lockout

On—Chip Oscillator with Master or Slave Operation

Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push-Pull or Single-Ended Operation

MAXIMUM RATINGS (Full operating ambient temperature range applies,

unless otherwise noted.)

Rating Symbol Value Unit
Power Supply Voltage Vee 42 Vv
Collector Output Voltage Ve, 42 v
Vea
Collector Output Current lct Ic2 500 mA
(Each transistor) (Note 1)
Amplifier Input Voltage Range VIR -0.3 to +42 A
Power Dissipation @ Ta < 45°C Pp 1000 mwW
Thermal Resistance, Rgja 80 °C/W
Junction-to—Ambient
Operaling Junclion Temperature Ty 126 °C
Storage Temperature Range Tstg -55t0 +125 °C
Operating Ambient Temperature Range Ta °C
TL494B -40to +125
TL494C 0to +70
TL494| —40 to +85
NCV494B 40 to +125
Derating Ambient Temperature Ta 45 °C

1. Maximum thermal limits must be observed.

PIN CONNECTIONS

M ] 5]

inpt L2 15]
R EL 14]
Headine 13 13
cr(s] 12]

Ar (6] m

Ground [ 7 10]
opf S

(Top View)

® Semiconductor Components Industries, LLC, 2002
April, 2002 — Rev. 4

Noninv
Input
Inv

Input
Viel

Qutput
Contro

1
Vee
G2

E2

E1
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ON Semiconductor’®

http://onsemi.com

MARKING
DIAGRAMS
16
SO-16
- @ D SUFFIX TL494XD
CASE7518 [0 AWLYWW
1
1
16
PDIP-16 .
N N SUFFIX TL494xN
16 1
1
X =B,Corl
A = Assembly Location
WL, L =Wafer Lot
YY,Y =Year

WW, W = Work Week
*This marking diagram also applies to NCV494.

ORDERING INFORMATION

Device Package Shipping
TL494BD S0O-16 48 Units/Rail
TL494BDR2 SO-16 2500 Tape & Reel
TL494CD S0-16 48 Units/Rail
TL494CDR2 SO-16 | 2500 Tape & Reel
TL494CN PDIP-16 25 Units/Rail
TL494IN PDIP-16 25 Units/Rail
NCV494BDR2* SO-16 2500 Tape & Reel

*NCV494: Tjo,, = —40°C, Thjgh = +125°C.
Guaranteed by design. NCV prefix is for
automotive and other applications requiring site
and change control.

Publication Order Number:
TLA494/D
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Characteristics Symbol Min Typ Max Unit
Power Supply Voltage Vee 7.0 15 40 \
Collector Output Voltage Vo1, Vo2 - 30 40 A
Collector Output Current (Each transistor) lci1. le2 - - 200 mA
Amplified Input Voltage Vin -0.3 - Ve - 2.0 )
Current Into Feedback Terminal I - - 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor Rt 1.8 30 500 kQ
Timing Capacitor Cr 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (Vg = 15V, Cr = 0.01 pF, R = 12 k2, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values Ty is the operating ambient temperature range that applies, unless otherwise noted.

Characteristics Symbol | Min I Typ l Max | Unit |
REFERENCE SECTION

Reference Voltage (Ig = 1.0 mA) Vret 4.75 5.0 5.25 '

Line Regulation (Vgg = 7.0 V to 40 V) Regjine - 2.0 25 mV

Load Regulation (o = 1.0 mA to 10 mA) Regjoad - 3.0 15 mV

Short Circuit Output Current (Vief = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ie(offy - 2.0 100
(Voo =40V, Vcg=40V)

Emitter Off-State Current IE(of) - - -100
Ve =40V, Vg=40V,VE=0V)

Collector-Emitter Saturation Voltage (Note 2) \
Common-Emitter (Vg =0V, Ig = 200 mA) Vsaic) - 14 13
Emitter=Follower (Vg = 15V, Ig = -200 mA) Vsat(g) - 1.5 25

Qutput Control Pin Current
Low State (Voc = 0.4 V) locL - 10 - HA
High State (Vog = Vrer) locH - 0.2 3.5 mA

Output Voltage Rise Time ty ns
Common-Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) - 100 200

Output Voltage Fall Time t ns
Common-Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

http://lonsemi.com
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TL494, NCV494

ELECTRICAL CHARACTERISTICS (Vcc = 15 V, Cr = 0.01 pF, Ry = 12 kQ, unless otherwise noted.)
For typical values Ta = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted.
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Characteristics Symbol Min Typ Max l Unit |
ERROR AMPLIFIER SECTION
Input Offset Voltage (Vo (pin 3) = 2.5 V) Vio - 2.0 10 mV
Input Offset Current (Vo (pin3) =2.5V) o - 5.0 250 nA
Input Bias Current (Vo (pin3) = 2.5 V) s - -0.1 -1.0 pA
Input Common Mode Voltage Range (V¢ =40V, Ty = 25°C) Vicr -0.3to Vgg-2. \
Open Loop Voltage Gain (AVg=3.0V,Vg=0.5V1t0 3.5V, R = 2.0kQ) AvoL 70 95 - dB
Unity-Gain Crossover Frequency (Vo = 0.5V to 3.5V, R = 2.0 kQ) fo— - 350 - kHz
Phase Margin at Unity-Gain (Vg = 0.5V t0 3.5V, R = 2.0 kQ2) bm - 65 - deg.
Common Mode Rejection Ratio (Vg =40 V) CMRR 65 90 - dB
Power Supply Rejection Ratio (AVgg =33V, Vo =2.5V, R = 2.0 kQ2) PSRR - 100 - dB
Output Sink Current (Vo (pin 3) = 0.7 V) lo- 0.3 0.7 - mA
Output Source Current (Vo (pin 3) = 3.5 V) lo+ 2.0 —4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH - 25 4.5 \
Input Sink Current (V(pin3) = 0.7 V) I- 0.3 0.7 - mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpijn4 =0V t0 5.25V) Iis (OT) - -2.0 -10 pA
Maximum Duty Cycle, Each Output, Push-Pull Mode DCmax %
(Vpina = 0V, Cr = 0.01 uF, Ry = 12 kQ) 45 48 50
(Vpin4 = 0V, Ct = 0.001 pF, Ry = 30 kQ) - 45 50
Input Threshold Voltage (Pin 4) Vi \"
(Zero Duty Cycle) - 2.8 33
(Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (Ct = 0.001 pF, Ry = 30 kQ) firse - 40 - kHz.
Standard Deviation of Frequency* (Ct = 0.001 pF, Ry = 30 kQ) ofosc - 3.0 - %
Frequency Change with Voltage (Vg = 7.0 V to 40 V, T = 25°C) Afpse (AV) - 0.1 - %
Frequency Change with Temperature (ATa = Tiow t0 Thigh) Afgsc (AT) - - 12 %
(Ct=0.01puF, Ry =12kQ)
UNDERVOLTAGE LOCKOUT SECTION
Turn—On Threshold (V¢ increasing, lref = 1.0 mA) l Vin 5.5 6.43 7.0 l \ |
TOTAL DEVICE
Standby Supply Current (Pin 6 at Ve, All other inputs and outputs open) lec mA
(Vec=15V) - 5.5 10
(Vcc =40V) - 7.0 15
Average Supply Current mA
(Ct=0.01pF, Ry = 12KQ, Vipin 4y = 2.0 V) - 7.0 -
(Veg = 15 V) (See Figure 12)

* Standard deviation is a measure of the statistical distribution about the mean as derived from the formula, o

http://onsemi.com
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APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is
frequency— programmable by two external components, Rt
and Ct. The approximate oscillator frequency is determined
by:

fose ™ —1-1
RreCr
For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor Cr to either of two control signals. The NOR gates,
which drive output transistors Q1 and 2, are enabled only
when the flip—flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum
output deadtime to approximately the first 4% of the
sawtooth—cycle time. This would result in a maximum duty
cycle on a given output of 96% with the output control
grounded, and 48% with it connected to the reference line.
Additional deadtime may be imposed on the output by
setting the deadtime—control input to a fixed voltage,
ranging between 0 V to 3.3 V.

