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Thesis Title Performance and Conducted EMI Analysis of a Class E Zero-

Voltage Switching Resonant Inverter for Induction Cooking
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ABSTRACT

The performance and conducted electromagnetic interference (EMI) analysis of a Class E
zero-voltage switching (ZVS) resonant inverter for induction cooking are proposed. The thesis
describes the EMI characteristics by the loaded impedance variation and shows the optimum
condition of the loaded impedance to reduce conducted EMI emissions. The use of Class E ZVS
resonant circuit is to reduce a number of switching devices and the amount of switching loss. The
investigation shows the phenomena of conducted EMI emissions from the different loads of 1 kW

input power. In addition, the simulated and experimental results are presented and analyzed.
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b4 ¥ v .

MyuENIoFLNUYe 9 Jalnezldaufianuige uazinsenedudmidaiinaninaszualna

31939 9 udaiivduiianndmaeiFadan usiilesnniianiosninnndshignnais

t 4 ¥ 2 R; o 4
2.3 nslvianudeulasmsimilaninusuanugaund
:f ad v -} ay e 4 ] - & oM g ny
FUNUYANARNNANNIADTUIIUNITIN D Semi-infinite S lab Do NFUNULIIIIA
A L dy 1 L o A ar '
I Fmsauudnuuiitzss iramasyeinisinnedoglusifeddudien §aldnanll
= o ¥ v a a4 a
Ui 1Nz 2.6 unasszuuidsznoudeuaninademnuingn tasiuaugaunFinga
a  w o ¥ = Y Aa : - 9 v o 1 o 9/
aAntuvaadmi Idauyd Tihifmvessuauiisnnudueuuimin 7, shiduanuduau
v d A [T | & E T = = =
wimanivaaAa iy dnnudtauninimanisedauldsunlasnna lufiensmuuny
= o - o o = Aa A” =3
X wanulSnannmes TasvmiloninhIdanszsuawafiimvestuanlufirmaunu Z

¥ ¥
daunrmanueny Y 2% llmuannnumnyessuay [2, 10]

Lafinity Thick stab
Y 2 T ¢ ( Per!m?a!)ility y7; )
§ Resistivity p
. X ff [ 7 11 Coil
— 1 m——
v = aH
5y T H+%55-6y
oo - g
Y, :
i - d : H’a

;=

H,

= v v = o a 4:‘ =
i 2.6 m3linnwfounuumilonhiuFuaugaund
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4'::’ q& ] 4 Ada n’ ar A:
'lu*nunzﬂwmwu'l'u'uauwmmqaumuumm‘nmwﬂumu

H ()=o) =H,,, cos ot (2.13)
H,=0 (2.14)
H.=0 (2.15)

¥ b
= L= L a oA
lawh H,, fio Aweaves H /1w (y=0)

3
[ =~ = = [ - =
NINISAWYDITUINLNIAN (H) o v (E) uazanuvuumiunszudg (J) luduau

a o ° P a a 3 ] - 4 ar ::ly
Tangnanudaeudnadm (litiu 10 GHz) efu1o Tavl¥auniswusiumaniman Trdhasil

W2y - 42 2.16)
p ot

W a9 2.17)
p ot

g e/ (2.18)
p ot

o a:: ] (-4 -
WITUINTUILLILIYan H 910

(2.19)

¢ 217 217 2 755 OH
V2H=aH+a H+8H=£ aHx+ y+8HZ
O - e N T Rl NN

4 ¥ - 1 : 1 L ‘; = L]
e H,=H, =0 aniu H = H, ninin uses WilimsalaounlaswesSmamunmm

d A & o n’:
mnﬂmmﬂﬂnmﬂmﬂmzﬂ:mammm'mnu X lazuny Z aquu

ViH = 2= (2.20)

o ar o = &4 =) §
mneuaumseyustievaziinamaslugl H, =H, (y)cosat %1 H (y) Aomslaouuas
¥
[ = = 1 = a
Y3 H, nuszozmialuuuinny Y (A1wannnAivesduany) ualunisinsisiainsouny
H, WoeglupvewSmauddou H, (y)e/” dAou udmdmnitldnamaniadeniname

@954 (Real Point) 119 vinmsunuin/Sunaudasdouluaumsi 2.20) 18nadsil



d:yfix Sy
Wat-t2. |
2p - 5°
d;z’ -2ja’H, =0
y
@ouaunsIna 18l
ddzlz* ~k*H, =0
ly

] L
Taoh k2 =2 ja? aumsthavuiaiinamaodaii

H. (p)= 4" + dze™

A A‘ 3 - Y p s 1 ¥ &
vindouluveuun e y=co oz H, swdedimiiiamlenmis

12

(2.21)

(2.22)

(2.23)

(2.24)

daiuez'ld

| f, ar 3 ‘ ¥ i
A =0 uazivouwn y =0 waz H,(y) = H,,e/ duin 4, = H, e/ unum luaumsi

(2.24) 18
H,(y)=H, e /™
H.(y)= Home‘ay-ﬁ} gJot
g Jz—j:l*‘f Faviu
H (y)=H,,el~tNo] jot
H,.(y) = H,, e tDo+jot]
H (y)=H,e @ e/ ®)
l¥fmeummzduaia

H,=H,,e® cos(wt - ay)

(2.25)

(2.26)

(2.27)

(2.28)

(2.29)

(2.30)
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- 1A a A a ot A o ' 11;:
VNNANDIAINAUNITN (2.30) WUNMUTDUNUAIVDIFUNUNAWNUL y =0 3z 1am
& i a ] - 3 =
H,=H,, cosat muioulvveuwanauydld uaziszozlag minfavessuam ludismainy
g/ ] o = o “ =
Y vwnavesnnuuaumsimanizimaaawuuend Inuwdoa uazmsulaoumlaveay
ﬂ. -~ qy e 4 o Iﬁl A ar L)
wanszozlan  snfvesduamsziuudmiudedousupmani  FdmaadulSna
ay = y/6 anaumsi (2.30) wio y =1/a YSmuves H swanauilu 1/e vhwoas H, #if
= ; £ '
wazaszn/aouly 1 1sidiou (57.3 eem) A Anmdndavinaves H iy 1/e=0.368 whwos

v da = ~ o v 4 - , - ;
Midy i y gaiidhufSnaddyisiondiSond anudnia (skin depth w3e depth of

: 4 v o @ - a D w &
penetration) Fvzunudiodyanvel 6 nnadaunlsition13uds o2 =£2£— Al
ye)
- 1 2
AMANATY 6 =— = \/——9— = \[—L 2.31)
o Npo N\ fru,u,

- os. a 1 3 " =] o = a

%1?‘121]71 2.7 UASIANUTUNUBIZHINAMUVUAUULIHAN NUISUEANIUANIINKD

Qy é o 1 -] 1 b A o Ay
wa‘vuﬂummami‘]uﬂﬁﬂmu y/§ H?E)'ﬂ'I‘NTum'l‘lliNﬂTilJﬁﬂﬂ?‘ﬁ&t‘ﬂﬂixﬂzﬂﬂil"lﬂH’J‘Uﬂ\‘i‘lﬂ-l
o a = ° ' o s &b - -
amvmUu11’5"111mumaemsmummmm%’aumn M NUVUT UM An  H 11&ﬁ11ﬂ151’1

v " ' =1 s ' - J

(2.31) wausav I NURUNHUTWNIIVAD B ANUHUILUUNS LT J uﬁzmﬁmu"lﬂ%

' v
E 18 Tavl¥nnuduiusvosnduudman nih geil
1.0

H,

0.368

1 L L ]

v | bl

0 1 R
Vs

[} b
3 2.7 anudniusszniedandmanudumnuimdnduszesanudneinivesdua
10 B = uf (2.32)
WU B, (y) = B, (—ay)cos(wt — ay) (2.33)

unzINaNMIVOuNFIaa (Maxwell) J = curl() = Vx H [2, 10, 15]
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(2.34)

i

VxH:i
Ox
H

@lo

o Rl =

=
<

x

; - .2
iWesnn H, = H .= 0 uaz luinsnasunasves A lunismemuunu X uaz Z daiy

I ok
i o
VxH=0 = 0 (2.35)
H, U —~=q
Hazn J=VxH (2.36)
: =~ o S
HaRa J, ==k ayx =ky-e/” [ 0. g2 }}Hm 237
o ,;{a Nore e»ay(\/Tmm;Hm 2.38)
fad
WA 2/ =1+j=2-¢ %
eV [—ay(lmﬂmﬂf]
J,=kia2-e 4o (2.39)
(2.40)

lHmmzaiuesald J, =ka2H,, [e-ay cos(@t —ay + g)]

' " ¥
i):lﬁullﬁ']'l ﬂTlllHUTIluuﬂizllﬂﬁlHﬁUQﬁTj IlTiﬁ'Tﬂ\WTQQ'lﬂﬂ'Uﬂ313JL%Uﬁu11lllﬂlﬂgﬂlﬁllﬂ Hog

fiviemanmunaunu Z (7,) vyummimibanuduaumimaneg 45 03 wio z/4 50w

(wr+)
4 4 (2.41)

tii y=0 jz=\/§Hgma:-e

nn H,, = H,,e/”wldn



&

T

L
Jpo =\2H ¢4 (2.42)
Fanfu J, = 7. Lo (2.43)
Tdmwizdiueia J,(y) = Jme® cos(at —ay) (2.44)

' 1 @ o o 4 ] o
NHARDTVDIANUHUNIHUNTSUT Tl$ﬁ'llﬂiﬂﬂ'lﬂ'lﬁu"lll'lﬁﬂ"l‘ﬂ']ﬂﬂ']]ﬂﬁ'ﬂwuﬁﬂ']\?ﬂﬁuuﬂlﬂﬂﬂ

IR

10 E=p] (2.45)
Savi B\S A/ (2.46)
E.(»)=pnJ,,e ? cos(wt —ay) (2.47)

nnnamavyosguMsteduezwuISim A, B, J uer E wwianyuzmileuiu Aedull
o @ &= -~ - [ - " d’ o’ =
aulsngmisaldd HuAsfiszszANaNNINAANI NS IaIMAIH aRALIULIENY InuuToa

¥
VINAMANUHUNIHUYDINISUATIUITONIMNNISIUANDT ’Jljdﬂﬂﬁﬁﬂﬂ'ﬂﬁﬂ'l’ﬂﬁﬁﬂu

r= I;o.]z(y)dy (2.48)
4 j:’ Jome~ @ cos(ot —ay)dy (2.49)
IeJ > Re{ I: e[jax—(|+j)ay]dy} (2.50)
e/ ool

I=J, Re)] ———— |=Re| —22— 2.51
o e[(Hf)a} e[ﬁa»ef”/"] i

1;! ' = wvly Jam T
FINWITAIUITINEG 1A I = o cos wt—z (2.52)

a

" ' é L o
NIHARAYYDITUMS (2.52) IenuNNTEUANATINAENIMIIEA NN wilyne Amda yu

wavonnunuiunIEIaNAIRY 45 83N N30 7/4 1AL LANIN
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)
J,y =2H, e * (2.53)

I1=\2H,a- e e (2.54)
om ﬁa
I=H,e™ (2.55)
THmmzdiuaiaez1a I =H,, cos(wt) (2.56)

- g it i 4 ] b [ ) kY ] 4 aa g
NAUNITN (2.56) NTLUFNDHUIHUITANVEIUAVNINUANUIVUTUINBNIHANNHIVDIFUIU

A ar a1
FigoandnInuN)uoIrIs uAIN

= q’ H.dl 2.57)
I[=H,, x1 (2.58)
I=H,, cos(wt) (2.59)

a a J = ° ﬁ o as a a J q” A =
ﬂ'nu%‘ﬂuﬂiﬂﬂﬂiu"ﬂﬂlﬂﬂ'ﬁlﬂuﬂ']u'n uNﬁll1“1ﬂﬂ1a\’qmlﬁﬂﬂlﬂﬂﬂu1u‘ﬁu\Tlu LHINNUNISUN
o "
Tna snmanumuivvesnszualudunu aunsammmagydode 1 MswaInEIve

¥ ¥
Fua 1dlasmsduiiinia o/’ naeef5ias Ae 1 munaaall

P, = j:’ s 2ay(x1)(x1) (2.60)
Ral 12 IT Iwe'zay cos? (ot — ay)dydt (2.61)
3 T om 0 0 N

P, =-’§—me :e_zaydy (2.62)

2 2

o

PS L p]Om 2 p]om (2'63)

4o 4

1 2 H m

UADIN ol =A2H  fr = ﬂL} (2.64)

é



v
dninMomIANTN. NIzeoMINA TAN LA 17

2
PH om
P 2.65)
gied
HZ
A 5 (2.66)

b4 o =

' ¥
Taoh H, fio mersidueaves H,, 1l P, fie mdsquidevestununnifeszduanudn

e

¥ a a

y dadnves P, Asemsgqauiovesduaiu P, Awitmsduniniadadunsi (2.67)

P ~2ay1y 2ay _
tw e L2 2.67)

P, [8-2@]3’_ 0-1

o @ o o v @ 1 o e 0 =2
107U 2.8 taainnuduRussEHINdadIuYeq Py, tag P NUAAMIUY8IIZ8ZAINANIN
a - 1 o a = J ' = °
Avestu Tavezruldhdidegauduion 90% seiatiulurnanudnia ldmusold

o ; ar 4 aa 9 T | ar = 9 3 o o a =2 a
Uiz Tomidwiidmiumsguudani uagdieisnmsiSuanui Wgedin Aszildadnfiuay

AIMUANUFURUS L aumsn (2.31)

1.0

"?I A7 0.8
n
0.6

0.44

Total loss

0.2

Loss up to depth y/s

1 ¥ 3
Vs

=T

» ¥
44!.0 L

} @ o 1 " - =
3N 2.8 anuduiusseniamsgadoseiui nuszozanuinnnivesiuanu

vInmaNuMuIivauiman B luaumsh (2.32) annsomsnduusaudimannasiude

4 ] F a a ay
nilamieanuen 14 lasmsduinsa B, (y) anoaruiaiu

¥
s

iy § = uH o, [, VDD Gy x 1)) (2.68)

47657
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THameaiuesa ¢= HH o cos(at —2) (2.69)
2a 4
uazn E=N . 4 (2.70)
dt

oA b L @.71)

V2a 4

UNoH ,, 4

EFE=——"""cos(ot +— (2.72)

2a ( 4)

4 @ o d ' 4 ar ] a
31 2.9 e lnezunsuanuduiussenhasandow Ithduduus aiminlunsdid

yaanaifugaund
E g I
leakage flux ¢,
Vl
Voltage drop
associated with ¢
leakage of flux 74
from coil R
Voltage drop associated

with resistance of coil

U0 2.10 lenwes laezunsuanudimiufseniusunfon ihdfuduus wlmdnlunsdi

yaada luiiflugaund
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I Rcoil jX'l
o ANl VR
+ I-:R— “+ I’l —

+
2 Rloadg JXud E

v ' L
51 2.11 29sauyavervamamiioniuas I

lﬂ' i ] (- § ar [] s ]
auMmsn (2.69) uaz (2.72) wmnﬁ’uummmanwanmﬂuﬁﬂmuﬂ‘ummml.‘ﬁ'uﬂmu
] o -:’: ] s 1 o L]
umdnfinvesyuny H,, uaziduusammanszdmdaulavesnnuduauimaneg
(] s ¢; o J‘ P o o 3 il =
z/4  dmusssunfaiunnmamienhaihvinssuanaswey /4 lavluvazinszua
4 e =t o W e s & ag o o
awwi na luduaniiyuadedunuanuduaunuiman  daiudlszneuiias  (Power
¥
a J o o o ] as
factor) ¥BAFUIUTIM IADINANUTUAUTIENIN E uay [ Tﬂﬂgﬂﬂ;ﬂﬁﬂﬂﬂﬁmuﬂiﬁ Aag1)
i 2.9 dnlszaeumdsezunuudmasianilu 0.707 sansndausznouludiusse uazdu
a | o't v 8 aa [ = "
IuanMBIBNNLALS IuNITAUYalAIIAY uamuanuiiuswaalaad aunusimanel
P o & & o o o o ar ] a
anumiloniisa lna ez iienlszneumaeszuuanas tazdvaaAa NENLNIMAD
d o 1 (-] ﬂ' or H
AUANUATUNIUVDIRDIDY mldnyes laezunsuvesszvuilavunaglidsgin 2.10 uag
= o ar { é
annsadsunuvitasssauyams lthvesszuuladegUn 2.11 Fnnisnaasvesszuy
'ﬂ.a: v 4 " = o H s -
fuFunuduni Slab i e1vueniniusuenmes (Reactor) unumanig maniludnyae ey
' - s 9 1 e o y_ gh & o T S elar »
AaAD UAIANNAIUNIY HazAsuenIaYY (Reactance) WMINY FUFTUUTUNHANNAANIY

P e - ] o g &
Suenuauatine idunsanadeauuivan wie Magnetizing Flux 1193
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a d d B d & det v d
IJVTOULIDIUADIAANAN D ummaﬂmmummmmmﬂuquﬂ

3.1 anuihanvensesdunesineinaa uumﬂmmmﬁﬁﬂiﬁuiaﬁuquﬁ

29959e0i1dana1a 8 (Class E power amplifier) lagnAndu wazviannsuauiiui
i’i‘fﬂmimms'ﬂmuTﬂu"lﬁ’ﬁnﬁﬁuﬁuaﬂ;’ausﬁlmﬁﬂ‘ﬁ IEEE Journals on Solid-State Circuits
woulguisy U a.a. 1975 Tau N.O. Sokal uaz A.D. Sokal [16] ARAL2993 T RU19I493
yowhdenard @ [17] rﬁ"a”l%'a{lmaiJ's'uerﬁﬁaﬂ'n:ﬁ;qa cﬁﬁ%@ﬂﬂiﬂfﬁ?ﬂ%uﬁmﬁmﬁm mld
dunsaaamsgapdoiiosinmsaings tazmahnssuavesginsalaagald Seiilszdndnm
figaninesunehidnand @

v °

o o = L TS ' o
svemidenaa 8 TagminnldetiumsinanTasmwizmsdunldlugiveaes
BuosInes (Inverter) W3013957 1 dmsuuasusean Iiihnszumasauiluusssu Iiinssug
ar d‘ o =) =1 3 é I - d,,
aaunng 1ingnisononFeniien “1995DUD3 MBI AT B
- o o ~ ] g} A = o a =
1995 BUNesInasAaa B awnsautiesnlditly 2 Uszinn fie 29958uNB eI AT B
d o e @ ¢ ¢ a et
wvws Tsuudadagnussiugud [16-23] uaznuus lsuuudedaginszuagud [17, 24] lu
- - da 18 3 ¢ p - & 8 s &
IMNTRUT T UDIRNIZNITBUNDIIADIANE B HULIS latuusaInsnus A ugud Fauilu
19ITAUMITTAY IS DUNBS MBI AMIT B lavdnuasmsinaue vz uMseSudnYMEMS
° o a d a - ar o
MAOUYD995  AADAIUITMIDOAUUVNITDUNDTMDIAME B 15 Ivuudadngnus swugud
e lausorh 1) 1% ludruazaian fu
v = ¢ ¢ a ol dat ar X
3.2 auisznouUs 919950 UIVIADINAIY B HUUISI BUUUTAINT NI IAUFUE
= o o =Y d = oot ar o = o @ ar a
29958UB5 MBI AR B U IauuusaInshussaugud Janyazna ldegdin 3.1
2
#atlsznevlidqe
i . o AR S 4
e yamwning (Power MOSFET) mﬁﬁ'mtﬂuqﬂﬂm AN MNUNANUD [
R sy T dia SR
e @unilonirI¥a (Choke) L, Faliannawenvzildnszuanai nSelinszuanal Ripple
3/ a ==‘nv F
current) HAHWINIUAINITOAANA 1A
o L] ar Aé 1 r =y 1
e duiulizg C n.i'fluwaﬂwmmmmg'Ivlﬁwmmsﬁuﬂszgﬂmmﬁmmuﬂumwi, oh
ﬂ':ﬂnig"lﬂﬁmw‘luszﬁ’hwumu (Drain) a2 v19 05 & (Source) yosuomlan189
(Internal output capacitance) uaganuy Winlsdanfannnisaedses [16, 25]

&
1 N‘niaﬂmuuucﬂmuaumn Ly-Cy-R #amnnudumiu R vziilu Tnanueaaees
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+

3 a o o ¢ o dd @ o
31 3.1 29958uneIMeIAAI B LIS TBunuTAIAFNUT I UUD

33 mmhauvensesduedmedama 3 uusTammdaindiusadugud
29sBunesnesnmd 8 uuuis Tsunudadadnuseugud aunsoutamshinueen
18 2 ramsiau fe [17]
3.3.1 dleadavihnszia
299915 Tsunusvzalsznonidae L,, C, wag R mszhdududsey C, gnaiag
dn2993 AagUlil 3.2 azifanniutis Teuud ( £,;) nazmdalsznoununmyaslnan (Qy) e

aumsh (3.1) uag (3.2) MuBAUNMANUNEIY o, =24,

1
BN /= i\ 3.1)
iy 27[’wa2€2
(t)o]Lz 1
= = (3.2
QLI R C!)o]CZ.R )
Ly Ly G

+
VDC.I. S& R

[} 5 s
310 3.2 2esauyaieadasinssud

3.3.2 sleadnvngminszie
o 9 (1 ar A‘l
2315 lanuusezilsznevlldan C,, L,, C, uaz R doaynsuiu uaziilosnin C,
waz C, aveynsudu manuyihauya C,, = C,C, /(C) +C,) wlisniosnd C; uaz C,
o { S A 4 = 4 4o & i =
#a31i 33 aziuilemanutiFagy o, =277, udr A Tsuuudinaiuluvasioiad
wyaminszud ( £,,) waz Adalszneuguamveslvan (Q;,) wailludeaunisi 3.3) uay

(3.4) MmuaAY
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1

Jo2 = (3.3)
21 L,CG/(C +Cy)
i C,+C
O = “"’; Eaol 2 3.4)
@,,RC,C,
Ly Ly G

Il

1l
L

~

+
"

g

i 5 s d o
31 3.3 2sesauyailleadndugainssue

lumsl¥nudesdonanud (£) Wegssuduamid £, uas £, (f, < f <
A wazitnu@ldauiimnumioni L, szamnsoutisoon didumaumilsni 2 a1
Ae L, uaz L, Ao0YNINAY msraziiy Ly =L, +L; #2310 3.4 Taviianwdldau £
mwéﬁimn (@) willugwaunsi (3.5 Lm:fiﬁ'nlssnauqmmwwﬂﬂﬂﬂﬁmmﬁ%’fﬂu

(0) wiilumuaumsi (3.6)

O=— (3.5
1.5
oL olL, +L 1 ol
QL 1 2\ ( a b)= b (3.6)
R R oC,R R
Ly Ly Ly~ 2

Il
i

Ay
=

e
=

: £ e § o
71 3.4 2evsauyadaunisduniivreemily 2 ¢

s o a d d d d @
3.4 'ﬂﬂ‘Bﬂ!SﬂTS‘I'nQ'l‘Hﬁlﬁli‘)\?ﬂiﬂﬂ!']ﬂilﬂﬂiﬂﬂ]ﬂ5 llllﬂlii"lﬂluu%ﬂ%ﬂ‘ﬂﬁlﬁﬂﬂu

¢
que
NsoUNBSIRRsAME B wuuis Tsuuudadadnusedugud  aunsoutinsanyue

waueenilu 3 Anvay A3 3.5 fie
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a‘vds (a)t) -

0, ot =27
d(mt)

= 4 4 : : s dvy (ot
2. MmamnunanznuMuZay (Suboptimum Operation) 1o —;-‘L)—) <0,0t=2r1
ot

. < 4 : > s dvy (ot
3. myinunanziunzay (Suboptimum Operation) (/o % >0,0t =27
ot

s ° e’: o o A 4 a Jd
1uﬂlﬂl$ﬁﬁ?ﬂﬁfﬂ8\%ﬂﬁﬂ1ﬂuﬂﬂ 3 90T ITUUINTSU Vs ﬂ%‘ﬂlﬁﬂﬂuﬁﬂﬂﬂiﬂnﬂﬁﬂ‘ﬁ

wioanasouduiulszy C; swliandugud naswdssmazanluduiuilszy € slinuilugud

° Y a o - s o A da i a oJd ar (”
aaw mltiiamahnszualuiussdugud nSenGonn “msadadsnusaiugud” (Zero-Voltage

Switching: ZVS) #niumsaiadiuseiugud Teagnimua 1ideitenlvyesaumsi 3.7)

vys(2m) =0 3.7
SON . SOFF SON . SOFF SON A SOFF
<—>le— > <
Ve b ! i Ves | i Ves | l
s 0 I 0 -
g e ¢ s - Zmy
«2xD,») 2n 27D &~ 2x 2xD) >4 | 2x
y [ b 2D be | ool - 10
i I 41 min i A 1 11
! . Ly
o i Y, 3 | i AW ° | 1 SS
| ot ! l | P [ | P}
it 1 I il i I i | 74
{ I : i | ! |
! 1 I |
+ $ T = LI
s A \/ | oot U s A 1
I : : i 1 | 1
.a —1h
T I : Ioc-ity | : Lycd | : :
: :/\ | | L1
I i | | |
0 & 0 = 0 -
T % S\ T\
- . A
I [ i1 i ] = gl
Lo | m | 4
i | |
(4] L = 0 =
Ly ! S I § brici
k I ‘ClT' I\ i I 1 |
0 ! - oH - = (v} i
5 ] 3 | ot ot
A Fmaw B
| : | | : | " :
I |
(4] > 0 —
ol - a: 8 wt
(n) L) (")

| 2 L - & & = ¢ o i a
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Vim =@Lbl, = e -[?.zzD V45 cos(at + g)d(wt)

_1-2(1- D)? % =2cos g cos(27D + g) + cos 2(zD + ¢)|cos 22D — (1 — P)sin 2D

2(1- D)7 cos(zD + @)|(1 - D) cos D + sin zD)] Vnc
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1 4.3 uamsilymuenmiionniildnan luds fie uennnezgndygasuniuen

» v k4 [
gunsaldus uda gilnssinseenuumivemiiudadndyyalusuniugunsaloug 1dwu

¥
@ o k4

[ ar q 9 & kY ot 9/ [
fu dniu wenvinezdsedleaiulilignsununnisestunds gunseifieenuuuaezaesliadie
ar A A
dayanalsuniuginsaiousndae
“ 3 s v o pos . vy sge =
ANy ldmaniman I (Electromagnetic Compatibility: EMC) v
L4 o U a a ] o
anuaunsavesginset nieszuy lumshanldeduiiuled molddunadesmaniman’iv
] =] 3 ¥ = q’: v
h Tasdswninmagnsunauninuiman IAniug Jyvmimedn EMC flagdeannsandue
4 a & 1 ey & & 2 4 4 4
Gueenuuy [39] dazviumlFnenauizgeiuuazisud lvezoniu FagUit 4.4 Wunswl
¥ ¥
uaaanaiinlumsudilym wazmlasnolumsudilamniug WSsudsuiuduneulusinng
n’; 1 a = a A < ¥ g Cd F a v
AUAITNODNIUY NATOY UDINMIHAR Tz 11 diminginsaigneenuuunwieuiums 1y
= s q’: 1A 9 b st o 9 ﬁ [ =) 3 o v T 9/ =)
matamsaadaassumUAmAENAMIG) 3N Isihuiuudaeg Sansdudom lsinievon
o 9 oot (= ar é‘l ar 3 1 9/ a
aw  lunmeassiudugnsain lilimsflestuiseedgyausuniudwausn - szdssllszauny
PYamineudhaniuen  usnvnszdssesnuuuees Inlimoaadygnasuniunds  29esdIui
" ¥ ]
ahamvduieaadyaausuniuei lduma 51 uasmsgaudondanu luvaz 1daudia

b iy
INUYHRAIY

DESIGN
PHASE

PRODUCTIONI
PHASE

TESTING
PHASE

AVAILABLE
TECHNIQUES
AND
RELATIVE
COST

TO SOLVE
NOISE
PROBLEM

TECHNIQUES

EQUIPMENT DEVELOPMENT, TIME SCALE

510 4.4 nsmlinatiauazmldislumsaadyanausuniu Tugrnainng

» b4 v
“dayanasuniu” (Noise) Av daana i luressifatiu venmile lunndyanun
" [JRAL 4 sl arl fof ] = ) M
Teonuuuenld uadeudhlandygraveenifianuduiusuuuludhudadu (non-linear)

E

as n’: LY g I a | R [

Auvidniuhilsdyanasuniu  wanduilymindesinmsesnuuuiees  Buuahdaanuds
' ; A'l == =4 ar = 1

nanil lsuniudeesdu SessSondyauiiiniy

YQYe 1M IUNIU
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1 = > .
“mssumumauimaniii®  (Blectromagnetic Interference: EMI) Wi
@ -:i A - o ) ¢y a &
dygnasuniuiigUnssinsemissiiolag Aaw adesnmsuniuginsaidhafios niesuniu
@ a A o ¥ a a = o AN e " g a a
Aniwesluvazivhou duwaldifannuAalnalumsian niewmauldlidulseaniam
¥
= .; (] o o ¥ 1 L e
m3sumuilszifaiulddedidmisznoudy 3 dw [40] Tdun undsduiadaymasuniy
- 1 P ar ] d
(Electromagnetic Interference Source) aufi 13 unamssunumansiman Iuih (Receptor)
A " 1 1 ¥ & A 1 v o = ]
HazMIYoNADIENINTRId NN (Coupling) Feaunsaiyouns lnaoidnyue e Tasriun
o o T o _ =1 ar =) -:;al ' . A’! 1 ] d.
A 19U @efMne MSemedyy s H3eNGund1 Conduction uagmsi¥ouns lagrumniy
' ¥
wimanWih Tavezurnsznwrumnamamuoma Sonmsideuseuuuiii Radiation Taslu
» » 4
unilsznandwmassuiadygasunaumasiman Wi msiFeudersasany uazmseen

puuIsmsdszgad 19 luaniie

4.1 yvasdutadyanasunumanimdn vivh

v oo & Lok 1 g [} =) ] ar 1
unasduadyanasunumaniman ihdegunmne nawsiiauandraiuly udes

annsoutsmustiavesurasiuia i@ty 2 dnvas [40] fauaaaliusiadon 4.1.1 uas 4.1.2

4.1.1 nm’daﬁuﬁﬂ:“’t’ﬂéq,nmmmumﬂuaﬂum
v Soll & " a ' A& ] & sy = o YV o
unasiiadygnusunIuMeeniees Idun nseailemsoslsrufsanianulndsu

unaenw by 55508 1wy Wr wiawiud Idhate Wudu mstlesduduanasuniu

9 g

Qs

3 u.,r‘ o 3 u’a'. o ] o a 1
nnMouenNIsiNLNAsIeIsdeiuld  Taomsneginsaliamludmanudifersu'ld
¥ Au uonvesnldidage eonldviesnniaesaiuguniensesmidedn Taasesnses uazih

4 a dg Yo d ar g Y a @ ] [~ i
NAvFan 11nuU99s Mzansatlesiu lilmidemssumusumaeusman Wfanneuenla

4.1.2 wvasnuiadyanasumumeluisg
' e = s = o d ] s
unasiuadyanasun U 14T ifeInMsemvegilnssinioluiees wu &
3 ar ~ o V- | £ P ' ¢ = o
Aumu Aaniioah aunulszy nioutlas uazginseiadndeneg wu lalea niuFmwes
9 ] (=) :; ar c; c; & =
woala 1udu Tasdnannzannmsiaeunlasesnsie HaZHIIAUNANINDGS nIBIAA
¥ v T
Mn difdt waz dv/dr swmamanasunlasvesgungiisuiioannnanudumunieluves
@ o " " g o ' 1
AW (Thermal noise) m3sunaumamimanlwfheinmolursesiinliawrsananidos
Tasmanavineg Auld fedududeslinmsud luidaieesies ez lireesamsarauld
] =1 a a P 1 [ A aa as 1 ]
a0V 5T ANTAW uazaanNUFLEBMITUNIUAUBY FITTnsandyanusunIuinuYen?
L, o o f % ' s o 3 o
ldun ms¥addni1 (Shielding) msAegUnsaiaans17ud (Grounding) msviliasesauna
(Balancing) msnsosdeyansd (Filtering) nistena995 (Isolating) nNIsNIALMUIYD92903

. 3 - ar o . ., .
(Separation and orientation) MIAIVANS saudunuausniolu993 (Circuit impedance level
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control) mseenuuumdedyan  (Cable design) uazmaidamsvindls (Cancellation

techniques)

& ' A
4.2 Tnuamsiveune (Coupling Mode)
ac & 1 ] o - ad - a o
FEmsiweudeveamssumaumaivan i vueds FEmsnTemuduvesdyau
(N o W ¥ @ o W oW o o o 4
sumunnunasduiiadyana  Tidsudygrusunie Awaasluvdenlaszunsy Asgi
4 a s o o 1 -3 - 1 1 o
4.5 Fansfleaiudy grasumu aunsamld 335 Ae shldundeduilaliannsodadyan
sumuesnTly MIdF5y lirovaussdedygnusuniu  tazaamsdidaNuIUNIUAIUNS
& ' ¥ o - & P " - rg i 4 A ] o
ieuse iiooiiga Famsiweudsszausanaiuld 2 uuy de misunumaniman Inihlae

¥ ] o o o
MIUANTZ0 LazMIsUNIUMauman Ifmedni

NOISE COUPLING TV
TCEIV
SOURCE CHANNEL PCOIANR

10 4.5 vden lavzunsums daudygasunau

4.2.1 mysunaumamiman Ilvhlaamsusinszan
mysummumasiman i laomsusnszets  (Radiated interference) Aavulu
gunsafitldnwiige Taumwizdugunselliey (wireless) [38-39] nioifavinmaaiieamm
wimdn ifhwesgunsalang meluaees Swnnasguves “asznssinimsmaialiih
s¥%11991@” (International Electrotechnical Commission: IEC) ladmualiiamssuniu
malmn Ith Tnsmsurnszow laosuduinug 30MHz dulsude 1GHz misfleaiu

ar v =1 4:’ ar - o 9 - 1 &
Fugnasunumaniman Ifuuyil annsefleaiulalasnmistian uazmsldmaiiag mdun