Functional Table

Input/Output fout _
Controls Output Function Tc; =
Grounded Single—ended PWM @ Q1 and Q2 1.0

@ Vret Push—pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on—time, established by the deadtime
control input, down to zero, as the voltage at the feedback
pin varies from 0.5 V to 3.5 V. Both error amplifiers have a

common mode input range from —0.3 V to (V¢ —2V), and
may be used to sense power—supply output voltage and
current. The error-amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator. With this configuration, the
amplifier that demands minimum output on time, dominates
control of the loop.

When capacitor Ct is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse—steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected
to the reference line, the pulse—steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single-ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output-drive currents are required for single-ended
operation, Q1 and Q2 may be connected in parallel, and the
output-mode pin must be tied to ground to disable the
flip~flop. The output frequency will now be equal to that of
the oscillator.

The TL494 has an internal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias
circuits. The reference has an internal accuracy of £5.0%
with a typical thermal drift of less than 50 mV over an
operating temperature range of 0° to 70°C.

A500k T T 1%
g ~= B e
5 Gy = 0.001 uF T Vog=15Y
5100k 5
- - .
a
w
B
[T
@
0.01 uF

g 10k Nrdla iN
S ~ =
w k‘
o

T =
By ox S >

500 = =

10k 20k 50k 10k 20k 50k 100k 200k 500k 1.0M

R, TIMING RESISTANCE ()

Figure 3. Oscillator Frequency versus
Timing Resistance
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Viet
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= = Vz=39V | I 5.0V I
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210 | |
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with V;, > 40 V Using
External Zener
+Vip =B.0V 10 20V
[
129 . Vg =28V
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LI Vee A 1 | 0
8 22
2| Gy Ep k é
1M 2 L
33k M L
H 31 comp TLA%4 }»—) B T 8
0.01 35
0.01 T8 _ Co 11 Tip| 50 ATk
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16 il
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REF L 47 1N4934 10
13| 14 41 5| 6] 7 9] 10
AN u 240
4.7k 10 § -
4.7k % 10k 0.’131
fo ¢]
All capacitors in uF
Figure 20. Pulse Width Modulated Push—Pull Converter
Test Conditions Results
Line Regulation Vin=10Vto 40V 14 mV 0.28% L1-35mH@03A
- T1 - Primary: 20T C.T. #28 AWG
Load Regulation Vin=28V,lp=1.0mAto 1.0A | 3.0mV 0.06% Secondary: 120T C.T. #36 AWG
Output Ripple Vin=28Y,lo=10A 65 mV pp PAR.D. Core: Feroxcube 1408P-L00-3C8
Short Circuit Current Vin=28V,R =018 16 A
Efficiency Vin=28V,lp=10A 71%
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1.0mH @ 2A
+Vip = 10V to 40V Tip 32A +Vp =5.0V
lp=10A
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Figure 21. Pulse Width Modulated Step—Down Converter
Test Conditions Results
Line Regulalion Vih=0.0Vto 40V 3.0mv  0.01%
Load Regulation Vin = 12.6 V, Ig = 0.2 mA to 200 mA 50mVv  0.02%
Output Ripple Vin=12.6 V, Ig = 200 mA 40mVpp PA.R.D.
Short Circuit Current Vin=126V,R.=0.1Q 250 mA
Efficiency Vip = 12.6 V, Ig = 200 mA 72%
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PACKAGE DIMENSIONS
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NOTES

(LS

. DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982,

. CONTROLLING DIMENSION: INCH.
. DIMENSION L TO CENTER OF LEADS WHEN

FORMED PARALLEL.
. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
. ROUNDED CORNERS OPTIONAL
INCHES MILLIMETERS
o[ MIN_ | MAX [ MIN | MAX
A | 0740 | 0.770 | 1880 | 1955
B | 0250 | 0270 | 635 | 685
C | 0145 | 0175 | 369 | 4.4
D | 0015 | 0021 | 039 | 053
Flooso | 070 102 [ 177
G | 0100BSC 254BSC
H | 0050BSC 127 BSC
J | 0008 [0015 | 021 | 038
K | o110 | 0130 | 280 | 3.0
L | 0295 | 0305 | 750 | 7.74
M | o°| w0°[ o°]| 10°
s [ 0020 | 0040 | 051 | 1.01
umes
1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982.
2. CONTROLLING DIMENSION: MILLIMETER.
3. DIMENSIONS A AND B DO NOT INCLUDE

MOLD PROTRUSION.

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
PER SIDE.

5. DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION,
MILLIMETERS | INCHES

| DIM[ MIN | MAX | MIN | MAX
A | 980 | 10.00 | 0386 | 0393
B | 380 | 400 | 0150 | 0157
C | 135 | 175 | 0oss | 0068
D | 035 | 049 | 0014 | 0019
F 0.40 1.25 | 0016 | 0.049
G | 127BSC 0.0508SC
3 | 019 | 025 | 0008 [ 0009
K | 010 | 025 | 0.004 | 0.009
W | o°| 7°| o°| 7°
P | 580 | 620 | 0229 | 0244
R | 025 | 050 0oto | 0019
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SWITCHMODE is a trademark of Semiconductor Components Industries, LLC.

ON Semiconductor and w are registered trademarks of Semiconductor Components Industries, LLC (SCILLC). SCILLC reserves the right to make
changes without further notice to any products herein. SCILLC makes no warranty, representation or guarantee regarding the suitability of its products for any
particular purpose, nor does SCILLC assume any liability arising out of the application or use of any product or circuit, and specifically disclaims any and all
liability, including without limitation special, consequential or incidental damages. “Typical” parameters which may be provided in SCILLC data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be
validated for each customer application by customer's technical experts. SCILLC does not convey any license under its patent rights nor the rights of others.
SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury o death
may occur. Should Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC
and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney fees
arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such claim alleges that
SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal Opportunity/Affirmative Action Employer.

PUBLICATION ORDERING INFORMATION

Literature Fulfillment: JAPAN: ON Semiconductor, Japan Customer Focus Center
Literature Distribution Center for ON Semiconductor 4-32-1 Nishi-Gotanda, Shinagawa—ku, Tokyo, Japan 141-0031
P.O. Box 5163, Denver, Colorado 80217 USA Phone: 81-3-5740-2700
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Email: r14525@onsemi.com

Fax: 303—675-2176 or 800-344-3867 Toll Free USA/Canada — ’ )
Email: ONlit@hibbertco.com ON Semiconductor Website: hltp://onsemi.com
For additional information, please contact your local

N. American Technical Support: 800-282-9855 Toll Free USA/Canada Sales Representative
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e B 0 e k| 6-PIN DIP
e me— OPTOISOLATORS LOGIC OUTPUT

S a2 S e
SEMICONDUCTOR?®

H11L1M H11L2M H11L3M
SCHEMATIC
ANODE |1 E}Vcc
¥
CATHODE 2| Is] GND
Bl 4%
1
DESCRIPTION Truth Table
The H11LXM series has a high speed integrated circuit detector optically Input Output
coupled to a gallium-arsenide infrared emitting diode. The output incorpo- H I
rates a Schmitt trigger, which provides hysteresis for noise immunity and L H
pulse shaping. The detector circuit is optimized for simplicity of operation
and utilizes an open collector output for maximum application flexibility.
FEATURES

¢ High data rate, 1 MHz typical (NRZ)

= Free from latch up and oscilliation throughout voltage and temperature
ranges.