4.2.2 masumumasimidn llhmaeaarh
1 =3 o o g a e saiq ¥
mssunumaiman Wimisdni (Conducted interference) vzinanugUnIsinly
v v [ ¥
anudmdathunae masumuiRanadyguiiiniwdludmdwa 150kHz §s 30MHz

danmeitludnirinih ldagunseidrafios mldidamsiaunranaa

4.2.2.1 Tnuawnana
Tnuawas1e (Differential Mode) v M3sunIumaiman Ifhnifannmsiyeude
v ¥ v
w935:00 A mmz 1y line uag neutral iy 1Wae1 2993t lutidmladeasnsaue Al

ﬁqng1mmmuﬁnﬁm‘fmmﬁuﬁqﬂﬁ 4.6 [38, 39, 41]
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Chassis Ground

Tam
[ —— 2 Zetrewist - 1
| 1
() i 3]
| |
1 | Zreoirn fg——— |

I HTLEHTH - LA A A

U1 4.6 fiemansderiudygasuniulu Inuanasii

4.2.2.2 Tnuasa

Tnuaiaw (Common Mode) fin mssunsumatiman i iiAannmsFoudevos
52w Tiih Funs1udvesssuy s ludauves line 1ae neutral Twvziod1a line 1oz neutral
vosszuy Wihiilumastedygrasunumanimdn i Twaasnsudvesszuudaglit 4.7

Tavrumadniszqisda (Parasitic capacitor) Nagszniednh s uAvee2993

Chassis Ground

Iem1
I'_"" — __”_Z__l‘liﬁ' —» — 1
l I
Vame ZLoaa |
l Icnlz '
M= o =2
| |
() |
! |
' |
[ Fp— —_— ] — — 4

AR 7l -0 T T

U 4.7 Hemamsdeiudyapasunaulu Tnuasy

ar

4.3 myiadyanasumumasimanlWihannenasgiu CISPR
ms¥adganusunumaimin ihiigndeaiu wdvsiigUnsaliduiludesldnae
ot1a uazite Wiy lumunasg i 111?71%?;%ﬁnﬁuaﬁ'ﬂum:n'ﬁﬁﬂéfaqﬂﬂitﬁm%
Tumsfadganusumumasimdn ihmednhluTnuasw #08wa  wasBouBoannn
w5311 CISPR 11 [42] uaz CISPR 22 [43] (COMITE INTERNATIONAL S PECIAL

DES PERTURBATIONS RADIOELECTRIQUES: CISPR) Tauﬁf&‘au“lwmqﬂnmfﬁaﬁ
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4.3.1 AMN/LISN :
wseadien 1 lunsSamssunmumaniman Tihansofada1dde

v el
Taumisae1in
9/ Lo I ¥ ar - &
'maﬁmmwmlmmmu'lﬂmmqﬂnmmmmﬂmﬂ (Equipment Under Test: EUT) ®aaune
fdesnanToada Andnudrveaumasswin msizidweenveaunassie I dudunmandnves
ar a 4 @ o ' Y v °
dganasumuninglnssisz llsumuasesdumedni wazmsizhmeidennunanie ai
dandwiuilumeeimea urdyapusuniueen lidsanudiiimimeass 110 EN 55022

@ a o u,: = 4 o o @ o e
(CISPR 22) atiufiunasan 3 ioll 1997 [43] IinauomnaasamssunIundnihfiness
. 3 1 1 g a o
Insauuiny (telecommunication ports) uanna3ndsannsainmlszgndld1dsnun lu
31 4.8 Ao szaudunlSouiioy nSenquiduding (limit) Anudae 9 ves CISPR fieunn
P ar U )
Wasgu Taoh Class A (duiv) 19nugalnsamlsludemsar uazgaamnssy uaz Class B
o o o ar { o ar 4 ' 1 o
aduilse) IFdmiugnseidanineu inerds ¥ liifeadestumsd uazgaamnssy
Y o o 4 :l." a ) = aa A = ar &
dusriamanil Wauudnnudunuinnuding Mowioudmivmsneass Falae
" v 3 v 1 )
Wl anudumundnaunsadiumldnhaus lnuduegiudsinadeniisyimsda e
L w L] ¥ ¥ =t ¥ v 1o §=oy [
mIdaussunanaTeNANNAIUMY ezt EUT fianudumusesgiuundssie  Taeli
annsansladfiawnls ugernsziimdoudgs lumsvaasslivhmsiasmaig afs 1n
3 et g ' al @ A Vv b =) = @ P
Mo Yeanaapailawiiiu anuAumuraniaeth lWezdeslinuuatssnm Hudluin
Y93 Artificial Main Network n3o AMN awuinsgid CISPR w3e Line Impedance

Stabilization Network n58 LISN musuasgiuaming uazsan lifalnseiesiiadus dae

140 !
. The average limit is shown
L TN dotted below the QP limit
o B g, Y
0 el ~~ CISPR 11 Group 2
110 1 tvvedevue... ClassA>100A/phase
ith
- 100 1 J with voltage probe
e e R 1 2
foo) g
80 1 *
: RITR EXTRI TR, ,‘\\—QSPHNGroupH
70 \__' ey CISPR 22 Class A
601 [ T~ T ™ CISPR 11 Groups 182/
50 1 e - - womo» CISPR 22 Class B
- = & = w = = 4 ¥
40 e
0.1 MHz 1 10 100

11 4.8 i[duiavesmssunaunedanimuunsgu CISPR
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foiafuifuatu AMN/LISN azeglu CISPR 16-1 [44] Fassiimiuandrafuoonly
uaitionlFidumasgulunsmagevdie 50 / 50 uH + 5 @ AMN/LISN nindeiafiudosms
mneis anudumuszniemousazduiugay (earth) wliduiu 50 Q vuwdy 50 pH @
A8 150 kHz 9 30 MHz uaddesmsnadeniinamdisind: 150 kHz swld@dmmu 5 Q
sooynsuRY 50 PH unu it 4.9 ti‘lu'nﬂsﬁugmwﬂﬂieﬁuﬁmﬁn wazgit 4.10 Wums
ApVUBIREAIMMAAMINAIT I CISPR 16-1 Tassoil$luudazmoszdesdimiiniiuna 2
o lunsdl 1 ol uaz 3 wie 4 melunsdl 3 e 29esnsosuBANUBgIiIBIE hidealid
18 uiluBamdirdozae 13 AMN/LISN ilesasaanuii (50 Hz uazasueiing) filua
indesiioda uazilestunafifaninnszuaiu

AMN/LISN :ﬁ’mﬁﬁ'&gmmﬁv:ﬁhﬁ%ﬁmﬁm uwias%ﬁ’nqﬂﬂmf%'nﬁ’fgmmﬁﬁ
ﬂ’rmqauuﬁmﬂawmﬂﬁiffumﬂ (insertion loss) A1 uazamsnlusERvvesdamuiiozia’ld

v td
moonszauIiuonesnnnunastie I Bmsmartannsoi 1a Taslvdweieg lulaseie

N~ —————p N
250uH SOuH
L onm\TfTW‘ _L > L
4uF 8uF 0.25uF Equipment
Mains T under test
input 10Q 5Q —
5002 =
E o ! # - * i
l_ High-pass (_) 500
Ground plane " Earth reference point filter receiver

51/t 4.9 2995 AMN/LISN amnsgiul CISPR

100 | | | '
| +20% tolerance :
7 B oy S - s e
- HE s a1
® L soqs0uH A :
% L 'T-:ﬁ.-ﬂ i i & 3 :
3 oy : /1 | soovsuH+ 10 :
10 W B : . : g
a s : 7 1 T
g p __..."“\ d %% I ]
B o e ‘K t
kH: r ? .
SkHzl soovsouH+sa | :
g :
1 ” ;
10kHz 100kHz 1MHz 10MHz  30MHz

51 4.10 MsapvAUBIVBINNUAUNMUADANNAYDI AMN/LISN
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° ' & o ] & o
CISPR 16-1 lasmualazeiie 50 €/ 50 pH+5 Q FalimnnudumuaenNuDA
H ' d ] a s
717 4.10 swsalFldnunszuagaga 500 A edlsnmuss hiannseldilulsesdredaliiy
NMNATIIUYes CISPR 18 mawaoudrezihuFomasisalflalugeihinhann
dadglumsld AMN/LISN fedesdeyaulSouioudhnuuiunsinug (ground
& v e = 1 ]
plane) Fanuldmuuasymlumsianall sadloulidmnnuyinlssina 12 pF desy
senhaudazaenunsug dudhumgmssivieiussdu Iwthnszuaady 230 vV anud 50 Hz
" cl’l U é 1 ar 1 l:lv o = L} ar
uagiimanuy ihildesddis demdwnaniszhidifanszumlszina 0.9 A Tnadwduiy
- d’.‘ o 1 e o (4 - ar 3 kY
Uszyaedu nszuailsziiluduasivediann minhifimstleatuTaomsdeaivasiu dniuszdes
unaanouazszuumeau¥eie ldiiedsan1s14 AMN/LISN misnaasslaoialifsdesiide
' ¥ 4 ] "
verulusesiionulasasounly  gilnsainldtedeeinaninonuisldednlasasonng
¥ v » L
Uszneumamedesiunssuaianiimgs  wavdesdemuaunnais 610 1dhmsuonszou
(isolate) ¥8a AMN/LISN oonvinumnasiie Iuaz yaufsouiisundn [42]
HANSENUNTOIVeINIZUASININUHAIT I8 Ives AMN/LISN hiamnsoszilesiulay
3 ¥
19 earth leakage n3® residual current circuit breaker (RCB) 19 antiuddoanmsniuilasa
v & 1 Yy ¥ P a 3 W adu’ 1t ' =
feniveu a5 lamdemaaugnssuniezdaeenninumadsso i uazisive hilinareniud
= P £ ar -“ LT o o A P
Ingideamsezdaday Banihezgndrenszualasundssie denadiuilymluvesisesuas
Y ar i r @ v 4 o a a e
syauusaau i i unasie Wasseuy Imigadiuiiion e lindeudasdudidonszue
:: A = Y o § a ¥ o o = =
ngannlunnasen FdseildglaauAaiou nasildnisia EMI Aavinanuiluei

mddesldiina Taaueulsigelumsnaana [45]

4.3.2 wHuNIIUA
iedesmsiadyanasuaumaniman dihmedni  Tasliginsaindoanszia
¥ » ¥
w3 EUT awnguuldznanos szdesnaldgenduriulanzildmuiuninuadieds 0.4 was
’ ¥
Taohuru Tangazdvativuianaazuetiadosduas 2 was [42, 43, 46] uazazdoadald
' ] v | ' 9 a U 9 9/ P 9 s "
vnnnuey Tangdun bimvadesiumsnanesedinios 0.8 was dginsaindesmsiaussyey
' v ] ' o a : o ar 5 ° ' H
Tundesdla THaedhszeevennuiunsIUAIIBs 0.4 wastl JadeTagildindes dgilnsein
¥
aoamsialildussyeglundesila Mdehszozviannudunsuaseds 0.4 wasil Jadauud

seavveaurunIIUanislules

y ¥
Pt A o

- ¢ ¥ ys o o T
NI IUAIZABIINBEIRUSTAUILITY 1ATR ez 1Flunsnaaes uazdeains
tausunsuA Iiiune - daodagilildinunonlan:  wieennldiu  idaeTansunuudy
sy ¥ ' ot = o o v o 1 @
ATUANIA nazununsuai 1fezdodiveufieginsnnvevvesginsaindesnsezia hives

191 0.5 was v hidinn 2 wasgu 2 was
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o a T .
1AN317UAD1989983 AMN/LISN uag Impedance Stabilization Network (ISN) 98
] ¥ ] '
desseiumunsusasdni IavTiasi ldnedungamieinld [43]

1
ar v o

4.3.3 m'%"mm Fyaailaoinms)

3 oiudqanaiii 18nnmsia UnAinez1d Spectrum analyzer Whundesiudayan
Fundessudayanaiildlums iy quasi-peak wdouiiulinnnasgiude 2 ves CISPR
16-1 [44] m?m%’uﬁiymmnmu average sApailulumuinasgude 2 ves CISPR 16-1 uaz

¥

92A09% bandwidth 6 dB aas3IuYe 2 ves CISPR 16-1 daum?m%’nﬁrgtymsmu peak
¥

wasudulununasgiude 3 ves CISPR 16-1 uazvzdoall bandwidth 6 dB mumnsgde

2 999 CISPR 16-1

4.3.4 maAnAunesie Iamssumumanimdniihmaednih tunegnsaluuli:
= o ' = a’.: e o ' -]
31U 4.11 fﬂxr‘i‘luﬂumuamwﬂmqﬁJﬂ'smvn“l‘ﬁumnﬂmisumumauumaﬂ‘lﬂﬁmn
o o L3 A oA 5> [ 4:”
anh wuvaegUnsaivu Iay dalideulumsAaasssii [43, 47)
Ed @ o &y ' o U = A a ] o T
1. mmedanhdviesegdndt 40 wudwas  mileuuaseiuvearunsug  uazli
L4
e liaula ezdeaiamnlawmoldiianueisening 30 8 40 wuAmms
b v
2. s Idnnumdaniszdeaianuiuldeduinga
ot as I 1 ar a {
3. gnssinAesnsrzindesdentiy AMN/LISN 1 #2 Tauh AMN/LISN #az ISN 9n
@ 1 ar ] s o
AzAvdodNuuHUnsTINANBg luITEaY
¥ ¥
a) undanie ynadvesszuuszdesnenein AMN/LISN @i 2 Tavamsoafada
Tildaenun s ldnarwginsal
= ~ @ a 1 /e o
b) AMN/LISN uag ISN #lfifuiléifiudrdreds wdeanainnngunssiivhms
[ - ' £y = o [} A
9 80 1uAINAT 1Az BE19BY 80 LFUANAT INQUNIBIDNY UBUHY TaNzDuY
¢) mwlindn uazmedyga arsmldegiiumnniiganiin1é uazezdeseges

] Y o =
NUAUNTIIUADIIDY 40 IFUALUNT

-

- A Aq Y o ' ad J o (Y] A
4. muvounsoailonldsanlumsia wu awRduesa meonnd uazoua Inelumiiou
M3 1l
P | ' 9 | ' 9 = o4 9 -
5. dahegsoun AwuonIzdBIeyrNetNoy 10 wudAwasvngUnsaioudiufvs uay
ar 1 A ] ar
1A onIu e nddesldlunsnaden awsereduudiniugy1d
s o ar 1 ar o
6. Imedyaaudiosn dmSudenuginssineusn
c: as { 1 L) ar o ' 1
7. Mlawmedyanadneen 7 hilddeduginsaiswamsaldesasmer]l’ nieervde
¥ e & e dadn ¥
WNUBNALALAA 16

o o 1 ' J
8. d13uiludeald current probe A25219119970 ISN lirfeendt 0.1 was
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L AT LGRS s St s bariioieuinme aceys it e it vy e ppieiabne i Dkt el dio et b s b toplont |
|
l| 10.ex Non-conductive table :
I \‘ :
I AE \ ,
| B
I Rear of EUT to be d [
| flushed with rear 4 5 |
! of table top |
: 3b) P I
|
e [ i 2 g Y | 80cm
B J‘ /r] 1 | to floor
20 & T~% :
I
| / 7 2 I
! 1
I 1
AMN i 2 A
s 7 3
pe) 1 £ o 3b)
13b 7 40 cm
o < min. ~
Bonded to vertical | L I
reference plane 3c) |
Vertical reference 40 cm to vertical Bonded to vertical : -
plane reference plane referenceplane | 7
__________________________________ l/ IEC 126697

AMN = Artificial mains network
AE = Associated equipment
EUT = Equipment under test
ISN = Impedance stabilization network
50 4.11 nisfndsgunsaii 1 lumsiamssunumaiman fhmednih vuunsglnsel

vulfz [43]

[ T kg s ¥ L (v
4.4 anuduiusvesnNutumyliih Aumsdaiuwasau
1 ] o = =4 = J =t c;n J J
MIAIWIUNAIIIUYDINITONIMI FYRUAATUATDANI HASIIYUTOMAATUT 92
b4 b 4 £
finansevouniuduegiumarmdmmunoluies Taslwiadeid szuansdsediamsdaim
wasunwluaees Id ldmasnesniimmnniige U0 4.12 taasasauyavenIsaanunas

'l Inan TaowdsaunInanez 1450 P, sxlimdaaumsh 4.1)

Ry,

Ke (t) F, max E> RL

31/ 4.12 29vsauyauaaimsdaiunasau lda Tnan
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PL—

2 2
= VOZéRL = VOC 1_[‘R1’h "RL J (4’1)
(th + RL)Z 4Rﬂ!