Microprocessor compatible drive

Logic compatible output sinks 16 mA at 0.4 V maximum

Guaranteed on/off threshold hysteresis

Wide supply voltage capability, compatible with all popular logic systems
Underwriters Laboratory (UL) recognized—file #E£90700, Volume 2

VDE recognized — File#102497 - Add option V (e.g., H11LIVM)

APPLICATIONS

Logic to logic isolator

Programmable current level sensor

Line receiver—eliminate noise and transient problems
A.C. to TTL conversion—square wave shaping

Digital programming of power supplies

Interfaces computers with peripherals

* e © @ ® @

[t ot it o o o o e e A et e TP T e e
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malleimiallae OPTOISOLATORS LOGIC OUTPUT

[ R e e S
SEMICONDUCTOR®

H

H11L1M H11L2M H11L3M
M
ABSOLUTE MAXIMUM RATINGS
Parameters Symbol Device Value Units
TOTAL DEVICE
Storage Temperature Tsta All -55 to +150 °C
Operating Temperature Torr All -40 to +85 °C
Lead Solder Temperature TsoL All 260 for 10 sec °C
Total Device Power Dissipation @ 25°C Po Al 250 mwW
Derate Above 25°C 2.94 mwW/°C
EMITTER
Continuous Forward Current I All 60 mA
Reverse Voltage VR All 6 \%
Forward Current - Peak (1 ps pulse, 300 pps) Ie(pk) All 3.0 A
LED Power Dissipation 25°C Ambient Po Al 120 mw
Derate Linearly From 25°C 1.41 mW/°C
DETECTOR
Detector Power Dissipation @ 25°C Po Al 150 mw
Derate Linearly from 25°C 2.0 mwW/°C
V5 Allowed Range Vo All Oto 16 \Y
Vgs Allowed Range Vee All 3to 16 '
14 Output Current lo All 50 mA

ELECTRICAL CHARACTERISTICS (T, = 25°C Unless otherwise specified.)
INDIVIDUAL COMPONENT CHARACTERISTICS

Parameters Test Conditions Symbol Device Min Typ Max Units
EMITTER
I =10 mA 1.2 15
Input Forward Voltage Vg All \"
le=0.3mA 0.75 1.0
Reverse Current VR=3V Ir All 10 pA
Capacitance V=0f=1.0MHz C, All 100 pF
DETECTOR
Operating Voltage Range Vee All 3 15 v
Supply Current lF=0,Vgg =5V lcciof All 1.6 5.0 mA
Output Current, High lF=0,Vec=Vpo =15V loH All 100 pA

#

© 2003 Fairchild Semiconductor Corporation Page 2 of 9 3/24/03
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E— 6-PIN DIP
B v R | OPTOISOLATORS LOGIC OUTPUT
SEMICONDUCTOR®
=}
H11L1M H11L2M H11L3M
ISOLATION CHARACTERISTICS
Parameters Test Conditions Symbol Min Typ Max Units
Input-Output Isolation Voltage t=1 sec. Viso 7500 VpEaK
Isolation Capacitance Vi.o=0V,f=1MHz Ciso 0.4 0.6 pF
Isolation Resistance V.o = 500 VDC Riso 10" Q
TRANSFER CHARACTERISTICS
DC Characteristics Test Conditions Symbol Device Min Typ Max | Units
Supply Current g = 10mA, Vg =5V lcc(on) All 1.6 5.0 mA
Output Voltage, low RL=27OQ'VCC=5V’ |F=|F(OFI} max. VQ[_ All 0.2 0.4 \'
Hi1L1M 1.6
Turn-On Threshold Current R =270Q, Vg = 5V lFiom)” Hi1L2M 10.0 mA
H11L3M 5.0
Turn-Off Threshold Current R =270Q, Vg =5V IF(off) All 0.3 1.0 mA
Hysteresis Ratio R =270Q, Vg =5V IF oty F(on) All 0.50 0.75 0.90
AC Characteristics Test Conditions Symbol Device Min Typ Max | Units
SWITCHING SPEED
1.0
R =270Q, Vo = 5V, lg=I i
Turn-On time i Frien) Ean Al 0.65 us
Ta=25°C
4
R =270Q, Vg = 5V, Ig=I o1
Fall Time L o gt ISRy t Al 05 us
Ta=25°C
0.1
R =270Q, Vg = 5V, Ig=! =0
. ; L= » Voo =9V, Ie=lF(on)
Turn-Off Time T,=25°C tott All 1.2 ps
4
R_=270Q, Vg = 5V, Ig= oL
— L= 1 VCG = 2V, IF=IF(on)»
Rise time T,=25°C t All 0.07 Hs
0.1
Data Rate All 1.0 MHz
NOTE:
*Maximum Ig(opy is the maximum current required to trigger the output. For example, a 1.6mA maximum trigger current would
require the LED to be driven at a current greater than 1.6mA to guarantee the device will turn on. A 10% guard band is recom-
mended to account for degradation of the LED over its lifetime. The maximum allowable LED drive current is 60mA.
o o B e M A e S o st |
© 2003 Fairchild Semiconductor Corporation Page 3 0of 9 3/24/03
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6-PIN DIP
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SEMICONDUCTOR®
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Figure 1. Switching Test Circuit and Waveforms
Figure 2. Transfer Characteristics Figure 3. Threshold Current vs. Supply Voltage
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6-PIN DIP

o e e P
w OPTOISOLATORS LOGIC OUTPUT

SEMICONDUCTOR®

H11L1M H11L2M H11L3M

TYPICAL PERFORMANCE CURVES

Figure 6. Supply Current vs. Supply Voltage Figure 7. LED Forward Voltage vs. Forward Current
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© 2003 Fairchild Semiconductor Corporation Page 5 of 9 3/24/03
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6-PIN DIP

OPTOISOLATORS LOGIC OUTPUT

H11L1M H11L2M H11L3M
Package Dimensions (Through Hole) Package Dimensions (Surface Mount)
b3 (019 o]
0.390 (9.90)
0.260 (6.60) 0.260 (6.60) 0332 (B43)
0.240 (6.10) 0.240 (6.10)
k 0.070 (1.77) I
A rm,\ iy | e o
0.010 (0.25) [~ 0.010 {0.25)
D.200t|5.0B) | l | \
0.115 (2.93) 0.200 (5.08) 0.012 (0.30)
i ! 0.115 (2.93) \ | | ! ! I ’ 0.008 (0.20)
0.100 (2.54) " W
X (0.50) 15° ' :
ooz (asn 0100254 o {m&( smwso 3006 (010)

Package Dimensions (0.4” Lead Spacing)

0.360 (8.80)
0.320 (8.13)

F A

l

0.260 (6.60)
0.240 (6.10)

|

EE

0.070 (1.77)

0.040 (1.02) —
0.014 {0.36)
0.010 (0.25)

\

0.200 ‘5‘05
0.115 (2.93) \_

0.100 {2.54]

Recommended Pad Layout for
Surface Mount Leadform

— =— 0.070 (1.78)

-

i 0.060 (1.52)

f

0.425 (10.79) 0.100 (2.54)

0.308 (1.76) —{ | 0.030 (0.76)

0.015 (0.38)
01001254 0,012 (0.30)
M_.H_ Lo 0.008 (0.21)
0.016 (0.41)
0.425 (10.80)
0.400 (10.16)
NOTE

All dimensions are in inches (millimeters)

© 2003 Fairchild Semiconductor Corporation

Page 6 of 9
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6-PIN DIP

R I P R
FAIRCHILD OPTOISOLATORS LOGIC OUTPUT

[ R R A |
SEMICONDUCTOR®

#

H11L1M H11L2M H11L3M

w

ORDERING INFORMATION

Option/Order Entry Identifier Description
S Surface Mount Lead Bend
SR2 Surface Mount; Tape and reel
0.4" Lead Spacing
v VDE 0884
TV VDE 0884, 0.4" Lead Spacing
SV VDE 0884, Surface Mount
SR2V VDE 0884, Surface Mount, Tape & Reel
MARKING INFORMATION

G

. PPR®
§ ¢ b

©0 ©

Definitions

1 Fairchild logo

Device number

VDE mark (Note: Only appears on parts ordered with VDE
option — See order entry table)

One digit year code, e.g., 3’

| & w n

Two digit work week ranging from ‘01" to ‘53"

6 Assembly package code
“Note —‘V' option parts marked with date code ‘325’ or earlier are marked in portrait format.

e e e I T

© 2003 Fairchild Semiconductor Corporation Page 7 of 9 3/24/03
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FAIRCHILD

e Bl it e )
SEMICONDUCTOR®

H11L1M

Carrier Tape Specifications

154

6-PIN DIP

OPTOISOLATORS LOGIC OUTPUT

H11L2M

H11L3M

A-‘ 45+0.20

0.1 MAX

User Direction of Feed

12.0£0.1
2.0 40,05~ @15 MIN
/
0.30 £ 0.05 40401 _1 {1'75 —
oooooooéboéodo—'—f—
115+1.0
go pyfge pygoe 4 { 240403
0ifd 0 1l & G R
J [ ] [ ] \ 9.1+0.20
i
N\
S,
10.1+0.20 \— ©1.540.1/-0

NOTE
All dimensions are in inches (millimeters)

300 4

200 A
150 A

250 245°C peak

230°C, 10-30s

Time above
100 A

Temperature (°C)

Ramp up = 2-10°C/sec

183°C, 120-180 sec

Reflow Profile

+ Peak reflow temperature: 245°C (package surface temperature)

« Time of temperature higher than 183°C for 120-180 seconds

0 05 1 15 2 25 3 35 4 45
Time (Minute)

« One time soldering reflow is recommended

e T e T T

© 2003 Fairchild Semiconductor Corporation

Page 8 of 9
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6-PIN DIP

A S
e me— OPTOISOLATORS LOGIC OUTPUT

R e TS |
SEMICONDUCTOR®

#

H11L1M H11L2M H11L3M
e e e i
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO

ANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME
ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN;
NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be
(b) support or sustain life, and (c) whose failure to perform reasonably expected to cause the failure of the life support
when properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to
result in a significant injury of the user.

© 2003 Fairchild Semiconductor Corporation Page 9 of 9 3/24/03
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Hex Buffers

The MC14049UB hex inverter/buffer is constructed with MOS P—channel
and N—channel enhancement mode devices in a single monolithic structure.
This complementary MOS device finds primary use where low power
dissipation and/or high noise immunity is desired. This device provides
logic—level conversion using only one supply voltage, Vpp. The input-signal
high level (V|H) can exceed the Vpp supply voltage for logic-level
conversions. Two TTL/DTL Loads can be driven when the device is used as
CMOS-to-TTL/DTL converters (Vpp = 5.0 V, VoL = 0.4V, gL 2 3.2 mA).
Note that pins 13 and 16 are not connected internally on this device;
consequently connections to these terminals will not affect circuit operation.

High Source and Sink Currents
High—to-Low Level Converter

Supply Voltage Range = 3.0 Vto 18 V
Meets JEDEC UB Specifications

e V|N canexceed VDD

Improved ESD Protection on All Inputs

MAXIMUM RATINGS™ (Voltages Referenced to Vgg)

MC14049UB

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

o

D SUFFIX
solc
CASE 751B

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramic
MC14XXXBD SoIC

Ta, = — 55° to 125°C for all packages.

Rating Symbol Value Unit
DC Supply Voltage VpD -05to+ 18 A
Input Voltage (DC or Transient) Vin -05to+ 18 \Y
Output Voltage (DC or Transient) Vout |[-05toVpp+05]| V
Input Current (DC or Transient), per Pin lin +10 mA
Output Current (DC or Transient), per Pin lout +45 mA
Power Dissipation, per Packaget Pp mwW
Plastic/Ceramic 825
SOIC 740
Storage Temperature Tstg —65to + 150 °C
Lead Temperature (8—-Second Soldering) TL 260 °C

* Maximum Ratings are those values beyond which damage to the device may occur.

tTemperature Derating: All Packages: See Figure 4.

CIRCUIT SCHEMATIC
(1/6 OF CIRCUIT SHOWN)

MC14049UB

= Vss

REV 3
1/94

LOGIC DIAGRAM
MC14049UB

NC=PIN 13, 16
Vgg=PIN8
Vpp=PIN1

© Motorola, Inc. 1995

@ MOTOROLA
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgs)

Vbb -55°C 25°C 125°C
Characteristic Symbol | Vdc Min Max Min Typ Max Min Max Unit
Output Voltage “0" Level | VoL 5.0 — 0.05 —_— 0 0.05 —_ 0.05 Vdc
Vin= Vpp or 0 10 - 0.05 — 0 0.05 — 0.05
15 — 0.05 —_ 0 0.05 — 0.05
“1" Level | VoH 5.0 4.95 — 4.95 5.0 — 4.95 — Vdc
Vin=00rVpp 10 9.95 — 9.95 10 - 9.95 —
15 14.95 — 14.95 15 — 14.95 —
Input Voltage “0" Level ViL Vdc
(Vo = 4.5 Vdc) 5.0 — 1.0 — 2.25 1.0 — 1.0
(Vo = 9.0 Vdc) 10 - 2.0 — 4.50 2.0 e 2.0
(Vo = 13.5 Vdc) 15 — 25 — 6.75 2.5 — 25
“1" Level VIH Vde
(Vo = 0.5 Vdc) 5.0 4.0 - 4.0 2.75 - 4.0 -
(Vo = 1.0 Vdc) 10 8.0 — 8.0 5.50 — 8.0 —
(Vo = 1.5 Vdc) 15 12.5 — 12.5 8.25 — 125 —
Output Drive Current I0H mAdc
(VoH = 2.5 Vdc) Source 5.0 -1.6 - -1.25 -25 - -1.0 —_
(VoH = 9.5 Vdc) 10 -1.6 — -13 -26 - -1.0 —
(VoH = 13.5 Vdc) 15 ~4.7 - -3.75 -10 —_ -3.0 —_
(VoL = 0.4 Vdc) Sink loL 5.0 3.75 —— 3.2 6.0 _ 26 -_ mAdc
(VoL = 0.5 Vdc) 10 10 —_ 8.0 16 — 6.6 -
(VoL = 1.5 Vdc) 15 30 — 24 40 — 19 —
Input Current lin 15 — +0.1 - +0.00001 | +0.1 — +1.0 | pAdc
Input Capacitance Cin — —— — — 10 20 — — pF
(Vin=0)
Quiescent Current [5]n) 5.0 — 1.0 - 0.002 1.0 — 30 pAdc
(Per Package) 10 - 2.0 —_ 0.004 2.0 —_ 60
15 —_ 4.0 — 0.006 4.0 — 120
Total Supply Current**t IT 5.0 IT=(1.8 pA/kHz) f + Ipp pAdc
(Dynamic plus Quiescent, 10 IT = (3.5 pAkHz) T + Ipp
Per Package) 15 It = (5.3 pA/kHz) f + Ipp
(C = 50 pF on all outputs, all
buffers switching)

#Data labelled “Typ” is not to be used for design purposes but is intended as an indication of the IC’s potential performance.
**The formulas given are for the typical characteristics only at 25°C.
1To calculate total supply current at loads other than 50 pF:
IT(CL) = I7(50 pF) + (CL - 50) Vik
where: IT is in pA (per package), Cy in pF, V = (Vpp - Vgg) in volts, f in kHz is input frequency, and k = 0.002.

MC14049UB MOTOROLA CMOS LOGIC DATA
2



SWITCHING CHARACTERISTICS* (C|_ = 50 pF, Tp = 25°C)

158

Vbp
Characteristic Symbeol Vdc Min Typ # Max Unit
Output Rise Time tTLH ns
tTLH = (0.8 ns/pF) C|_ + 60 ns 5.0 — 100 160
tTLH = (0.3 ns/pF) CL + 35 ns 10 — 50 100
tTLH = (0.27 ns/pF) C|_+ 26.5 ns 15 — 40 60
Output Fall Time tTHL ns
tTHL = (0.3 ns/pF) C|_ + 25 ns 5.0 — 40 60
tTHL = (0.12 ns/pF) C_+ 14 ns 10 — 20 40
tTHL = (0.1 ns/pF) CL_ + 10 ns 15 — 15 30
Propagation Delay Time tPLH ns
tPLH =(0.38 ns/pF) C_ + 61 ns 5.0 —_ 80 120
tPLH = (0.20 ns/pF) C_ + 30 ns 10 — 40 65
tpLH =(0.11 ns/pF) C|_+ 24.5ns 15 — 30 50
Propagation Delay Time tPHL ns
tpHL = (0.38 ns/pF) C_ + 11 ns 5.0 — 30 60
tpHL = (0.12 ns/PF) C| + 9 ns 10 — 15 30
tpHL = (0.11 ns/pF) C_+ 4.5 ns 15 — 10 20
* The formulas given are for the typical characteristics only at 25°C.
#Data labelled “Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance.
CITTT]
g 18 VDD = 15 Vdc
< Y
g || .
= Vpp =10 Vd \\
= c
S 10 b i HLL P _ssec
5 I
S L1
3 [ Voo=sve LT [T
3 A | M= +125°C
> _,,_-—"’[
5 10 15 18
Vin, INPUT VOLTAGE (Vdc)
Figure 1. Typical Voltage Transfer Characteristics versus Temperature
MOTOROLA CMOS LOGIC DATA MC14049UB
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p 160