th +RL

nnauMsh @.1) wuhddesms imdsnudesin U Tnaagegaezdesinld R, &
' 1 ar é o lﬂ' 1 L} s z = 1 ar
AUMNY Ry, mqwmumngﬂmmu'lﬂuﬂﬂaﬂuuﬂznmmmn Vozc /4R,,,
o ar ' - yﬂ = 1 9
wanmsaananfamnsalftluuuamalunsfinymsifasuulasvessianuaumu
¥ Ed ¥ ]
meluresiianududouniil  Taserdondnmsiilumsiammanudmuimngay

e lissannsodaiumasau i Tnaaldgaga [48)

4.5 anuuanavenpnaniinanemssunIumaimanivivh

Source

l

Load Source : Load
1
1

gl 1
I 1

& P> v e P

e

(n) (v)
i 4.13 290seruyalumsdariumas il
(M ndurDsees il nan

@) v1n Tnaa llduesines

TumseonuULNs FoBnuuudeudnens IResNoonUUYEIINIZ A INUNALY
s a oA = a s o
i nanldgaga nieiinmsgadomiige jU7 4.13 () ilwasesauyaveannnsduneiineid
° ¥ A ) ar 9 or o Y @ o
wmthinduumasse Idihaszuaadulinuaeess Tauuuduuveynsy  uatwesluyunduiu
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Magnetic paths
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Foil cross section Wire cross section
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i a a ¢ A dal ar 4 =
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100 0.5744 0.1851 0.01 100.58
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5.4 wilamasnnudga

= ¥

mseonuuurieulasmnudgs ssadwiumsesnuuudamilsninnuige Ao dva

-
-

o o o d o ° [ a
Midsdannuannse nielasinavesginsel fziunld lidnzilulassadrariia vievua

d‘ n’: ad \ ¥ ar A L ¥ dy
vosqUnsalinld souiadsmsvenuuy udiideunndaiudnios Favzamnsoagy18dswe 1

¢
5.4.1 msiaenginsal
- v 4 o v 49 dd 4 ¢
1. vila dnvazlnsiaie uazvinaveaunuminnldon galunfivuidenunumeslsa
) = <
m3zlFnunanudge
2. wiia 315 vina wazdnuseuilFlumsiuvesandni Maluvemlgugi uozva
nAunl
3. FUA LALANYUSVIINUIUVBND AR
ar ¥ ar o
4. anyaz 1A59a3 10VIAI09 AaBAIUNIITEUIBAIS oL
5.4.2 Yoiviua
1. vwaddviesn
v il
YA 1AL SIWNINNUDVDINTTUE LBZISTIAU
o o = s oo = { d: 3 ..
mdagayds UszdnFnm nSequngintiudi (rising temperature)

ADITNNITOAIVANIZAVUT UYL TUNTENNNA 14 (voltage regulation)

Sl R

Auaian i uaz@anadug

5.4.3 And1na
= o o £ .ﬂ‘ Yt o ar L] =3 o ar = o d' o
Iatinalumseenuuundewnlasnudgs WMldadnanudodusunsdiduniioni

anudge luvade 5.3.3

9 ~ Y W ar s - o
miaammnﬁnauﬂmmmnqa xiﬁﬂﬁﬂ'ﬁﬂﬂﬂu'ﬂUﬂﬂ1UﬂUﬂ1iﬂﬂﬂllUUﬂ'JlﬂNU'JH1

o L) A o {
o eanuuulasnisdmuamanugadoluatanens  Fazaansofmursmiaumsnlelu

b

msoonuuy 1as i
N (5.25)
4-44AcBmaxf
V.
(az Wy o I (5.26)
44448, [

kw
N4, =Njy4,, = 5 (5.27)
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Pr:u T IlrmsRl R JrZJ'JI'M.S"RZ

A B T E )
kw(4.444,B,., 1)

Vljlrms o VZIZrnu D3 Pout

2
P ptPOHf
cu = 2 12 2
4.935kWAC Bmaxf
2
wA
K =l
€ t
WALZ pPozf
Kg, = “

t 4935kB2, f2P.

u

5.4.4 Yuneulumsesnuuumiomlasnnudga

L. wndedmualumsesnuuuazdnnumem K, 1dnn

K

¥ 4935kB2, f2P.
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(5.28)

(5.29)

(5.30)

(5.31)

(5.32)

(5.33)

(5.34)

(5.35)

(5.36)

(5.37)

(5.38)

(5.39)
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DONVIAYDINUNTIM K, wnnh M K, nldnnmsdnnulude 1. moldmuse
a d' - 9 [ o d‘ 4 1
Wuatanewaasuuunun@enld wazamnsasundsnumuiioonuuyld Samn Kgw

5o IdanTazidoavenu lumanuan

42
K, =2t (5.40)
t
AnamiuseuvesvanIaneasd il gugil uazndoginnaums
1
e — e (5.41)
44448 .. f
V.
uag N Ao S (5.42)
4444, B o |
AuumuIavesuinAaTINvsvAmIAeILAT Il unT oy nRugi
kw
p A Lk (5.43)
wl 2N1
kw
0 (5.44)
w2 2N2

R

envAnIanensiez 19 Tavunvesalanedaesay FaiIanoumanawg 1du
s A a qgéyw |3&yy¢'o b

NANALITINNU Apsimunmiasnananhuiinidanisuia1dlude 4.

YIAYRIRIANBIAIRAZIdUIEAB VAT TN Meuanvesianeunfii

. A o
nszualva (skin depth) Famunsedion ldvnaums

1 P
g \/4372 x1077 '\[f 4y had

swmmdsgadeninaluunu uazluaianesuns

P. =9.8623x102° p22 p1i192 (5.46)
2
P P Fou (5.47)

“ " 4.935kWA2B2, [>
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5.5 aaunudszganungs

Fudulszyrmidgeiiinoauiesana Teginmnovatouuy pj"h’s’mnﬁmﬁanef;a'lﬁ
Tasiinsananaiavessauiuiszy (ladidnasn) Moy IWihidesmsivaunsiiuasiuy
Y5ua1é AidauseduInihnszuaase uazmieihnszuaady fdmiohifidh awdildon
msidenyiiavesiaiuszyezdosinsandnonnseldo’ld TaviinnwdlFausauing
wasuasmanuyIWth londissynmin nluumit 4 18ndnimnanis Tauus
voafagUnsel dadluarudivhifunsalisnvazmsmaniallvndy W Saduiunie
anne nienfAouquaniAnndafulsey dudamilvnh Siingaszasiiidoams mazaziy
Tedpeivaisan feiiavesdufiudsepdenld e IWannseldan Idedhadunlse Ansam

mnmmilenilsia (L,) uazanudumulsda (R, az R,) s T
muluduiulszy (£,) vesdudulszyriianien Mdgninaua3lunamuan . wih 190-191
(ieaun30g 1490 Data sheet vosuTimiinandauiulszy) Tumsidensinvesduiviszy $
dhudeadenyiiadifinomdis Tsumndmoluwosiafiulssaganimamdlfonmnng ol
Toh no@nssuvesiauiuyszy uazsmag e lin/dou T srnit 1deenuuy'l3

'Iu"fiwmﬁwuﬁ‘i’f'lé’;ﬁan‘l%ﬁmﬁuﬂssqﬁ‘l‘ﬂﬂ§;5ﬂ?ﬂ‘ﬂﬁﬂ‘1w§1‘mﬁﬁu (Polypropylene

film) WWesnneninldanuianudadnga 100 kHz 18 davsdamnionuusisuidsanss

5.6 gUnsalildlumsnaaes
qunssidie #ldeenuuudumiadedt 5.1 — 5.5 Wel9lunsnanes aunsofumn
oon lalludIudn ﬁqﬁ”(qmwﬂsznauiugﬂﬁ 5.51a2 5.6 tazmAnUIN N, 1 105 i1 150)
1. laTeauuuusad (Bridge diode) 141nTon GBPC 2508A wiln single phase Wna
NI 25 A WAL IAU 800 V
2. wommaids § 14aiia N-channel e IXBH 40N160 tuuil Free-wheeling diode
ogmulu WinaussiuanasouviATU-To5T Yazngaingzud (v, ) 1600 V aunse
hnszuaderios (i) 1820 A 7 90°C
3. 29939uInA (Gate drive circuit) 19 2995591 TL 494 udradndayanady uazvne
MasvesdyaIuduaIe299359 IR 2125
4. Familoniveaesnie Ly uaz L, 14unu Iron powder 111 Toroidal core ¥R
T250 ¥iia —26 uaz1¥anvuia SWG 15 Wusouunu 143 sou
5t ﬁami‘immmmﬁqa L, Wunu Ferrite uvy EE vinannugaveauny 80 Jaamas
¥iia 7H10 uazldatnvunn SWG 27 $mau 20 dwhwidndssmiu Taniuseu

vouliu 91u9u 80 501 ANuNveITeIeINelseum 3 Haduas
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6. wiioulasnnudge (TRF) 14unu Ferrite uuy EE vunannugevesinu 80 Sadmas
¥iia 7H10 uaz1¥a1avi1a SWG 27 findeasauiu 20 idu dmiudnnlgugii uazdo
idu dmiudumaogil Taviisousevvesvadgugiisondvgiiviiu 41 : 22 sey

7. dudlszquesnies C, lidaduiszywiiadidnasladn (Electrolytic) finn
139U 400 V aoaa vaawg 1w 2200 pF uaz 1500 uF devuiudiy
ar = - | = = =

8. dunulszynawdge €y, C, uaz C; aiuszawiaTnd Insiiay WIMA MKP 10
vuanwuy Inih 3300 pF fifausadu 2000 Vpe hindevunu uageynsuive 114

' 4y
ARNNNABINIS
9. waaAmileni (induction coil) 1¥amvuIa SWG 27 §1uau 40 du rinndnder
@ y Y A gy ¥ N A
s wasualsdasnlowdune ldemnsonuanuennnmruz1d udr3ainnwe
Whuneluuuaszunlduasdransugivhnn Stainless steel 9u1n 18 ruAnms 521

AR
Nagu 15 501

3 G G L2 e %
I ;

id

el g SleAEq MIYEN, Lo

diode L4 -
. Induction ceil

2N

1l
1

711 5.5 2995 duyaveIevsAuuLY

| &
@l Bridge diode
e f

311 5.6 2995 A1)
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HAaN159189973929 HAZNANISNAADY

6.1 msvmensmalih
ad a4 ¥ o b = u’: - ° “an Y
nnismsesnuuuaesi imivaue ludrluuni 5 wu arsezimaiwmeesinlam
o v a e | ° B A gy = aw ' &
Hassdwnounumeineunezti lladieess weldnawdwwa Wina uazglievesgianu
a Ll 4 o' & = L4
nszue uazusaiuYeegUnssiiieg Tunees deeziludsz Temilumsidenyilavesginsel uaz
4 ' = oo e‘n‘r‘ & o P ar a o
eswlumsoenuuuiinama ihvesgunsaihiug Fawamssriaoei IdezidludunlSouionsy
" ' 3 3 = o & VA Aw ] @ A U a1
nansnanene llgnaes Indingenumie i FanAeImsnInae ussunannIongUnsala1eg

Tunees uaznszuai lnaluudazgiasel e ldidhuamadumsadiaaesei

6.2 N'ﬂﬂ'l5‘ﬁ'maﬂllﬁxﬂﬂﬁﬂﬁﬁﬂﬂiﬂ'l\i‘lﬂﬁh
mstasezldmndweiang munldeoniuuBunaunmsluomaig #léduaue
& dy o & o o - - e ar
TUud Faluuntisznaaanamsitanani Wivenwsdureswesaaia 8 uuuaInFnusIay
o't o v o ) o o a o ' o 4 '
gudluanzmsminuaeg du M l¥swiunsinsgdnmssumumasiman i Faudez
nupvelFussduvudnilssuns 220 1aad 50 1@sad Masvudnai 1000 Sad anunaiaga 100

v
Aladsae Taonalums$rans 1AM NARBIIZILINANTIZNISOIUBEMIIY 4 1L AB

b ]
1. 2vsdunefimesaaia  Aug WardmmimihiiiuTvaaueases (aa1a  R-Load)

= o o a 3 g = e § o o ot = °
2. 2vsduneiweinaa 8 ldmdewlasnnungadsiumas i Inaavaniamioni Taoyy

et 1

L o ¥ ¥ L4 -t ) .
5:11'.1Nuimuua:mmmumﬂumtﬂmmuﬂjugunmﬁ']uﬁuu (o @ + niowlas + unity

power factor load)

]
=] M ) LI

3. 2nsdunesmesaaia 8 ldmdeuasnidgedaiusidsldiinasvaatamiionir Taoh
sundunszuai Inadhmdoudasiiyudmdus wuanasenvanialyugivemdeura
(ana  + nlouas + lagging power factor load)

= o o = = [ e o w ar { o P

4. 2vsdunesmesand 8 ldmlaudasnnudgedunumasldiInasvaaramileni Taoi

4 a y 9 = g o ' A Y
sUadunszuai vadhmdemlas  fypnihwmihussduanaseuvaadimlgugiveansie-uilag
- .
(d ® + nliauilag + leading power factor load)
v

(] o o o ot - m Y e et s o o ] ' -
mumsmﬂwanwsaunasmaﬁuphmuﬂ‘lu'lﬂmmmlmﬂuguuuu ﬁbll.lﬂﬁ'an

11999 INOYUBNINLDYDLIVAIIUITY
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& o "
6.2.1 2a930unesMeIAmE 8 Wugm IWmdumuwihmhnidulneaveadses
; 4 ; . s g gl
14 6.1 Wursesiildlumsnaasaluuuui 1 Aeldddummubmihiidulnon Sgia

6.2 81 6.5 Wumsfsouiisunamssiasaaznansnaasai 14 sxdunadwan 1didumimela

wn 25lugilit 6.1 Tasldmmsiinesang fall €= 6.15 nF, C,=3.43 nF, ;=4 mH,
L,=830 uH, R=495Q

(M) (V)

51 6.2 UnaAunszud i wazussiuRumasne Wi v,

(N) HANI391ADI (V) wan1sneaol i, : SA/div, v, : 100V/div, t: Sms/div

Ipc - P i

i
i
i |

i
i
i
i
i
i
i
3
i
H
H
i
i
i
i
i
i

(m (v)

51 6.3 gundunszud ipe nozussauiihnszuaasa vye

(M) WaM31a0a (¥) HAMINABDY ipe: 1A/iV, vy SOV/div, 1 2ps/div



78

g ﬁf b 2N //\

5 WG ;

sy -/\ ! \ . \ ;vd, // _:_\\_ — i

S PG, 15
e e H

(M) (V)

| 4 _ as 4 ¢ a a
U7 6.4 gUndunszue i, uazussiungUnsaiadnga vy

(M) Wam3i1ana () wamInaaol i, : SA/div, v, : 500V/div, r: 2ps/div

i \\ //\/

B T

(n) (v)

1 6.5 jUndunszue i, uozusAuRAIMIUMI Inan v,

(N) HaN1391a09 (V) wanianaaos i, : SA/iv, v, : 100V/div, £: 2us/div

6.2.2 29959unednesama 8 lndlemasnmdgedwmniashlisinanvansamileni Tay
' o b v = e P <
Yz NIzIaezusIauvesniemlalgug it uilugud
i 6.6 Wuavsitldlunsmaasslunuun 2 Aeldwaaamiioni il Inas
' o ast 4 =
wazyuIEnINNszuAIazus uvo Mo asdugugiiiandlugud FagUi 6.7 e 6.12 iy

nmsulSouivuranis$iasaaznanisnaanadild 'mslusﬂff"l 6.6 Tavl¥mminimesaiag fail
C,=6.15nF, C,=3.45nF, C3=380 nF, ;=4 mH, L,= 830 pH, L, _63pH Req_

1.2 Q dasrarudiiusevveniionas e 41 : 22

31 6.6 2995015 TunsHaeauni 2 (are 8 + wileuilas + unity power factor load)
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(n) v

31N 6.7 Undunszua i uazussdununasnie i v,

(M Wamsdaed (V) wamineana i : SA/div. v, : 100V/div. : Sms/div
Tv l : T
DC ! i |
; e A eSO - »' = S
Ipc'" ks S
X l e — i..--, ,El,.-....'_“..?.‘:'#s-v-—-.'.‘:'..'.--_._;.....-
. doc b
Vpc AMNTEAN |
e |
__L e g e~y oo e vy o Sy . gy J - e vwllvv b W I- { —b by
z on | .
() (v)
31N 6.8 sundunszud ip- nazusaiuihnszuanse vy
(1) HaMsdaes (V) HAMINARDY 71 LA/dIV, vy 1 SOV/iv, 1: 2ps/div
i / < aRU 02 BV
e ol W R BN BB O © 1
o & e
¥in |/ \ / \ : l / \ Rt ol
? SRR WY e FHED NBLUEE SRR W
e it naietRagatipeaiuy o Bl N

(n) (V)

31 6.9 sUndunszua i, uazusadungUnseiadnia vy

(M) HAM31DDY (V) wamsnaao i, : SA/iv, v, 1 S00V/div, ¢ 2ps/div
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= /1 Vi AN 5
L . b
“‘”'""‘ _\\‘\ : =. \\\\ 1‘ | T
b M i
Vpri '/W \\// BT TR
O o

4 4 ; | - £
31U 6.10 gndunszua i, uazussdunvamIgugivemiomlas v,

(N) WAN1391004 (V) WAN1INAADY | ot 5A/div, Vi ® 100V/div, t: 2pus/div

brc M//’\/ \\/

.....

[T ————

() ' @)

310 6.11 undunssud iy, uazussiufivaasanAsgivemientlas vy,

(M WAMIA0Y (V) WANMIINARDA iy, : SA/diV, v,.: SOV/iv, : 2us/div

Secy”

=1/ N\oooh s

s /\/ /SRR B SRVAY
Viead ° g \ a s
_ \\/ e \_V ) PN

(M

30 6.12 juladunszud iy,,, wazusadunvaaIAmlenih vy,

(M) HAN1311ADY () HaNIINAAD ip,,, : 20A/div, v, .40 S0V/diy, £: 2ps/div
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6.2.3 2993dunesmesama 8 Iyndemlasnnudgedwumaslldinanvaaramiiei lag
a 4 ! ) W ) ' a v
nynaunszualvarnnitemlas dipridmdaussauanasenvaanlgugiivesniewlas

3101 6.13 Wuasesh 1§ lumsnaasslunuun 3 (e 8 + nildeur)as + lagging power
factor load) Ao lFuaadamiloninduInan uazgadunszuai Inadmdenasiiyudmdasa
o ' a & - = o
duanaseuvaadmlgunivesnlomlas FagUi 6.14 f 6.19 WumsnlSeufouwanssiaes
uazHamINAaaan Ia 2393 luzi 6.13 Taoldamnsilimesaien Asll C,=6.15 nF, C,=3.45
nF, C3=190 nF, L;=4 mH, L,=830 pH, L,,=6.3 pH, R,,= 1.2 Q 8as1d@uimiusoy

voanvoullas fie 41 : 22

’
=3

5UM 6.13 1esilFlunmstiaeanuun 3 (@ae § + vlouas + lagging power factor load)

(M)

31N 6.14 Uadunszua i uazusWuhunaanw i v,

(M HaM3T1009 (V) wamsnaaol i : SA/div, v, : 100V/div, : Sms/div

.....

Ypc

L L T Ve S
P

(M) (V)

31N 6.15 UndunsTud ipe uazusaau liihnszuanse vye

(M) HAMIIADI (V) HaMINAaol ipe-: 1A/iv, vy 0 S0V/diy, £: 2ps/div
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lq

e q ﬁ
\

.
e

()

" 4 = s { & = e
510 6.16 jUndunszud i, uazusaunglnsolainge vy

(M) HAN1591089 () HaMINAAD iy : SA/div, vy : 500V/div, t: 2us/div

(M (V)

3 6.17 gUadunszud i, uazussunvaaImlgugiveandomlas v,

() WaN1391a04 (V) WONMSNARDY i, : 10A/div, v ;2 100V/diy, t: 2ps/div

(n) (v

314 6.18 Jundunszud i, nazuswuivaalayAsgiivendomlas v

sec

(M) WAN1331909 (V) HAMINAD i, : 10A/div, v,,.: S0V/div, t: 2pus/div
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i load ~ /

1T 7T
b W\/ PR 55 Y75 e

(n) (v)

31N 6.19 jundunIENT i), tazuTRUNYAAIAMNENN V),

(M) WAN1391089 (V) HOMINADDBY i),y : 20A/div, v, 0 SOV/div, £: 2ps/div

6.2.4 239350uneIMeInma 8 Indfenlasnnudgedenumdeliisinanvaadamiloni lag
= 2 5 Yy = W\ 1] s o ' ~ v
nznaunszuan lnadhniemlasiipnihmhussunnasenvaainlgugiiveaniiemlas

314 6.20 Wunsesildlumsnanesluuuyd 4 (aarer 8 + nifeurlag + leading power

factor load) Ael¥waaramileniuiiulnas wazsUaduaszued Inadwioulasiiynimi
s 1 =y A Y =

useRuannIouvanInlgunivemdeinlas i 621 f 626 WuminSouiouwans

Sravamznanmiinaaeila 2eslugli 620 Tavldmwisilimesaeg Ml C;= 6.15 oF,

C,=3.17 oF, C3=570nF, ;=4 mH, L,= 830 uH, L,,= 63 puH, R,,=1.2 Q dasdm

$wusevventewilas fie 41 : 22

Ly
‘AR E R 'S 53
_E_,_’ Inc Isec | Lipad
4 [ + + Leq
% e T E—E vm'_r Cs' Yioad
5

A £) A
be N b ,,

(M v

511 6.21 jndunszud i uazusaiuiuvass el v,

(M) WAN1T31089 (v) waminaaed i : SA/div, v,: 100V/div, t: Sms/div



84

Yoc 1
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(M) )

31N 6.22 gUndunssud ipe uazussauwihnszuanss vpe

(M HAMTIABY (V) HAMINAABY ipe: LAY, vy : SOV/div, £ 2ps/div

|

b MG IR SR 3D et B e FeRrRes 1N WRe  FS.0aE  PPLDSe NP e P95 Wes
Prr e

Fise

(M

71 6.23 juntunszud i, uazuseduiignselain¥e v,

(M WaMI$aes (V) HaMINAae iy : SA/div, v, : S00V/div, : 2ps/div

N Y

v - e - R -
wien
o

R iae

(M )

310 6.24 pndunszua i, uazussduivanmlgugivosmifonag v,

(M HAMITA0Y (V) HAMINABDY i, 10A/diV, v, 100V/div, 1: 2ps/div
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isec -W ﬁ: Viee "‘){ "'""""
, AR A

s AVA\

Viec -./\ /\ / N \\/

(M)

:i d'u = LY d' = = 9
3" 6.25 jundunszua i, uazussiunvaaIandugivemdeulas v,

(M) WaN1391089 (V) WamMInaaed iy, : 10A/div, v,,.: 50V/div, r: 2ps/div

~ 117 N Y ;\\f___ -

= / \/ DYoo O AR\ W

. - o e o> s s

= Af) gl b8 i

(m ()

dl A - o 4:1' ¢=’ o
311 6.26 JundunsZHT i)y, uaznsRURVARIAMTIONTI Y,

(M) WAN 331084 (V) HAMISNAADY i), 1 20A/d1V, vy, SOVAdiy, 1: 2us/div

v v v [
MARAMINABIAZMINAADIN lAuaAT Imuadei 6.1 B9 626 Wothwloy

a @ e 3/ U [ Y a ar Y o ([ o o 1 sy Y
douAuiuuds Ynngldnalndifssiuann uamaldiudmimsiiinesang Aldnnmseen

Yt o Vv o Y o
uuyTasld3snmssassgnasazansmbun 1y 1deda

= . v .:;, o
6.3 mafSeunsulszanimwveamyanuermslaemsimileni
L c; Y o A'l ar ¥ 4 o
luriaden 6.2 TiinauegUaduussdu uaznszuavesdees luudazuuy Feemazih
3/ 0 Y ' =t b3 ar 9/ ; a
anudnlelddeudrann uaz hiansanSeuiouamsmwvesszu 14 lwidedivzivauens
=1 o a ¥ g b = ° o 9:
wWivuioulszaniamlumsdnmhveummaduemis Taomsmiionh  mauandenldiniuy
o o ny 3 o 1 ° o o o
Amagaunmsziimanuganuieunneudiauniveu mldmumsefuiamdmwesnld
' o o ar n’: =Y 3/ -:; é
1w Tasmsdamdneeniumnsonnsan ldnnaumsi (6.1) mai‘luqmmmgmiumi

Arudidalunmsoomndsnunn Wi T idluanudeu

At At

P =

(2]

6.1)
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= °

] y ¥
Tavh P, fin Masumi 185y &«w)

AQpoo 70 YTmmanudounldlunisyedy @J)

At fio A1 lumsyady (sec)

m Ao wavenh (kg)

c o fhmmqmm%’ﬂuﬁummﬂaﬁ (kJ/kg)

AT  f® anqﬁvmﬁﬁnﬂ%{au'ﬁﬂmnmsnaﬁ’u (£€)

& Ay v g
M319N 6.1 HaNINAaRIN 141N sami

PR GHIGERRLR Py (W) At (sec) P, (W) % Efficiency
2 (unity) 1000 400 784.50 78.45

3 (lagging) 1000 425 738.35 73.84

4 (leading) 1000 415 756.14 75.61

8 "
weng % Efficiency wuwia Uszdnsnmihlasu lusauhdsnamdsuiinug doudu
mda I numassig i 220 V 50 Hz
v ¥
M3 6.1 nanananIInanauinisinm 1 Ansvngamgil 25°C Wy 2995 lugy
= S 1 ar - a o =
wuuh 2 wieneshilyusznhanssuiaznszueidamilgugivesdeunouiiugud eziilse
a a a o ¥ = -~ e & = y N 9 o
AnEnmaNge 5990911920799 Tuguuui 4 wSeneshisdnaunszuahn lnadmidoulas 1
4 o ﬁ.. ' = 1 i J _ - D' 4
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dBuV EN 55011; Class B Conducted, Group 1 and 2, Quasi-Peak
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P at point (x-1) - P at point (x)
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c; o A 4 1
M3 7.1 MBUNIANTYDI995 THIAaz YR

zﬂun‘u Impedance (£2)

YD9I395 Point 1 Point 2 Point 3 Point 4
2 39.09 87.39 54.61 4.52
3 37.95 88.34 2529 4.48
+ 39.46 88.91 25.41 4.55

d'. ar [ ' . | P P " & =) a P ) 9
M3 7.2 dasauRaAnvesuinauginasuulasluudazya diemeunuganegneuni

stuuy Impedance (%)

VDIDT Point 1 Point 2 Point 3 Point 4
2 - -123.6 3758 91.7
3 - -132.8 714 82.3
-+ . -125.3 71.4 82.1

mynn 7.3 Mas Ildhngnderilusssudazye

;i.'lJu‘lJ‘U Power (W)

YDIMII Point 1 Point 2 Point 3 Point 4
2 1000.00 $39.75 830.71 812.09
3 1000.00 916.92 790.04 773.69
4 1000.00 819.39 817.80 798.25

MINN 7.4 Sanrammaanveshas Iihinaouladluusazye deivuiuyanegieunth

siuvy Power loss (%)

YDINDI Point 1 Point 2 Point 3 Point 4
2 - 8.03 9.68 2.24
3 - 8.31 13.84 2.07

. - 8.06 11.05 2.39
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International
ISR Rectifier

Bulletin 127505 rev. E 02/01

GBPC.. Series

SINGLE PHASE BRIDGE

Features

B Universal, 3 way terminals:
push-on. wrap around or solder

W High thermal conductivity package,
electnically insulated case

W Polarity symbols are moulded on
body of the plastic box

B Center hole fixing

M Glass passivated diode chips

B Excellent power/ volume ratio

I Nickel plated terminals suitable for High Temperature
soldering at 250 - 260°C
max. time 8 - 10 seconds

B Wire lead version available

B ULE62320approved

Description

Arange of extremely compact, encapsulated single
phase bridge rectifiers offering efficient and reliable
operation. They are intended for use in general
purpose and instrumentation applications.

Major Ratings and Characteristics

Power Modules

25 A
35 A

Parameters GBPC25 GBPC35 Units
GBPC...A

'0 25 35 A :

@T, 60 55 5 :
IFSM @50Hz 400 475 A

@60Hz 420 500 A
it @50Hz 790 1130 Aes

@60Hz 725 1030 Ms
Varm range 20010 1200 Vv
Tj l -55t0150 " GBPC..W

www.irf.com 1

106



GBPC.. Series International
Bulletin 127505 rev. E 02/01 TGR Rectifier
ELECTRICAL SPECIFICATIONS
Voltage Ratings
Voltage | Vg, max repetitive Virem: Maxnon-repetitive IepaMax. Loy max
Typenumber | Code peak AC rev. voltage peak AC rev. voltage @rated Vo, D.C. rev. curr.
T,= T, max. T,=T,max T,=T,max. @T=125°C
\ \' mA (A
02 200 275 - 500
GBPC25/35. A 04 400 500 2 500
GBPC25/35. W 06 600 725 2 500
" 08 800 900 2 500
10 1000 1100 2 500
12 1200 1300 2 500
(*) please see Ordering Information Table - page 3
Forward Conduction
Parameters GBPC25 GBPC35 | Units| Conditions
o Maximum DC output current 25 35 A_| Resistive or inductive load
20 28 A | Capacitive load
@ Case temperature 60 55 *C
s Maximum peak, one-cycle 400 475 | A [ t=10ms | Novoltage | Initial T,=T max.
non-repetitive forward current 420 500 t=8.3ms| reapplied
335 400 t=10ms | 100% V..,
350 420 t=83ms| reapplied
R Maximum It for fusing 790 1130 A?s | t=10ms | No voltage
725 1030 t1=8.3ms| reapplied
560 800 t=10ms | 100% V.,
512 730 t=8.3ms| reapplied
13t Maximum 12Vt for fusing 7.9 1.3 Kads| Ptfortime t =Ptxvt ;
0.1t < 10ms, Vg, =0V
Veqoy  Low-level of threshold voltage 0.76 0.77 V ] (16.7% xnx letay) St <mx leavy: @T max.
Vme High-level of threshold voltage 0.89 0.92 (> xlgayy), @ T, max.
i Low-level forward slope resistance 8.2 4.852 mg (‘l&T%xnxlFm,)-tl<anFW)),@TJmax.
o High-level forward slope resistance 6.8 3.867 (1> X lgav), @ T, max.
Ve Maximum forward voltage drop 1.1 1.1 V| T,=25°C, I\ =ravg (arm)
lnrw  Max. DC reverse current 5.0 5.0 WA | T,=25°C, perdiode at Vg,
Vins RMS isolation voltage base plate 2700 2700 v f=50Hz,t=1s
2 www.irf.com
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International GBPC.. Series
ISR Rectifier Bulletin 127505 rev. E 02/01
Thermal and Mechanical Specifications
Parameters I GBPC25 ! GBPC35 | Units| Conditions

T, Junction temperature range ! -55t0 150 C

T,m Storage temperature range -55to 150 *C

R, ,«Max. thermal resistance junct. to case 1.7 1.4 KW | Perleg

R, csMax. thermal resist,, case to heatsink 0.2 KW | Mounting surface , smooth, flat and greased

wt  Approximate weight 16 g

T  Mounting Torque + 10% 20 Nm | Bridge to heatsink

Ordering Information Table

Device Code

n - Circuit configuration:
Single phase bridge coding
2] Currentrating code: 25 = 25A(Avg)
35 = 35A(Avg)
ﬂ - Voltage Code: code x 100 = V.,
n - Diode bridgerectifier:
A = Standard Fasten Terminal
W, . = Wire Lead
Outline Table
GBPC..A GBPC..W
@ L0z sass
081 s 635

202
|
|
13
6 "X
N
\.p-
I8 34
7.5 2018

oy _r
=4
w |
e 0 n) -
28.5 -2 ~| 285 12
18.1 =85 g.1 s
5.3 =7
£
Mo
7| 2
nf * 8 i . 9
™ 2 BT
o =« i Riadigirn 0 @) (.-.| s
o S0 = o, LY
| s S = ¥
\_7 = s
S y b o
b g
16.6 *05 e % 122 s
N s
s n 11,4 85

All dimensions are in millimeters

www.irf.com 3

108



109

GBPC.. Series International
Bulletin 127505 rev.E 02/01 TSR Rectifier
o 150 S G s g 3 1000 T z
= N = ‘ = =i I
o 140 N GBIPC'25..! Selnesl < . 1
= - s
3 130 : ; = - /-
] 1 BaEE - A R e el e
g 120 Hi0) B B e B e —r'l' S O 100 ]
D i 'E >
= 110 N ——1 S
2 R 180 z A
8 100 N et & AL LT1,=25C
9 N 1] T i
5 9% Y § 10 /[ L Ty=150"C
: 8 180" —RY, = =
o g 8 I
< 70 (Sine) § 1 l‘
é 60 I " 2 _f._f__ | GBPC25. Series !
Yo AT | o O BRI A
= 0 6 10 M0 25 % 0.5 1 1.5 2 25
Average Forward Current(A) Instantaneous Forward Voltage (V)
Fig. 1 - Current Ratings Characteristics Fig. 2 - Forward Voltage Drop Characteristics
s 50 ,
2 | ! 13]0. ] 7, \\l qu’ I | |
3 40 i (Sine) ] \\\\“%,%
: ' {facn AL B NG
a 4 - -
B %0 ‘ ZaAE S o
: 2 ~Z RIS
5 \\ \r\
% e £ -é,n
-
2 $ GBPC25.. Series G M
10 - T, =150°C
£ AT S
& ”
g 0
0 5 TS U8, THQ .96 50 75 100
Average Forward Current (A) Maximum Allowable Ambient Temperature °C
Fig. 3 - Total Power Loss Characteristics
< 400 [ Any Rated Load Condiion And With T 400 R i Non Repetitive Surge Current|
'g Rated Vrrm Applied Following Surge 5 350 Versus Pulse Train Duration. |
£ 350 Initial T, = 150°C{ g N Initial T, = 150°C"
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International