E' il Veg=50Vde | // %

,é /// E 120

% 4 &

3 _ e /] 4

o0 20 e / 3

g A x 80

& =

8 _30_VG5=10\M(‘ 2

o =

’ £

E . | P =

% Vs =15 Ve MAXIMUM CURRENT LEVEL 3
. L1 ] 0

-10 -8.0 -6.0 -40 -2.0 0

Vs, DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 2. Typical Output Source Characteristics

1200
E 1100
5 1000
2
< 900
ou ~ (L) CERAMIC
oS3 \\k::--\ -
E ; . ‘-..-__‘\ . (P)PDIP
o 500
=5 40 r}\\
2 a0 (D) SOIC N
z R F=F=Fmomw )
= 200 NF——F === 175mW P}
B = E =TT 20mw (D
0
25 s 75 M0 15 180 175

TA, AMBIENT TEMPERATURE (°C)

Figure 4. Ambient Temperature Power Derating

159

[ [
Vs = 15 Vde_|
L~ ]
/
-
/ Vgs =10 Vde
4 | 1= —
/,// I
%’ II\AAXEUM CURRENT LEVEL
|
/) Vs =5.0 Vde
=
|
20 40 6.0 8.0 10

Vps. DRAIN-TO-SOURCE VOLTAGE (Vdc)

Figure 3. Typical Output Sink Characteristics

PULSE
GENERATOR
20 ns —»| ——' le— 20 ns
INPUT Voo
50%
e 10% e Vg5
tPHL IPLH
; v
90% — YOH
OUTPUT ety
10% VoL
—f bettHL — et

Figure 5. Switching Time Test Circuit
and Waveforms

This device contains circuitry to protect the inputs against damage
due to high static voltages or electric fields referenced to the Vgg pin,
only. Extra precautions must be taken to avoid applications of any volt-
age higher than the maximum rated voltages to this high-impedance cir-
cuit. Forproperoperation, therangesVgg<Vijp$18VandVss<Vout<VpD
are recommended.

Unused inputs must always be tied to an appropriate logic voltage
level (e.g., either Vgs or Vpp). Unused outputs must be left open.

PIN ASSIGNMENT

Vop [ 1e 16 [] NC
OUTA[] 2 15 [] OUTE
INa ] 3 14 1IN

outg [ 4 13 [INC
INg [ 5 12 [ OUTg

oute [l 6 11 INg
INc[] 7 10 [] OUTp
Ves [] 8 91 INp

NC = NO CONNECTION

MC14049UB
4

MOTOROLA CMOS LOGIC DATA



OUTLINE DIMENSIONS
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L SUFFIX
CERAMIC DIP PACKAGE
CASE 620-10
ISSUE V
i A- .
— I NOTES:
[ycm oy ey e e o 1. DIVENSIONING AND TOLERANCING PER
1 . B! coagnoi.urigr gn&ENTSéON: INCH.
3. DIMENSION L TO CENTER OF LEAD WHEN
FORMED PARALLEL.
L] 8 4. DIMENSION F MAY NARROW TO 0.76 (0.030)
o T T T T T T WHERE THE LEAD ENTERS THE CERAMIC
C Fa— | — s BODY.
INCHES | MILLIMETERS
| o[ WIH | MAX | MIN | MAX
_{ ) A | 0750 | 0.785 | 19.05 | 19.93
B | 0240 | 0295 | 610 | 749
: T / c| — o0 | — | s08
SEATING N K I D | 0015 | 0020 | 03 | 050
PLANE I E | 00508SC 1.27 85C
—f F | 0055 ] 0085 | 140 [ 165
G | 0.1008SC 2,59 B5C
‘ E— SM H | 0008 | 0015 | 021 { 038
E G —>{l— J 1gpL K | 0125 | 0.170 | 3.8 | 431
L | oswesc 762 85C
D 16PL [@]0.250.010@][1[8 B 0o 15 on{ =
N | 0020 | 0040 | 0511 101
[@]0250010)@[T[A G|
P SUFFIX
PLASTIC DIP PACKAGE
CASE 648-08
ISSUE R

m NOTES:
[e—— A — 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
N Wk Wk W W W 2. CONTROLLING DIMENSION: INCH.
16 9 f 3. DIMENSION L TO CENTER OF LEADS WHEN
b B FORMED PARALLEL.
o 4. DIMENSION B DOES NOT INCLUDE MOLD FLASH.
1 & ) 5. ROUNDED CORNERS OPTIONAL.
(PR R RN INCHES MILLIMETERS
o e m TRETYE
—C - L A | 0740 | 0.770 | 18.80 19.55
B | 0250 | 0270 | 635 | 685
L 1 Y =5 & C | 0145 | 0175 | 369 | 444
_{ 0 | 0015 | 0021 | 039 | 053
SEATING F | 0040 | 070 102 | 177
EEm ek, e Lan il
—U_l_ -———-—LK " H | 005085C 127 85C
e — = < J 0.008 | 0.015 0.21 0.38
H G ::n— J K | 0110 | 0130 | 280 | 330
o nli o.zgsa o.?gi 7‘30., 71.(7)40
’@.] 0.25 (0.010)®|T| A @| S | 0020 | o040 | 051 | 101
MOTOROLA CMOS LOGIC DATA MC14049UB
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OUTLINE DIMENSIONS

D SUFFIX
PLASTIC SOIC PACKAGE
CASE 751B-05
ISSUE J
A=
e L e NOTES
H H H H H H H H 1. DIMENSIONING AND TOLERANCING PER ANSI
Y14.5M, 1982,
16 9 j 2. CONTROLLING DIMENSION; MILLIMETER,
3. DIMENSIONS A AND B DO NOT INCLUDE
[=B-] ParL 4 ﬁmﬁoﬂﬁﬂbmusmm(nmw

PER SIDE.

$[0250010)@[8 @)
{T ILH i il ¥ B o

PROTRUSION SHALL BE 0.127 (0.005) TOTAL

IN EXCESS OF THE D DIMENSION AT
MAXIMUM MATERIAL CONDITION.
MILLIMETERS | INCHES
L_ | oM MIN_ | MAX | MIN | MAX
F A | 980 | 1000 [ 0386 | 0393 |
K —l ‘ |‘— R X4 B | 380 | 400 | 0150 | 0157
. . C | 135 | 175 | 0.054 | 0068
| ._{ c D | 035 049 | 0014 [ 0019
tU:H:U:u:U:U:U:LH F | 040 [ 125 [ 0016 [ 0049
sﬂ'rm(; SR T—f { G 1.27 BSC 0.050 BSC
PLANE J | 018 | 025 | 0008 [ 0.008
K | 010 | 025 | 0004 | 0009
D 16 PL M 0°| 7°| o0°] 1°
P | 580 | 620 | 0229 | 0244
[&]0250010@ |18 ®[AB)] R T 02 [ 050 [ oow [ oo

Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical® parameters which may be provided
in Motorola data sheets and/or specifications can and do vary in different applications and actual performance may vary over time. All operating parameters,
including *“Typicals” must be validated for each customer application by customer's technical experts. Motorola does not convey any license under its patent
rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant
into the body, or other applications intended to support or sustain life, or for any other application in which the failure of the Motorola product could create a
situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application,
Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or
unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part. Motorola and .4 are registered
trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

How to reach us:

USA/EUROPE/Locations Not Listed: Motorola Literature Distribution;
P.O. Box 20912; Phoenix, Arizona 85036. 1-800-441-2447 or 602-303-5454

MFAX: RMFAXO@email.sps.mot.com — TOUCHTONE 602-244-6609
INTERNET: http://Design—-NET.com