TR Rectifier
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High Voltage BIMOSFET™

Monolithic Bipolar
MOS Transistor

N-Channel, Enhancement Mode

IXBH 40N140
IXBH 40N160

Symbol Conditions Maximum Ratings
40N140 | 40N160
Vo T, =25°C to 150°C 1400 1600 Vv
N T, =25°C t0 150°C; R, = 1 MQ 1400 1600 Vv
Vs Continuous +20 Vv
s Transient +80 \Y
ks T =29°@, 33 A
b T, =90°C 20 A
L T, =25°C, 1 ms 40 A
RBS0A)  Climphckaon s ebar? SIOREY S MR "D
P T, =25°C 350 w
T -85... ¥180 °C
LI 150 °C
T -55 ... +150 °C
T 1.6 mm (0.063 in) from case for 10 s 300 @
M, Mounting torque 1.15/10 Nmvib.in.
Weight 6 g
Symbol Conditions Characteristic Values
(T, = 25°C, unless otherwise specified)
min. | typ. | max.
BV, lc =1mA V=0V  40N140 1400 v
40N160 1600 Vv
Vo o =2mA V=V, 4 B Y
IR Ve =08V, T,= 25°C 400 pA
Vo =0V T, =125°C 3 mA
s Ve =0V, V, =120V +500 nA
Yo SERREE AURLaRE LAY BRI
T, = 125°C 78 V

IXYS reserves the right to change limits, test conditions and dimensions,

\'} = 1400/1600V

l,, =33A

CE(sat) —
fi

TO-247 AD

G= Gale,
E = Emitter,

C = Collector,
TAB = Collector

Features

* International standard package
JEDEC TO-247 AD
* HighVoltage BIMOSFET™
- replaces high voltage Darlingtons
and series connected MOSFETs
- lowereffective R
* Monolithic construction
- high blocking voltage capability
- very fast turn-off characteristics
* MOS Gate turn-on
- drive simplicity
* Intrinsic diode

Applications

» AC motor speed control

DC servo and robot drives

DC choppers

Uninterruptible power supplies (UPS)
Switched-mode and resonant-mode
power supplies

* CRT deflection

* Lampballasts

Advantages

* Easy to mount with 1 screw
(isolated mounting screw hole)

* Space savings

* High power density

© 2000 IXYS All rights reserved
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Symbol Conditions

Characteristic Values
(T,=25°C, unless otherwise specified)

min. | typ. | max.
Cu. 3300 pF
C‘_ V“==25V. Ve =0V, f=1MHz 220 pF
2% 30 pF
Q, I,=20A V, =600V, V, =15V 130 nC
ld(on) 200 ns
t, Inductive load, T, = 125°C 60 =
o = legw Ve = 15V, L = 100 pH,
et V. =960V, R, =220 b i
& 40 ns
N 0.35 KW
Rk 0.25 | Kw
Reverse Conduction Characteristic Values

(T, = 25°C, unless otherwise specified)

Symbol Conditions

min.

typ.

max.

Ve I =l Ve = O V, Pulse test,
t <300 ps, duty cycled <2 %

2.5

B 3 ¥

2k

Dim.

Millimeter
Min. Max.

Inches

Min.

Max.

9.81 20.32
0.80 21.46

0.780
0.819

0.800
0.845

15.75 16.26
355 365

0.610
0.140

0.640
0.144

432 549
54 6.2

0.170
0.212

0.216
0.244

1.66 213
- 45

0.085

0.084
0177

10 1.4
10.8 11.0

0.040
0.426

0.055
0.433

47 53
04 08

0.185
0.016

0.209
0.031

ZIZTT ([ ZS|TI|TmOO|m>»

1.5 2.49

0.087

0.102

© 2000 IXYS All rights reserved
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1114 4 , 1114 4 -4
(TL494) Pulse-Width-Modulation Control Circuits

September 1995 - revised October 1999

FEATURES Lo
+« Complete PWM Power Control Circuitry e AT el
» Uncommitted Outputs for 200 mA Sink or Source Current o) il EAnOn
e Output Control Selects Single-Ended or Push-Pull Operation INV mnn[: 2 15 an INPUT
+ Internal Circuitry Prohibits Double Pulse at Either Output B s K[ > e jmw
» Variable Dead-Time Provides Control over Total Range : .
» Internal Regulator Provides a Stable ool ] i
5-V Reference Supply, 5%

» Circuit Architecture Allows Easy Synchronization ol s 12

m[ e 1]
DESCRIPTION ool ] o[ ]ex
The TL494 incorporate on a single monolithic chip all the
functions required in the construction of a pulse-width- c |8 9[]e

modulation control circuit. Designed primarily for power supply
control, these devices offer the systems engineer the flexibility
to tailor the power supply control circuitry to his application.
The TL494 contains an error ampilifier, an on-chip adjustable oscillator, a dead-time control comparator,
pulse-steering control flip-flop, a 5-voit, 5% precision regulator, and output-control circuits. The error
amplifier exhibits a common-mode voltage range from -0.3 volts to Ve -2 volts. The dead-time control
comparator has a fixed offset that provides approximately 5% dead time when externally altered. The on-
chip oscillator may be bypassed by terminating Ry (pin 6) to the reference output and providing a sawtooth
input to Cr (pin 5), or it may be used to drive the common circuits in synchronous multiple-rail power
supplies. The uncommited output transistors provide either common-emitter or emitter-follower output
capability. Each device provides for push-pull or single-ended output operation, which may be selected
through the output-control function. The architecture of these devices prohibits the possibility of either
output being pulsed twice during push-pull operation.

Absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Rating Value Unit
Supply voltage, Vee 41 \"
Amplifier input voltage Vee+0.3
Collector output voltage 41
Collector output current 250 mA
Operating free-air temperature range 0to 70 *C
Storage temperature range -65 to 150
Lead temperature 1,6 mm from case for 10 seconds 260

Recommended operating conditions

Parameter Value Unit
MIN MAX

Supply voltage, Ve T 40 V'
Amplifier input voltage, Vi -0.3 Vee-2
Collector output voltage, Vg 3 i 40
Collector output current (each transistor) 200 mA
Current into feedback terminal 0.3
Timing capacitor, Ct 0.47 10000 nF
Timing resistor, Rt 1.8 500 kQ
Oscillator frequency 1 300 kHz
Operating free-air temperature, Ty 0 70 o]
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1114 4 , 1114 4 -4
(TL494) Pulse-Width-Modulation Control Circuits

September 1995 - revised October 1999

FUNCTIONAL BLOCK DIAGRAM
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TIME i} B
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3 ERROR AMPLIFIER
NONINVERTING i
INPUT |
INVERTING } L d-
BRIRARIE 5 o Vier
I- "ERROR AMPLI
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INPUT |
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Parameter measurement information

Vee T I8V
eooes NdA
2 06
AN - 1
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1114 4 , 1114 4 -4
(TL494) Pulse-Width-Modulation Control Circuits

September 1995 - revised October 1999
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(TL494) Pulse-Width-Modulation Control Circuits
September 1995 - revised October 1999
15V
| (EACH OUTPUT e .
:ClRCUfT) | OUTPUT Thi :*'_'E_“‘ tr
I ) _ I I s
a \ C, = 15pF 90% ! 90%
- ! . (Irlicludeps probe and *\ ; : /
¢ . jig capacitance) Y ot
T e \ ./
E : _i_ 10% XL._ % 10%
TEST CIRCUIT OUTPUT VOLTAGE WAVEFORM

FIGURE 3. COMMON-EMITTER CONFIGURATION

{(EACH OUTPUT |
I GIRCUIT) )

C,= 15pF
(Includes probe and
jig capacitance)

TEST CIRUIT

QUTPUT VOLTAGE WAVEFORM

FIGURE 4. EMITTER-FOLLOWER CONFIGURATION

Electrical characteristics over recommended o

f=10kHz (unless otherwise noted).

Reference section

perating free-air temperature range, Vec=15V,

Parameter Test conditions* Value Unit
MIN TYP** [MAX

Output voltage (Vo) lp= 1TmA 4.75 & 5.25 Vi
Input regulation Vgg = 7V to 40V 2 25 mV
Qutput regulation ln = 1mA to 10mA 1 15
Output voltage change with temperature ATs = MIN to MAX 0.2 1 %
Short-circuit output current*** Vet = 0 35 mA
Oscillator section (see Figure 1)

Parameter Test conditions * Value Unit

MIN |TYP** |MAX
Frequency Cy = 0.01 uF, Ry = 12kQ 10 kHz
Standard deviation of frequency **** All values of Vg, Ct, By, and Ta constant 10 %
Frequency change with voltage Voo = 7V to 40V, T4 = 25°C 0.1
Frequency change with temperature ***** Cr = 0.01 yF, Ry = 12kQ, 1
ATa = MIN to MAX

Electrical characteristics over recommended operating free-air temperature range, V=15V,
=10kHz (unless otherwise noted).
Amplifier section (see Figure 2)

Parameter Test conditions Value Unit

MIN TYP** MAX
Input offset voltage Vg (pin 3) = 2.5V 2 10 mV
Input offset current Vo (pin 3) = 2.5V 25 250 nA
Input bias current Vo (pin 3) = 2.5V 0.2 1 A
Common-mode input voltage range Voo = 7V to 40V -0.3 to Vee-2 vV
Open-loop voltage amplification AVgp = 3V, R = 2kQ, 70 95 dB
Vg = 0.5 to 3.5V

Unity-gain bandwidth Vg = 0.5 to 3.5V, R, = 2kQ 800 kHz
Common-mode rejection ratio AVg = 40V, Ty = 25°C 65 80 dB
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Output sink current (pin 3) Vip = -15mV to -5V, 0.3 0.7 mA
Viping) = 0.7 V

Output source current (pin 3) Vip = 15mV to 5V, -2 mA
aninﬂ) =35V

* For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
** All typical values except for parameter changes with temperature are at Ty = 25 °C

*** Duration of the short-circuit should not exceed one second.

**** Standard deviation Is a measure of the statistical distribution about the mean as derived from the formula

4 (-0 ]
|2V

n=l

/2

***** Temperature coefficient of timing capacitor and timing resistor not taken Into account

Output section

Parameter Test conditions Value Unit
MIN | TYP* | MAX
Collector off-state current Vee=40V, Vgo=40V 2 100 pA
Emitter off-state current : Vee=Ve=40V, Vg=0 -100
Collector-emitter saturation Common-emitter VE=0, 1c=200 mA ) N 1.3 |V
voltage Emitter-follower V=15V, [g=-200 mA 1.9 25
Qutput control input current V,=Vm, 35 mA

Dead-time control-section (see Figure 1)

Parameter Test conditions Value Unit
MIN |TYP* |[MAX
Input bias current (pin 4) 17§ V=0 to 5,25V -2 -10 [pA
Maximum duty cycle, each output Vi toin =0, C1=0.1uF, Rr=12kQ 45 %
Input threshold voltage (pin 4) Zero duty cycle 3 33 v
Maximum duty cycle 0

PWM comparator section (see Figure 1)

Parameter Test conditions Value Unit
MIN | TYP* | MAX
Input threshold voltage (pin 3) Zero duty cycle 4 4.5 Vv
Input sink current (pin 3) V ging) =07V ; 0.3 0.7 mA
Total device
Parameter Test conditions Value Unit
MIN | TYP* | MAX
Standby supply current Pin 6 at V., all other inputs and Vee=15V 6 10 mA
outputs open Voe=40V 9 15
Average supply current V) (oin 4y=2V, See Figure 1 7.5

Switching characteristics, Ty =25°C

Parameter Test conditions Value Unit
MIN | TYP* | MAX
Output voltage rise time Common-emitter configuration, 100 200 ns
Output voltage fall time See figure 3 25 100
Output voltage rise time Emitter-follower configuration. 100 200
[Output voltage fall time See Figure 4 40 100

*All typical values except for temperature coefficient are at Ta=25°C
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Pad Location TL494

'Nc| 111 10| 9] (8] |7
e | |

= 0

(2 S5 ———
i 1

oo 2 AR AP T wa
»
0_ T
Chip size 2.05x2.3 mm

Pad N Pad Name Coordinates

X (um) Y (um)
1 NONINV INPUT 1305 120
2 INV INPUT 1600 130
3 FEEDBACK 1800 130
4 DEAD-TIME CONTROL 1810 370
5 Cr 1795 975
6 Rt 1770 1240
7 GND s 1520 2135
8 £ 1405 2020
9 El ' 1055 2015
10 E2 805 2015
11 c2 B 460 2020
12 Vee 140 1410
13 OUTPUT CONTROL 140 1260
14 REF OUT 160 375
15 INV INPUT 250 195
16 NONINV INPUT 405 195
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I nfernu tionOI Data Sheet No. PD60017-O
TGR Rectifier IR2125(S)
CURRENT LIMITING SINGLE CHANNEL DRIVER

Features Product Summary
* Floating channel designed for bootstrap operation
Fully o;gmrational to +%00V VOFFSET 500V max.
Tolerant to negative transient voltage
dV/dtimmune lo+/- 1A/ 2A
* Gate drive supply range from 12 to 18V
» Undervoltage lockout Vout 12 - 18V
e Current detection and limiting loop to limit driven
power transistor current Vesth 230 mV
¢ Error lead indicates fault conditions and programs
shutdown time ton/off (typ.) 150 & 150 ns
e Qutput in phase with input
* 2.5V, 5V and 15V input logic compatible Packages

Description

The IR2125(S) is a high voltage, high speed power
MOSFET and IGBT driver with over-current limiting
protection circuitry. Proprietary HVIC and latch im-
mune CMOS technologies enable ruggedized mono-
lithic construction. Logic inputs are compatible with
standard CMOS or LSTTL outputs, down to 2.5V 16-Lead SOIC
logic. The output driver features a high pulse current 8-Lead PDIP (Wide Body)
buffer stage designed for minimum driver cross-
conduction. The protection circuitry detects over-current in the driven power transistor and limits the gate drive volt-
age. Cycle by cycle shutdown is programmed by an external capacitor which directly controls the time interval
between detection of the aver-current limiting conditions and latched shutdown. The floating channel can be used to
drive an N-channel power MOSFET or IGBT in the high or low side configuration which operates up to 500 volts.

Typical Connection

up o S00V
. [ 1
k -~
Ve © & Vee Vg = I Ea
T =
N O IN HO AN Kq,
ERR cs .
: o
LOAD

= RS
j COM Vg

i &

(Refer to Lead Assignments for correct pin configuration). This/These diagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1
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IR2125(S) International

ISR Rectifier

Absolute Maximum Ratings
Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur. All voltage param-
eters are absolute voitages referenced to COM. The Thermal Resistance and Power Dissipation ratings are measured
under board mounted and still air conditions.

Symbol Definition Min. Max. Units
VB High Side Floating Supply Voltage -0.3 525
Vg High Side Floating Offset Voltage Vg-25 Vg +03
VHo High Side Floating Output Voltage Vg -03 Vg+0.3
Vec Logic Supply Voltage -0.3 25 \
Vin Logic Input Voltage -03 Vee+0.3
VERR Error Signal Voltage 0.3 Ve +0.3
Ves Current Sense Voltage Vg-0.3 Vg+0.3
dVg/dt Allowable Offset Supply Voltage Transient - 50 Vins
Pp Package Power Dissipation @ Ta < +25°C (8 lead PDIP) — 1.0 W
(16 lead SOIC) - 1.25
Rthja Thermal Resistance, Junction to Ambient (8 lead PDIP) — 125 oW
(16lLead SOIC) — 100
Ty Junction Temperature - 150
Ts Storage Temperature -55 150 by 5
TL Lead Temperature (Soldering, 10 seconds) — 300

Recommended Operating Conditions

The Input/Output logic timing diagram is shown in Figure 1. For proper operation the device should be used within the
recommended conditions. The Vg offset rating is tested with all supplies biased at 15V differential.

Symbol Definition Min. Max. Units

Vg High Side Floating Supply Voltage Vg +12 Vg +18
Vs High Side Floating Offset Voltage Note 1 500

VHo High Side Floating Output Voltage Vs Ve

Vee Logic Supply Voltage 0 18 A
Vin Logic Input Voltage 0 Vee

VERR Error Signal Voltage 0 Vee

Ves Current Sense Signal Voltage : Vs Ve
Ta Ambient Temperature -40 125 'C

Note 1: Logic operational for Vs of -5 to +500V. Logic state held for Vg of -5V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).

2 www.irf.com



International IR2125(S)

TSR Rectifier

Dynamic Electrical Characteristics
Veias (Vcc, Vas) = 15V, Ci = 3300 pF and Ta = 25°C unless otherwise specified. The dynamic electrical characteristics
are measured using the test circuit shown in Figures 3 through 6.

Symbol Definition Figure |Min. Typ. Max. | Units [Test Conditions
ton Tum-On Propagation Delay 7 - 150 | 200 Vin=0&5V
P Vs = 0 to 600V
tost Turn-Off Propagation Delay 8 — | 150 [ 190
tey ERR Shutdown Propagation Delay 9 - 1.7 2.2 ps
te Tum-On Rise Time 10 — 43 60 s
t Tum-Off Fall Time 11 . 2% | 35
tes CS Shutdown Propagation Delay : 12 - 0.7 1.2 us
terr CS to ERR Pull-Up Propagation Delay 13 — 9.0 12 Cerr = 270 pF
Static Electrical Characteristics
Veias (Vcc. Vas) = 15V and Ta = 25°C unless otherwise specified. The Vi, VH and liny parameters are referenced to
COM. The Vg and Ig parameters are referenced to V.
Symbol Definition | Figure| Min. Typ. Max.| Units [Test Conditions|
Viny Logic *1” Input Voltage 14 22 ¥ = Q
ViL Logic 0" Input Voltage 15 — —_ 0.8
Vesths | CSInput Positive Going Threshold 16 150 230 | 320
Vesti- | €S Input Negative Going Threshold 17| 130 | 200 | 260 | v
Von High Level Output Voltage, Viias - Vo 18 - — 100 g = 0A
VoL Low Level Output Voltage, Vo 19 N | e Io = 0A
Ik Offset Supply Leakage Current 20 - — 50 Vg = Vs = 500V
lgss Quiescent Vs Supply Current 21 - 400 | 1000 Vin = Vs = OV or 5]
lace Quiescent Viee Supply Current 22 — 700 | 1200 Vin = Vg = 0V or 5V]
lins Logic “1" Input Bias Current 23 - 4.5 10 HA Vin = 5V
lin- Logic “0" Input Bias Current 24 - - 1.0 Viy = 0V
Ics+ “High” CS Bias Current 25 - 4.5 10 Ves = 3V
Ics. “Low” CS Bias Current 26 — —_ 1.0 Ves = 0V
Vesuvs Vas Supply Undervoltage Positive Going 27 85 92 10.0
Threshold
Vasuv- Vas Supply Undervoitage Negative Going 28 7.7 83 9.0
Threshold
Vecuvs | Ve Supply Undervoltage PositiveGoing | 20 | 83 | 89 | 96 1 Y
Threshold
Veeuv- Vee Supply Undervoltage Negative Going 30 73 8.0 8.7
Threshold
lerr ERR Timing Charge Current 3 65 100 130 Vin = 5V, Vgg = 3V
HA
ERR < VERR*
lerrs | ERR Pull-Up Current 32 8.0 T [ Vin = 5V, Vgs = 3V
mA ERR > Vegp+
leRR- ERR Pull-Down Current 33 16 30 — Vin = 0V
lo+ Output High Short Circuit Pulsed Current 34 1.0 1.6 — Vo =0V, Viy=5V
A PW<10ps
lo- Output Low Short Circuit Pulsed Current 35 20 33 —_ Vo =15V, Viy =0V
PW< 10 ps

www.irf.com S
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IR2125(S)

Functional Block Diagram

International
TSR Rectifier

LEVEL o PULSE
FILTER

==
< loeTecT ] [

Lead Definitions

Symbol Description

Vee Logic and gate drive supply

IN Logic input for gate driver output (HO), in phase with HO

ERR Serves multiple functions; status reporting, linear mode timing and cycle by cycle logic

shutdown
CcoMm Logic ground
Vg High side floating supply
HO High side gate drive output
Vs High side floating supply return
CS Current sense input to current sense comparator

Lead Assignments

0] vee "/ V8 |55

e ~ w[¥) =] 7]

3] IN HO [11]

£ » b 2 [2] ERR cs [i3]

[ err cs [6] [5] com Vs [i7]

1

] com vs | 5 Ce] 7]

] [ 0]

(] | 9]

8 Lead PDIP 16 Lead SOIC (Wide Body)
IR2125 Part Number IR2125S5
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International IR2125(S)

IOR Rectifier

Vo = 15V
5 Q HV=10 to 600V

10KF6
o EREML R T =1

o TwF 200

3 R = =;¥ uH '°mI e
cs I |_”_

E—D L oHO
=i { | 2
10KF5 T T
- ouTPUT

Ak

5 NONTOR n
| ” " I l | ”l J. RFE20
Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply Voltage Transient Test Circuit

50%
tsd
HO 90%

Figure 3. Switching Time Waveform Definitions Figure 4. ERR Shutdown Waveform Definitions
50%
CS
50%
cs terr
fes 50
HO 90%
ERR
gy e
dv 1.8V
dt=Cx—=C
lom 100 UA
Figure 5. CS Shutdown Waveform Definitions Figure 6. CS to ERR Waveform Definitions
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IR2125(S) International

IGR Rectifier
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Figure 7A. Turn-On Time vs. Temperature Figure 7B. Turn-On Time vs. Voltage
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Figure 8A. Turn-Off Time vs. Temperature Figure 8B. Turn-Off Time vs. Voltage
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% 200 I 200 1— e ——
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g 1.00 Z 1.00 1
- w
0.00 0.00
-50 -25 0 25 50 75 100 125 10 12 14 16 18 20
Temperature (*C) Vaus Supply Voltage (V)

Figure 9A. ERR to Output Shutdown vs. Temperature Figure 9B. ERR to Output Shutdown vs. Voltage
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oo IR2125(S)

> R e e
| i & S,
34 R S | J 1 |
4 s 3 e e
R e e e B E o —
! R g
40 o 40 —
5 5 —
20 20
0 | 0 — -
-50 25 0 25 50 75 00 . 125 10 12 " 16 18 20
Temperature (*C) Vius Supply Voltage (V)
Figure 10A. Turn-On Rise Time vs. Temperature Figure 10B. Turm-On Rise Time vs. Voltage
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2 v QIS —-—=F1"10 g ™ Yo —ft 9
Tm—- P——— o gy o, B
- 20 )
0 0-
-50 25 (. 25 50 75 100 128 10 12 14 16 18 20
Temperature (*C) Vaus Supply Voltage (V)
Figure 11A. Turn-Off Fall Time vs. Temperature Figure 11B. Tum-Off Fall Time vs. Voltage
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§ 0.40 g 0.40
0.00 0.00
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Temperature (*C) Vsus Supply Voltags (V)

Figure 12A. CS to Output Shutdown vs. Temperature Figure 12B. CS to Output Shutdown vs. Voltage
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IR2125(S)
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Figure 13A. CS to ERR Pull-Up vs. Temperature
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Figure 14A. Logic “1” Input Threshold vs.
Temperature
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Figure 15A. Logic “0" Input Threshold vs.
Temperature

International
ISR Rectifier
200 i
g 160 !
i | Poteeag
FRofe——t e - = s 2T
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I
B a0
0.0
10 12 14 16 18 20
Vaus Supply Voltage (V)

Figure 13B. CS to ERR Pull-Up vs. Voltage
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Figure 14B. Logic “1"” Input Threshold vs. Voltage
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Figure 15B. Logic “0” Input Threshold vs. Voltage
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International
TSR Rectifier
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Temperature (*C)
Figure 16A. CS Input Threshold (+) vs.
Temperature
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Figure 17A. CS Input Threshold (-) vs. Temperature
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Figure 18A. High Level Output vs. Temperature
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IR2125(S)
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Figure 16B. CS Input Threshold (+) vs. Voltage
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Figure 17B. CS Input Threshold (-) vs. Voltage
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Figure 19A. Low Level Output vs. Temperature
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10

131

International
TSR Rectifier
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Vas Floating Supply Voltage (V)

Figure 19B. Low Level Output vs. Voltage
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Figure 20B. Offset Supply Current vs. Voltage
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TR Rectifier
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Figure 22A. Vcc Supply Current vs. Temperature
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IR2125(S)
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ISR Rectifier
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International
IGR Rectifier
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ISR Rectifier
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Catalog 3; lron Powder Cores for RF Applications.

GENERAL MATERIAL PROPERTIES i
Material Reference Temp. Coef. Coef of Material Relative . Color
Mix No.  Permeability of Perm. Lin. Expan. Density Cost = Code
{Ho) (+ppm/°C) {=ppm/°C) (gfem)

-2 10 95 13 5.0 2.3 Red/Clear

-8 35 255 y2 6.5 4.0 Yellow/Red

-18 55 385 12 6.6 2.8 Green/Red

-26 S 825 10 7.0 1.2 Yellow/White

-28 22 415 11 6.0 Eid Gray/Green

33 33 635 11 6.3 1.6 Gray/Yellow

-40 60 950 10 6.9 1.0 Green/Yellow

-52 75 650 10 7.0 1.4 Green/Blue

i Note: For intormation on Mix No.’s 1, 3.4, 6, 7, 16 12,15, 17,42 and 0 see MICROMETAL S 5

CORE LOSS COMPARISON (mW/cm?) PERMEABILITY WITH DC BIAS
Material 60 Hz 1KHz 10KHz  50KHz 100KHz  500KHz Hpc = 50 Oersteds
Mix No. @5000G @1500GC @500G @225G @1'406 @50G Yo o Leffective

-2 = - - 29 23 15 100% 10.0
-8 150 70 47 41 31 14 91% 31.9
-18 168 80 % ) 43 36 26 74% 40.7
-26 42 56 65 90 88 124 S1% 38.3
-28 88 93 Lug 74 165 170 175 9% 20.0
-33 90 90 105 160 145 155 84%, 2T

| -40 39 49 78 112 115 155 62 37.2

i -52 52 62 59 62 54 63 59%: 44 .3

| 72 e e

MATERIAL APPLICATIONS

E Material (Mix No.)

' Typical Application ) 2 -8 A8 CHlhos -280 BB 40 52

: YP pp

: Light Dimmer Chokes X X

! 60 Hz Diiferential-mode EMI Line Chokes X X X

} LC Chokes: <50 KHz or low Fi/N X X X X

' DC Chokes: 250 KHz or higher E¥/N X X X X

j Power Factor Correction Chokes: < 50 KHz X X X X

| Power Factor Correction Chokes: > 50 KHz X X X X

i Resonant Inductors: 2 50 KHz X

-2 Material The low permeability of this material will
result in a lower operating AC flux density than with
other materials v ith no additional gap-loss.

-8 Material This material has low core loss and good
lincarity under high bias conditions. A good high
Irequency material. The highest cost material.

-18 Material This material has low core loss similar to
the -8 Material with higher permeability and a lower
cost. Good DC saturation characteristics.

=26 Material The most popular material, It is a cost-
effective general purpose material that is useful in a
wite vancty of power conversion and line filter
applications,

-28 Material The good linearity, low cost, and relatively
low permeability of this material make it popular in the
larger sizes for high power UPS chokes.

-33 Material An inexpensive alternate to the -8 Material
for applications where high frequency core loss is not
critical. Good linearity with high bias.

-40 Material The least expensive material. It has
charactenistics quite similar to the very popular -26
Material. Popular in the larger sizes.

-52 Material This material has lower core loss at high
frequency and the same permeability asthe -26 Material.
Itis very popular for new high frequency choke designs.
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TOROIDAL CORE:

-8
-18
-26
-28
-31
1

COLOR CODE
3

Red/Clear
Yellow/Red
Green/Red
Yellow/\White
CGray/Green
Crav/Yellow
CureendYellow

920 Cacen e

Refer to page 3 tor tolerances,

TYPICAL PARY NO).
P e
T406-26 -/
OD in 100th incl\os_r ; i

Micrometals Mix No.
Letter Indicates Alternate Height
Code Area For Other Charac teningicos

Note: Forintormation on Mix 1, 3,3, 6. 2, e te 1300
42, and 0 cee Micronerals Cataliyg 3 fae BT o

MAGNETIC DIMENSIONS

MICROMETALS Al oD 1D Ht ? A Vv
Part No. nH/N? in/mm in/mm in/mm cm cm’ cm'!

T225-28 255 20750/57 .2 1.405/35,7 1.00072%, i 1ig LY 3ot

T225-268B 160.0

T225-528 155.0

T250-18 127 .0 2.500/63.5 1.250/31.8 1.000/25 .4 15.0 384 57 .

1250-26 2420

T250-40 194.0

T1250-52 242.0

1300-2 T1.4 3.040/77.2 1.930/49.0 SO0/ e 1y.8 .63 A3

T300-8/90 37.0

T300-18 58.0

T300-26 80.0

T300-28 23.0

T300-33 34:5

T300-40 /1.0

T300-52 80.0

T300-2D 22.8 3.040/77.2 1.930/49.0 1.000/25 4 19.8 3.38 67.0

T300-26D 160.0

T300-28D 46.0

1300-33D ‘69.0

T300-40D 142.0

T400-2 18.0 4.000/102 22507592 650/16.5 5.0 346 B4

T400-8/90 60.0 j

T400-18 96.0

T400-26 131.0

T400-28 40.5

T400-33 55.0

T400-40 BAHL

T400-52 131.0

T400-2D 36.0 4.000/102 2. 2500572 1.300/33.0 250 665 ¥

T400-26D 262.0

T400-28D 81.0

T400-33D 110.0

T400-40D 230.0

T520-2 20.0 5.200/132 3.080/78.2 .800/20.3 i | 3.24 173

T1520-26 149.0

1520-28 45.0

1520-33 65.0

1520-40 119.0

T520-52 149.0

1520-28D 90.0 5.200/132 3.080/78.2 1.600/40 6 Sy 10.5 347

T520-40D 240.0 .

Q -



DT APPLICATIONS
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WINDING TABLE

*EUILL WIND_fNG" TABLE (45% TOROID 1D REMAINING)

WG) 28 | 26 A0 AMPERE TUKRNS TOTAL FOWER
Sy B LR AR _0‘1;3[_032‘5 Vs DISNMPATION AWATTS)
St m Grdl ok b i TEMP, KISt DUE vs.

“:;Cl 10 COFreR LOSS TOMP, RISE

cm? 10-C | 253°C | 40°C | 10°C ; 25°C | 40°C
80| 13 2= 1 1| | 10 | 17 | 23 |.013].038 | 067
igbe- e a2 2 ] 1 T | 12 | 21 | 29 |.018.055 | .097
IR AR EREEE S R AR iy | 9] 34 [ 45 | 030 089157
s7l 3 | Bl a]e | 4|of2fal ] By ,,‘?ﬂﬁ??,.J[.E?.-L"‘E,,ﬂl??B

Ha270| 46 (32 |20 113 [ 8 | 6 | 5| 4]3]2 LEEEREREE 27 | a7 162 | 044|133 233
3.77| 90 59 : a7 24 15 ! 12 9 5 6 ] i 4 3 2 2 1 42 72 96 |.060 | .180 | .316
443| 65 | 43 | 27 17 L 7 5| 4 S Tk 2 1 1 = 3 | 60 | 79 |.071 | .211 ]| 3N
523|112 ] 73 1 46 | 30 | 19 | 15 | 12 | g7 | 6 § Sf=a,| 3 | 2 | 2 | 50 | 87 | 110 | 083 ) .249 | 437
505 196 | 126 81 ' 52 | 33 | 26 | 21 | 7 | 13| 10 | 8 | 64 5 | 4 | 3 |73 |120] 160 | 109|326 574
756 85 | 56 | 35 § 23 | 14 | 0 46 | 7 | 6\ |3} 3] 21N 3 | e: 177 | 100 | 120|360 | 633
9.84| 241 | 158 ; 100 | 65 | 41 | 93 [ 26 | 21 | 16 | 19 10| 8 | 6 | 5 | & | 87 | 150|200 | 156 | 468 | 824
12| %9 |12 | 122 | 78 [R0r| w0 s Feat (A LG LTl 6 ) B\ Joo [ 170 {230 | 178 | 539 | 908
11a3) 166 | 110 69 | ag ge8 | 22 L 18 QCIQT 9 PS4 L 3 L 3 NA 130170 212 | 634 P11

3 155] 525 | 242 ! 218 | f41, B9 | 71 , 67 . 45 |'36 1 29 | 23 w6t 14 | \1 | @ 150 | 260 : 340 | .246 | .736 ' 1.30
22.4| 648 | 424 . 260 { 174 : 110 | 88 | 70 | 56 { 45 | 36 [ 28 : 22 . 18 ; 14 | 11| 170 i 300 400 356 1.07 ' 1.88

il 22.0] 672 | 440 . 279 ;180 | 114 o | 73| s8 4_5L3_7*_: 20 | 23 | 18 ! 14l 11 | 180 [ 320 420 ‘;:Eo_i‘_'of_i_l'_af‘_