JAPAN: Nippon Motorola Ltd.; Tatsum—SPD—-JLDC, 6F Seibu-Butsuryu—Cenler,
3-14-2 Tatsumi Koto—Ku, Tokyo 135, Japan. 03-81-3521-8315

ASIA/PACIFIC: Motorola Semiconductors H.K. Lid.; 88 Tai Ping Industrial Park,
51 Ting Kok Road, Tai Po, N.T,, Hong Kong, 852-26629298
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MUR440 and MUR460

[, GENERAL
L
<& SEMICONDUCTOR
DO-201AD
|1
1.0 (25.4)
MIN.
0.210 (5.3)
0.190 (4.8) |<7
DIA. T
0.375 (9.5)
0.285 (7.2)
0.052 (1.32) T
o022 Tl 1054
DIA. MIN.
Dimensions in inches
and (millimeters) \_ l

Ultrafast Plastic Rectifiers
Reverse Voltage 400 to 600V
Forward Current 4.0A

Features

» Plastic package has Underwriters Laboratories
Flammability Classification 94V-0

« Ideally suited for use in very high frequency switching
power supplies, inverters and as free wheeling diodes

« Ultrafast recovery time for high efficiency

« Excellent high temperature switching

» Glass passivated junction

« High temperature soldering guaranteed:
250°C/10 seconds, 0.375" (9.5mm) lead length,
5 Ibs. (2.3kg) tension

Mechanical Data

Case: JEDEC DO-201AD molded plastic body over
passivated chip

Terminals: Plated axial leads, solderable per
MIL-STD-750, Method 2026

Polarity: Color band denotes cathode end
Mounting Position: Any

Weight: 0.0450z., 1.2g

Maximum Ratings & Th ermal Characteristics Ralings at 25°C ambient temperalure unless otherwise specified.

Parameter Symbol MUR440 MUR460 Unit

Maximum repetitive peak reverse voltage VRRM 400 600 \%

Working peak reverse voltage VRWM 400 600

Maximum DC blocking voltage Voc 400 600 \%

Maximum average forward rectified current (See figure 1) IF(Av) 4.0 A

Peak forward surge current 8.3 ms single half sine-wave i 150 A

superimposed on rated load (JEDEC Method)

Typical thermal resistance junction to ambient® RaJA 28 °C/IW

Operating junction and storage temperature range T4, TsTG —65 to +175°C °C

Electrical Characte ristics Ratings at 25°C ambient temperature unless otherwise specified.

Parameter Symbol MUR440 MUR460 Unit

Maximum instantaneous at 3.0A, Ty = 150°C 1.05

forward voltage (NOTE 1) at 3.0A, Tu=25°C VF 1.25 \)
at 4.0A, Ty=25°C 1.28

Maximum instantaneous reverse current Ty =25°C | 10 uA

at rated DC blocking voltage!” Ty =150°C B 250

Max. reverse recovery time at Ir = 0.5A, Ir=1.0A, lrr = 0.25A trr 50 ns

Maximum reverse recovery time at, t 75 -

IF = 1.0A, di/dt = 50A/us, VR = 30V, lr = 10% IRM i

Maximum forward recovery time

(IF = 1.0A, difdt = 100A/ps, Rec. to 1.0V) tir 50 ns

Notes:
(1) Pulse test: tp = 300ps, duty cycle < 2%
(2) Lead length = 1/2" on P.C. board with 1.5" x1.5" copper surface

7/10/01
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(GENERAL

C%SEMICONDUCTOR" MUR440 and MUR460

Ultrafast Plastic Rectifiers

Ratings and
Chal’acteristic Cu I'VES (Ta = 25°C unless otherwise noted)
Fig. 1 — Forward Current Fig. 2 — Maximum Non-Repetitive Peak
Derating Curve Forward Surge Current
6.0 i I 125

< &

€ L= 1/2" < ™\

£ Y l g 100 <

5 . 5] N

(&) \ : T E N

g 40 L FCBWith 1.5"x 15 . NN

s copper pads o

5 N e N

& AN @ [Poi)

B \ B w0 BN

Z 20 Ay, 3 \\

£ \ B ML
o % 25
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>

™ i

0 50 100 150 200 1 10 100
Ambient Temperature (°C) Number of Cycles at 60 Hz
Fig. 3 — MUR460 Typical Instantaneous Fig. 4 — MUR460 Typical Reverse
Forward Characteristics Characteristics
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Fig. 5 — Typical Junction Capacitance
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Intemational
Rectifier

PD-9.376H

IRF840

HEXFET® Power MOSFET

e Dynamic dv/dt Rating

® Repetitive Avalanche Rated
e Fast Switching

® Ease of Paralleling

e Simple Drive Requirements

Description

Third Generation HEXFETs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

° Vpsg = 500V
RDS(OI’I) = OBSQ
5 lp=8.0A

on-resistance and cost-effectiveness.

The TO-220 package is universally preferred for all commercial-industrial
applications at power dissipation levels to approximately 50 watts. The low
thermal resistance and low package cost of the TO-220 contribute to its wide

acceptance throughout the industry.

Absolute Maximum Ratings

Parameter Max. Units
Io@ To=25°C | Continuous Drain Current, Vas @ 10 V 8.0
Ip @ Te=100°C | Continuous Drain Current, Vas @ 10 V 5.1 A
lom Pulsed Drain Current ® a2
Po @ Tc=25°C | Power Dissipation 125 w
Linear Derating Factor 1.0 W/eC
Vas Gate-to-Source Voltage +20 Vv
Eas Single Pulse Avalanche Energy @ 510 mJ
lar Avalanche Current ®@ 8.0 A
Ear Repetitive Avalanche Energy ® 13 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
Ty Operating Junction and -55to +150
Tste Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Raic Junction-to-Case — — 1.0
Recs Case-to-Sink, Flat, Greased Surface — 0.50 — °C/W
Rosa Junction-to-Amblent —_— —_ 62
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vier)oss Drain-to-Source Breakdown Voltage 500 | — — V | Ves=0V, lp= 250pA
AVssapssIATJ Breakdown Voltage Temp. Coefficient — | 078 | — | V/°C | Reference to 25°C, lp= 1TmA
Rps(on) Static Drain-to-Source On-Resistance — — | 085| Q |Vas=10V, lo=4.8A @
Vash) Gate Threshold Voltage 2.0 —_— 4.0 V | Vos=Vas, lp= 250uA
Ots Forward Transconductance 4.9 — — S | Vps=50V, Ip=4.8A @
— — 25 Vops=500V, Vas=0V
Ipss Drain-to-Source Leakage Current — — T pA VoamA00V, Ves=0V, T=125°C
fgs Gate-to-Source Forward Leakage — — | 100 - Vgs=20V
Gate-lo-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — == 63 Ip=8.0A
Qgs Gate-to-Source Charge — | — | 93 | nC [Vps=400V
Qgd Gate-to-Drain (*Miller") Charge —_ — 32 Ves=10V See Fig. 6 and 13 @
| td(on) Tum-On Delay Time — 14 | — Vpp=250V
1 Rise Time — 23 — - lp=8.0A
tagotn . | Tum-Off Delay Time — 49 — Rg=9.1Q
t Fall Time —: | 20 | i— Rp=31Q2 See Figure 10 ®
Lo Internal Drain Inductance — | a5 | = Smg‘_gg?,ﬂ-,
nH from package o
Ls Internal Source Inductance — | 75| — 3‘;‘9 c‘;en':a%" o Y
Ciss Input Capacitance — | 1300 — Vas=0V
Coss Output Capacitance — | 310 | — | pPF |Vps=25V
Crs Reverse Transfer Capacilance — | 120 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
T Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current _ - |8 MOSFET symbol o
(Body Diods) i A showing the
Ism Pulsed Source Current _ _ 32 imegral reverse e
(Body Diode) @ p-n junction diode. s
Vsp Diode Forward Voltage — — | 20 V | T=25°C, Is=8.0A, Ves=0V @
tee Reverse Recovery Time — | 460 | 970 | ns [Tu=25°C, Ir=8.0A
Qn Reverse Recovery Charge — | 42 | 89 | puC |di/dt=100A/us @
lon Forward Turn-On Time Intrinsic tum-on time s neglegible (lum-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by

max, junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=14mH

Re=25%, |aAs=8.0A (See Figure 12)

@ IspsB.0A, di/dt<100A/us, Vpp<V(BR)DSS,
Tus150°C

@ Pulse width < 300 ps; duty cycle €2%.
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o Vos = OV, [ = 1Mz
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\ Crss = Cga
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-
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Fig 5. Typical Capacitance Vs.
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Fig 7. Typical Source-Drain Diode
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Ip, Drain Current (Amps)
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information — See page 1516 Intemational
Appendix E: Optional Leadforms — See page 1525 ReCtiﬁer
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Abstract

This paper presents the study and analysis of
RCD, RLD, and RCD-RLD passive snubber circuits affect
to the power losses and the suppression of the conducted
EMI emission on the power MOSFET. The paper
describes the snubber effects on dv/dt during turn-off
period, di/dt during turn-on period, over voltage, spike
voltage, power loss and the conducted EMI emission. The
100 watts -50 kHz buck converter is used in the simulation
and the in experiment. The measured and simulated results
of conducted EMI emission are compared to verify the
effectiveness of the each snubber circuits.

Index Terms EMI suppression, Conducted EMI
emission, Snubber circuit

I. Introduction
Switched mode power supplies (SMPS) are one
of the most popular supplies used to feed various
electronic and electrical devices. However, they also
generate the conducted electromagnetic interference (EMI)
due to their high switching trequency operations [1].
Many studies switching losses reduction and the
conducted noise suppression have been presented using
the soft switching technique. Soft switching using resonant
technique is an attractive approach to reduce the losses and
the conducted EMI emission. This technique gives an
effective solution to the converter efficiency and extending
the power switching devices utilization.
Most of the lossless snubber proposed so far in
the literature uses an additional auxiliary switch (so called:
active snubber). It tends to increase the complexity of both
power and control circuits, Therefore, the energy-recovery
schemes without auxiliary switch (passive snubber) is
preferable [2]. In principle, the snubber circuit can reduce
the dv/dt and di/dt by transferring the switching energy
from the switch to the energy storage elements [3].
The 100 watts 50 kHz buck converter and the
proposed passive snubber is used for the simulation and
the experiment. The turn-on snubber is connected in series
while the turn-off snubber is placed in parallel to the main
switching device.

IL. Simulations and Experiments
The Simulated information:

using PSPICE program is as follow:
power MOSFET: IRF840

diode : MUR180
starting time 10 ps
stopping time  : 151 ms
maximum step  : 0.01 ps

Table 1: Measured diagram

Conditions

without snubber circuit

with RLD snubber circuit

with RCD snubber circuit

with RLD-RCD snubber circuit

B W |-

Figure 1: The buck converter circuit with various snubber
circuits for simulation: (a) with RLD, (b) with RCD and (c)
with RLD-RCD
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Figure 1 shows the simulation circuit of buck
converter circuit with RLD snubber circuit and RCD
snubber circuit.

Figure 2 shows the simulation results of buck
converter circuit with and without snubber circuits.

(a) Simulated voltage, current and power
waveforms at the switch in buck converter without
snubber circuit. dv/dt, di/dt and power loss during turn-on
and turn-off are at high level.

(b) The simulation results with RLD snubber
circuit: show di/dt and power loss, during turn-on,
reducing, while dv/dt turn-off are also achieved the
overvoltage suppression.

(c) The simulation results with RCD snubber
circuit: show dv/dt and power loss during turn-off
reducing, while di/dt turn-on are still at high level.

(d) The simulation results with RLD-RCD
snubber circuit: show dv/dt, di/dt and power loss during
turn-on and turn-off achieving the noise suppression.

III. Conducted EMI

The operations of switching devices generate high switch
the dv/dt or di/dt. Tt is the cause of EMI emission [4],
consequently affected to the system. The two types of
propagation of the conducted EMI are the differential-the
mode and common-mode. The differential-mode
propagation takes place between two conductors and the
common-mode propagation takes place between a group
of conductors and ground. see [5]. In this paper, the study
will be focused on the common mode conducted emission
only.

IV. Test set up for the measurement

Test setup is referred to the CISPRI6 standard.
Conducted EMI s measure with Line Impedance
Stabilization Network (LISN), frequency range 150 kHz to
30 MHz. LISN is used to provide standard impedance for
the measurement.

Instruments details of EMI test:
EMI Analyzer: Agilent model E7401A 9 kHz-1.5 GHz
LISN:EMCO model 3810/2 50Q 50/250pH 9 kHz-30MHz

Bridge Gate driving Buck
rectifier clreuit converter

RLD RCD
snubber snubber

Figure 3: Prototype circuit
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Figure 4: Model of dc to dc converter for EMI testing

V. Experimental results and Analysis

Experimental details are as follows:

Vde: 200 V, Freq: 50 kHz, Duty ratio: 0.5, L: 14mH
SRF=292.46 kHz, C: 2200 pF. 250V, LS: 22 pH
SRF=11.53 MHz, RLS: 5Q, CS: 4.7 uF, SRF=4.16 MHz
RS: 500 Q

Figure 5: I, without snubber circuit
2us/div, 2A/div

f
i

* Figure 6: I, with RLD snubber circuit
2us/div, 2A/div

Flgure 7 Ve witl;;)lx-t“snubber mrcmt .
Sus/div, 100V/div

" Figure 8: V,, with RCD snubber circuit
Sus/div, 100V/div
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Figure 9: Simulated EMI Noise,

(a) Simulated EMI noise :
(b) Simulated EMI noise :
(c) Simulated EMI noise :
(d) Simulated EMI noise

without snubber
with RLD snubber
with RCD snubber

s with RLD-RCD snubber
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Figure 10: Experimental EMI Noise

The experimental results shown in Figures 5-6
show the effect of RLD snubber circuits to suppress the
di/dt. While the Figure 8 shows the reduction of dv/dt
resulting from RCD snubber circuits comparing to Figure
7, w ithowut s nubber

Figure 9 shows the simulated common mode
noise at the switching frequency of 50 kHz and duty ratio
of 0.5, with various snubber circuits: without snubber
circuit, with RLD snubber circuit, with RCD snubber
circuit and with RLD-RCD snubber circuits, respectively.
The simulations were done by using Fourier tool in Pspice
program. Y-axis shows magnitude of CM voltage in mV.
X-axis is switching frequency in log scale unit. For
comparison between experimental and simulation, the unit
conversion should be done using equations (1) and (2).

Vol
dBu¥ =20 xlogo| 25~ (1)
10
Vpoise (m¥) =107 Xanti fag[’m}l—y] (2)
20

Vnm’se ( mV ) is conducted emission noise.

It can be seen that the magnitude of CM noise
level at 10 MHz-30 MHz due to the snubber circuits
effect, the peak of the noise level are 150, 18.7, 9.1 and
33.6 mV at without snubber circuit, with RLD snubber
circuits, with RCD snubber circuit and with RLD-RCD
snubber circuits, respectively. It can be written in dBpV
unit by equation (1) are about 103.5, 85.4, 79.1 and 90.5
dBpV, respectively.

Figure 10 shows the comparison of the conducted
EMI emission between the test without snubber circuit,
with RLD snubber circuits, with RCD snubber circuit and
with RLD-RCD snubber circuits, respectively. It is seen
that the conducted EMI noise reduce significantly at 10
MHz-30 MHz due to the snubber circuits is affected. The
peak of the noise level are about 91 ,86 ,89 and 80 dBuV
at without snubber circuit, with RLD snubber circuits, with
RCD snubber circuit and with RLD-RCD snubber circuits,
respectively. Therefore, it is evident that the snubber

circuits can be used to reduce the EMI noise of the power
converter could investigated.

VI. Conclusion

This paper has proposed the performance of
snubber circuits used to protect an power MOSFET. It also
studies the effect of the snubber circuits in reduction of the
conducted EMI emission caused by the switching action in
the step down converter. The measured and simulated
results of conducted EMI emission are compared to verify
the effectiveness of without and with RCD, RLD, and
RCD-RLD passive snubber circuits. It is shown in the
simulated and experimented results that. The snubber
could reduce the conducted emission effectively in the 10
MHz to 30 MHz bandwidth.
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Abstract

This paper presents the analysis of the self-resonant
frequency (SRF) effect of the conducted EMI emission
suppression on power MOSFET using RCD snubber
circuit for high frequency buck converter. The paper
describes the RCD snubber effects on dv/dt during turn-
off period, over voltage, spike voltage and the conducted
EMI emission. The 100 watts-50 kHz buck converter is
used for the simulation and the experiment. The
measured and simulated results of conducted EMI
emission are compared to verify the effectiveness of the
RCD snubber circuit.

Index Terms : EMI suppression, Conducted self resonant
frequency, EMI emission, Snubber circuit

I. Introduction

Switched mode power supplies (SMPS) are one of
the most popular supplies used to feed various electronic
and electrical devices. However, they also generate the
conducted electromagnetic interference (EMI) due to
high switching frequency operations [1].

Most of the lossless snubbers proposed in the
literature use an additional auxiliary switch (so called:
active snubber). It tends to increase the complexity of
both power and control circuit. Therefore, the energy-
recovery schemes without auxiliary switch (passive
snubber) is preferable [2]. In principle, the snubber
circuit can reduce the dv/dt and di/dt by transferring the
switching energy from the switch to the energy storage
elements [3].

In high switching frequency operation, the passive
components are not ideal because the impedance of
devices are varied with switching frequency, shown in
Fig. 1. In this paper, the effect of RCD snubber circuit
operating and EMI suppression are discussed.

The 100 watts 50 kHz buck converter and the
proposed RCD snubber is used for the simulation and the
experiment. The RCD snubber is connected in parallel to
the main switching device.
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Impeadonae

Figure 1: Impedance curves of capacitor model
y - series resonant angular frequency

IL Simulations and Experiments

The Simulated information:

PSPICE program is used for Figs. 2 and 7, which show
the buck converter for simulation and proposed modified
circuit. PSPICE is applied to the simulation and the
factors used are as follows:

power MOSFET : IRF840

diode : MURI180
starting time 10 s
stopping time  : 50 ms
maximumstep  :0.01 ps

Table 1: Simulations diagram

Conditions

1 without snubber circuit (with available PSPICE model)

2 without snubber circuit (with modified PSPICE model)

3 with RCD snubber circuit (with modified PSPICE model)
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Figure3: Simulated results
(a) buck converter without snubber circuit
(b) buck converter with RCD snubber circuit

Figure 3 shows the simulation results of buck
converter circuit without and with RCD snubber circuit.

(a) Simulated voltage, current and power waveforms
at the switch in buck converter without RCD snubber
circuit. dv/dt, di/dt and power loss during turn-on and
turn-off are at high level.

(b) The simulated results with RCD snubber circuit:
show dv/dt and power loss during turn-off is reducing,
while di/dt turn-on is still at high level.

IIL. Conducted EMI

The operations of switching devices generate dv/dt or
di/dt, which can be the cause of EMI emission [4], which
can affect the system. The two types of propagation for
conducted EMI are differentialmode and common-
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mode. Differential-mode propagation takes place
between two conductors and common-mode propagation
takes place between a group of conductors and ground,
as explained in Fig. 4 [5]. In this paper, the common
mode is focused.

EM] source
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Figure 4: Differentialmode and common-mode
conducted EMI

IV. Test set up for measuring

Test setup is referred to the CISPRI6 standard.
Conducted EMI is measured with Line Impedance
Stabilization Network (LISN), frequency range 150 kHz
to 30 MHz. LISN is used to provide standard impedance
for the measurement.

Experimental Apparatus:

EMI Analyzer: (Agilent model E7401A 9 kHz-1.5 GHz)
and LISN (EMCO model 3810/2 50Q 50/250uH 9 kHz-
30MHz) is used in the experiment as shown in Fig.5.

°}

o 6); bit
Ac LISN ==t - =

EMI Analyzer T 1

Dt

Figure 5: Model of dc to dc converter for EMI testing
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Gate driving Buck RCD
clrcult converier snubber circuit

Figure 6: Prototype circuit of DC-DC converter

Figure 6 shows the prototype circuit, which consists
of the bridge rectifier, gate driving circuit, buck
converter and RCD snubber circuit.
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Figure 7: Modified circuit for the simulation

Table 2: Modified PSPICE models

Circuit

Component symbol PSPICE model
Wire R1 L1
B —
Capacitor C i kp kp

—Al— |H—— -
| I—-’_;: i
MOSFET - li‘ I E l

Table 2 shows the modified PSPICE models,
which consists of parasitic resistance and inductance.
Cp represents the parasitic capacitance between the
body of the power MOSFET and the heat sink.

V. Experimental results and Analysis
Experimental details are as follows:

Vdec: 200 V, fs: 50 kHz, Duty ratio: 0.5, L: 14mH,
C: 2200 UF (250V), Cs: 4.7 puF (SRF=12.2 MHz),
Rs: 500 Q
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Figure 8: Experiments of snubber capacitor (Cs)
(a) impedance (b) phase
(c) Quality factor (d) capacitance
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Figure 11: Simulated EMI Noise,
(a) without snubber circuit (general circuit)
. (b) without snubber circuit (modified circuit)
e . S [ T— (c) with RCD snubber circuit (modified circuit)
—'1 k Figure 8 shows the experimental results of the
L - . snubber capacitor (Cs) consists of impedance, phase,
Q factor and capacitance by LCR meter (HP 4194A
x impedance/gain-phase analyzer test frequency 100 Hz
to 40 MHz). The self-resonant frequency (SRF) of
Figure 10: ¥4, with RCD snubber circuit snubber capacitor (Cs) is equal to 12.2 MHz.
5us/div, 100V/div (Measured) The experimental results shown in Figures 910
show the effect of snubber circuit to suppress the
dv/dt.

Figure 11 shows the simulated EMI noise of buck
converter circuit, with various snubber circuit:
simulated EMI noise, without snubber circuit (with
available PSPICE model), without snubber circuit
(with modified PSPICE model) and with RCD snubber
circuit (with modified PSPICE model), respectively.
The simulations are done by using urier tool in
PSPICE program. Y-axis shows magnitude of CM
voltage in dBuV. Xaxis expresses the frequency in
log scale unit.

' wnsenies Lisn T— Figure 11(a) shows the result obtained from the
simulation of conducted EMI of dc to dc converter
(@) (without snubber circuit) with the models which are

available in the PSPICE library. The spectrum of the
conducted noise obtained through the simulation of dc
to dc converter (without snubber circuit) with the
modified models and measured noise emission of the
real converter have been plotted in figure 11(b) and
figure 12(a) respectively. The simulated and measured
EMI noise of the dc to dc converter with the RCD
snubber circuit are also presented graphically in figure
11(c) and figure 12(b).
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Figure 12: The experimental results of enveloped spectra conducted EMI emission
(a) conducted EMI emission without RCD snubber circuit
(b) conducted EMI emission with RCD snubber circuit
(c) comparison between without and with RCD snubber circuit

Figure 12 shows the experimental results of
conducted EMI emission: (a) without RCD snubber
circuit, (b) with RCD snubber circuit and (c) comparison
of conducted EMI without and with RCD snubber
circuit. It is clarified that the conducted EMI noise
reduces about 3 dBuV at 6 MHz-10 MHz due to the
RCD snubber circuit effect. The peak noise level at the
frequency of about 11 MHz is high level due to the self-
resonant frequency effect.

In general, the conducted EMI is generated by dc to
dc converter. It can be suppressed by using snubber
circuit. However, by carefully selection of the
components, such as polymer capacitor (snubber
capacitor: Cs), the emitted EMI noise can be reduced.

VL Conclusion

This paper has proposed the analysis of the self-
resonant frequency (SRF) effect of the conducted EMI
emission suppression on power MOSFET using RCD
snubber circuit for high frequency buck converter, The
measured and simulated results of conducted EMI
emission are compared to verify the effectiveness of
without and with RCD passive snubber circuit. The
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PSPICE model has been modified to include EMI-
characteristics. The models were used for the simulation
of the EMI noise emission of the dc to dc converter
without and with RCD snubber circuit.
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