0] 31.0| 696 | 455 : 289 | 187 | 118 | 95 | 75 {60 | 48 | .38 ; 30 [r2a |19 | 18 12 73({} 330 . 440 | .492 | 1.47 | 2.59
333 (1080 707 : 449 | 290 14! 147 f 117§ 93 | 75 | 6O 47 | 37 130 | 23 | 19 | 260 i 460 | 610 | 529 £1.58 279
4221303 | 853 ; 842 350 222 | M7 | 142 \ M3 0 1172 §o67 F 5] 86 | 28} 234 300 1 520 | 690 | .671 | 2.01 , 353
42| 877 | 574 | 065 i 236 ; 149 | 119 | 95 | 76 | 61 | 48 | 38 130 i 24 | 19 | 15 | 240 { 410 : 550 | 669 {200 ; 3.52
221050 687 [ 437 (282 (179 1 19 | 114 | 91 73 | S8 | 46 (36 | 29 3 23 [ 16 [[260,, 460 10 | 671 120 953
46,8 | 1659 | 1086 | 690 [ 446 | 283 | 226 | 180 ! 144 | 1S} 02 | 73| 57 | 46 ;' 36 | 20/ 360 1620, 620 | 744 {223, 392
5323530 11002 | 636 | 411 | 261 [ 208 | 168 | 132 | 106 | 85 § 67 | 53 : 42 | 3 { 27 | 350 i 600 | 800 | 846 | 2:53 | 445
632 | 1933 | 1266 | 805 | 520 : 329 | 263 | 210 | 168 | 134 | 107 "85 | 67 | 53 | 42 | 34 | 400 700 | 930 | 101|301 529
79.1 | 2453 | 1606 | 1021 | 65 | 418 | 334 | 267 | 213 | 170 | 136 | 108 | 85 | €8 | 54 | 43 | 480 ; 830 11110126 {376 ! 6.16
892 1933 | 1266 | 805 | 520 | 329 | 263 | 210 | 168 | 134 | 107 | 85 | 67 ; 53 | 42 | 34 | 420 | 730 ; 970 14214251747
9051 3348 {2192 [ 1393 | 933 | 571 | 456 | 365 | 290 | 232 | 186 | 148 | 116 | 93 | 74 | 59 | 610 ;1050 :1400 | 1.4514.33 { 7.61
171 17933 (1266 | 805 | 520 | 320 | 263 | 210 | 168 | 134 | 107 | 85 | 67 | 53 | 42 | 34 | 430 | 750 ;1000 | 1.76 | 5.28 | 9.28
100 | 4230 2770 | 1760 | 1137.] 721 | 577 | 461 | 367 | 294 | 235 | 186 | 147 : t17 | 93 | .74 | 720 | 1260 | 1670 | 1.74 | 5.21 4 9.16
~55 {3548 12192 [ 1393 | 900 {571 | 456 | 365 | 290 | 232 | 186 | 148 | 116 | 93 | 74 ] 59 |60 | 11201490 | 263 | 788 ; 139
173 | 7081 | 5227 | 3322 | 2146 | 1361 | 1089 | 870 | 693 | 554 | 443 | 352 | 278 | 221 | 176 | 140 | 1170|2030 | 2690 | 2.75 | 8.23 | 14.5
301 [10.8K! 7104 | 4515 | 2916 | 1850 | 1480 | 1182 | 942 | 754 | 602 | 479 | 378 | 301 | 240 | 191 | 1530 | 2650 | 3510 | 4.79 { 143 1 25.2
496 | 209K |13.3K | 8461 | 5465 | 3467 | 2773 | 2261 | 1765 1413 | 1129 | 898 | 708 | 564 | 450 | 358 | 2420 | 4180 | 5550 | 7.88 | 23.6 | 415

E CORES

91 7 45 29 18 15 12 9 7 6 4 3 | 3 20 41 72 96 |.081 | .242 | 426

i

239 | 157 | 99 64 40 | 32 24 20 16 13 10 74 |120 170 | .178 | 532 | 936
T
!

4
350 | 229 | 146 94 58 47 38 30 24 15 12 9 7 6 100 | 170 | 220 | .289 | .864 | 1.52
5§53 | 362 | 230 | 148 | 94 75 60 48 38 24 19 15 12 9 | 150 | 270 | 360 470, 1.41 | 248
594 | 389 | 247 | 159 | 101 | B1 64 51 41 20 16 13 10 | 150 | 270 | 360 | .547 | 1.64 | 2.88

818|188
&

658 | 430 | 273 | 176 | 112 | B9 71 57 45 29 22 18 14 1 160 | 280 | 370 | .579 | 1.73 | 3.05

802 | 525 | 334 | 215 | 136 | 109 | 87 69 55 44 35 28 22 17 14 | 190 | 340 | 450 | .717 | 215 | 3.77

739 | 483 | 307 | 198 126 | 100 | 80 64 51 41 32 25 20 16 13 | 190 | 320 | 430 | 809 | 2.42 | 4.26

1247 | 817 | 519 | 335 ! 212 | 170 | 136 | 108 | 86 69 55 43 34 27 22 | 270 | 470 | 620 | 1.06 | 3.18 | 5.58

1247 | 817 | 5194 335!212 170/ | 136 | 108 | 86 65 55 43 34 27 22 | 278 | 480 | 630 | 1.16 | 3.48 | 6.12

| 841 ; 551 | 350 | 226 , 143 | 1145 .91 | 73 58 46 37 29 23 18 | 14 | 210 | 370 i 500 | 1.07 | 3.21 | 5.64

11700 | 1766 | 71 | 478 [ 303 | 243 | 194 | 154 | 123 | 98 | 78 | 62 | 49 | 39 | 31 [ 270" 640 ; 850 | 181 | 5.40 | 9.50

113701 702 | 503 | 325 ' 206 | 165 | 132 | 105 | 84 | 67 | 53 | 42 | 33 | 26 | 21 | 280 490 | 650 | 1.55 | 4.65 | 6.17

3523 | 2307 | 1466 | 947 | 601 | 480 3341306 245 | 1951 §55 | 122 f 97 | I8 62 | 610 | 1060 | 1400 | 3.30 | 9.88 | 17.4

e T = ea Taon L aaa [ ane T oas T 1as | 156 | 1221 97 | 78 | 62 | 620 10701400359 | 108 | 189
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Dimensions (mm) General
Shape code
A B L D P F H | standard
EE12.6/13 12.60+0.50 | 6.40+0.10 | 3.55+0.15 | 3.55x0.15 | 890 | 4.65+0.15 | 1.70
EE13/13B 13.00£0.20 | 6.40+0.10 | 7.00£0.10 | 3.5520.15 | 890 | 4.65+0.15 | 1.90
EE16/14K 16.00+0.30 | 7.20+0.10 | 4.80+0.20 | 3.80£0.20 | 11.70 | 5.20+0.15 | 2.00 JIS
EE19/16K 19.10£0.30 | 7.95+0.15 | 5.00+0.20 | 4.55+0.15 | 1420 | 5.60+0.10 | 2.30 JIS
EE19/16Z 19.30+0.32 8.1010.15 4.76£0.13 | 4.76x0.08 | 14.10 | 5.72:+0.13 | 2.38
EE22/20 22.00£0.30 | 10.20+0.20 | 5.75+0.25 | 4.25+0.25 | 17.00 | 7.70+0.20 | 2.25
EE25/19A 25.80£0.40 | 9.65+0.13 | 6.35%0.20 | 6.48+0.13 | 18.80 | 6.73+0.25 | 3.30
EE25/19Z éS.40:1:0.38 9.53+0.25 | 6.35+0.25 | 6.35:0.13 | 18.70 | 6.38+0.17 | 3.18 JIS
EE25/20 25.00+£0.30 | 10.20+0.20 | 6.40+0.30 | 6.4020.30 | 18.20 | 6.65+0.15 | 3.25
EE30/26K 30.00£0.50 | 13.20+0.20 | 10.70+0.30 | 10.70+0.30 | 19.50 | 8.15:0.15 | 5.00 JIS
EE30/30 30.00+0.50 | 14.90£0.25 | 6.90+0.30 | 6.90+030 | 19.50 | 10.20+0.25 | 5.00
EE34/28A 34.60+0.45 | 14.20+0.20 9.27;0.25 9.27+0.25 | 2540 | 990+0.25 | 4.38
EE40/34K 40.00+0.60 | 16.80+0.40 | 11,70+0.40 | 11.70+0.40 | 26.80 | 10.70+0.25 | 6.35
EE40/34B 40.00£0.50 | 17.00£0.30 | 10.70+0.30 | 10.70+0.30 | 27.40 | 10.30+0.30 | 6.00 JIS
EE40/35A 40.80+0.55 !6.60:1:0.25 12.40+£0.30 | 12.50+0.30 | 28.60 | 10.70+0.28 | 5.85
EE40/44 40.10£0.60 | 22.30+.30 | 11.70£0.40 | 11.70+0.40 | 27.30 | 15.20:0.20 | 6.05
EE42/42-15W 42.20£0.90 | 21.00+0.20 | 15.00+0.30 | 12.00+0.30 | 29.50 | 15.20:0.40 | 6.03 JIS
EE42/42-20W 42.20+0.90 | 21.00+0.20 | 19.60+0.40 | 12.00+0.30 | 29.50 | 15.20+0.40 | 6.03 JIS
EE43/34 42.60+0.85 | 17.00+0.30 | 12.60+0.40 | 12.60£0.30 | 28.10 | 10.50+0.30 | 6.86
EE47/39A 47.20£0.60 | 19.60+0.30 | 15.50+0.40 | 15.70+0.35 | 31.80 | 12.40+0.35 | 7.44
EE50/42K 50.00+0.70 | 21.30+0.30 | 14.60+0.40 | 14.60+0.40 | 34.20 | 12.80:0.30 | 7.50 s
EE55/55A 55.20+1.10 | 37.50£0.30 | 20.70+0.30 | 17.00+0.30 | 37.50 | 18.90+0.40 | 8.52 s
EES6/47A 56.60+£0.65 | 23.60+0.30 | 18.70+0.45 | 18.80+0.25 | 38.10 | 14.80+0.35 | 9.02
EE80/76 80.00+1.00 | 38.10+.40 | 19.80+0.40 | 19.80+0.40 | 61.20 | 28.20+0.30 | 8.90
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EE CORES

Magnetic parameter Center leg | Minimum cross | Window
Shuiie i ¢ A, I v, aza secti;r::l' area ar:a ﬁ;:;c::
(mm") | (mm?) | (mm) | (mm*) |  (mm?) (mm?) (mm’) | (g/pair)
EE12.6/13 2.4057 12.4 29.7 367 12.6 12.1 L 263 1.90
EE13/13B 1.1934 25:11 | 300 752 249 23.8 B 26.6 3.70
EE16/14K 1.8662 189 | 352 663 18.2 18.2 C 42.6 3.20
EE19/16K 1.7168 231 39.6 915 22.8 22.8 C 557 4.58
EE19/16Z 1.7715 227|401 909 22.7 22.7 LBC 559 4.56
EE22/20 1.9594 26.1 382 1340 244 244 e 102 13.8
EE25/19A 1.2387 39.8 49.2 1960 41.1 371 B 85.6 9.96
EE25/19Z 1.1970 402 | 48.1 1940 403 40.0 B 81.0 10.3
EE25/20 1.1561 42.6 | 493 | 2100 41.0 41.0 C 80.5 10.3
EE30/26K 0.52756 110 7 SPN-6360 114 107 5 75.8 322
EE30/30 1.1538 57.3 66.1 3790 47.6 47.6 C 134 20.7
EE34/28A 0.85153 82.1 69.9 | 5750 859 19.7 B 164 293
EE40/34K 0.54389 142 775 | 11000 61, 137 (¢ 167 52.0
EE40/34B 0.60782 127 77.4 | 9860 114 114 C 178 52.0
EE40/35A 0.52569 149 78.1 | 11600 155 145 E 178 58.8
EE40/44 0.66917 145 97.2 1 14100 137 137 C 248 7.7
EE42/42-15W 0.54243 180 97.8 | 17600 180 180 BC 276 86.9
EEA42/42-20W 041512 236 97.8 | 23200 235 235 BC 276 118
EEA43/34 0.47780 165 78.7 | 13000 159 159 C 171 65.0
EE47/39A 0.38524 232 89.5 | 20800 243 223 B 206 106
EE50/42K 0.42677 226 96.3 | 21700 | 213 213 C 261 113
EE55/55A 0.34989 353 124 | 43700 352 352 C 400 218
EES56/47A 0.31597 339 107 | 36400 352 329 B 292 186
EE80/76 0.49137 377 185 | 69700 392 352 L 1480 354

Note: Minimum cross sectional area; B: Back area C: Center leg area L: Side leg area



Fir guten Kontaki
bei starken Impulsen

B Plostic film dielectric

0 elecirode corrier plostic
him metcliized on both sides

I meol foil slectrodes

Bei der Herstellung betriebssicherer, ausheilfahiger impulskonden-
satoren ist die Strombelastbarkeit der Kontaktierung, d. i. der
Ubergang zwischen AnschluB und Belag, ein wichtiges Konstruk-
tionskriterium.

B Fir extreme Impusbelastungen bis zu 18000 V/ps wurde die
Baureihe WIMA FKP 1 entwickelt. Sie ist mit einer infernen Rei-
henschaltung realisiert, wobei Belage aus Metallfolie mit einer
beidseitig metallisierten Blindlage kombiniert sind. Die Metall-
folienbelége sind an der Stimseite fischenhaft kontaktiert. Gleich-
zeitig ist der Kondensator durch die zweifach metallisierte Blind-
lage voll ausheilféhig. Der WIMA FKP 1 stellt in punkto Impuls-
belastbarkeit das High-End der Kondensatorentechnologie dar.

B Das Aufbauprinzip der Reihe WIMA MKP 10 besteht aus
einer nicht metallisierten Dielekirikumsfolie und einer doppelseitig
metallisierten Belagfolie als Elektrode. Durch Kurzschlub der
Metallisierung tber die Schoopschicht ist die Belagfolie dielek-
trisch nicht wirksam. Durch die beidseitige Metallisierung wird
die elekirische Leitfhigkeit verbessert und die Kontaktierungs-
flache verdoppelt. Die bessere Verbindung zwischen Elektroden-
belag und Schoopschicht erlaubt eine hohe Strom- bzw. Impuls-
belastbarkeit. Die Eigenschaften metallisierter Kondensatoren,
wie z. B. hervorragende Ausheilfahigkeit und hohe Volumenkapa-
zitit, bleiben erhalten.

143

For good contact

at high pulse ratings

An important construction criterion. in the manufacture of relicble,
self-healing capacitors for pulse applications is the current-
carrying capacity of the contacts, i. e. the connection between
the terminating wires and the electrodes.

M The WIMA FKP 1 series was developed for extremely high
pulse loads of up to 18000 V/psec. It has an internal series con-
nection, the metal foil electrodes being combined with a floating
electrode metallized on both sides. The metal foil electrodes are
safely contacted on both sides of the end surfaces. At the same
time the capacitor is fully self-healing due to the floating electro-
de metallized on both sides. As regards pulse loading capacity,
WIMA FKP 1 represents the high-end of copacitor technology.

B The construction principle of the series WIMA MKP 10 con-
sists of a non-metallized dielectric film and an electrode carrier
film metallized on both sides acting as electrode. By short-circui-
ting the metallization over the schoopage, the carrier film is in
fieldfree space and is not dielectrically active. Thanks to the
metallization on both sides, the electrical conductivity is consi-
derably improved and the contact surface between the electro-
des and the schoopage layer is doubled. This results in better
contact and allows for high current and pulse leading capacities.
The properties of metallized capacitors such as excellent self-
healing and high volume capacitance remain unchanged.

56
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WIMA FKP 1

Impulsfeste Polypropylen-
Kondensatoren

M Mit Metallfolienbeldgen und innerer Reihenschal-
tung fiir héchste Strombelastbarkeit. M Einsatzge-
biete: Ddmpfungs- und Kommutierungs-Kondensator
in Schaltznetzteilen, Umrichterschaltungen der An-
triebs- und Energietechnik sowie Ablenkschaltungen
der Fernseh- und Monitortechnik.

Technische Angaben

Dielektrikum: Polypropylen-folie.

Belége: Aluminiumfolie und doppelseitig metallisierte
Kunststoft-Folie.

Umbhiillung: Flammhemmendes Kunststoffgehause, UL 94 V-0,
Epoxidharzvergub. Farbe: Blau. Aufdruck: Schwarz.
Temperaturbereich: -55° C bis +100° C.

Prisfklasse: 55/100/56 nach IEC.

Isolationswerte bei +20° C.

C <0,1 yF: = 1105 MQ [Mittelwert: 5 - 105MQ)

C >0,1 pF: = 30000 s IMQ - Wk} IMittehwert: 100000 s)
MeBspannung: 100 V/1 min.

Verlustfaktoren bei +20° C. tan &

Polypropylene capacitors
for pulse applications

W With metal foil electrode, internally series-connec-
ted for very high current ratings. M Applications:
Damping and commutation capacitors in switch
mode power supplies, static frequency changes in
drive and power electronics, deflection systems in
monitors and TV-sets.

Technical Data

Dielectric: Polypropylene film.

Capacitor electrodes: Aluminium foil and double-sided
metallized plastic film.

Encapsulation: Flame-retardent plastic case, UL 94 V-0,
with epoxy resin seal. Colour: Blue. Marking: Black.
Temperature range: -55° C to 4100° C.

Test category: 55/100/56 in accordance with IEC.
Insulation resistance ot +20° C.

C <0, pF: > 1% 105MQ [mean value: 5 x 105 MQ)
C >0.1 pF: = 30000 sec IMQ x pFl (meon value: 100000 sec)
Measuring voltage: 100 V/1 min.

Dissipations factors at +20° C. tan &

Gemessen bei C <0, pf 0,1 pF < C < 022 pf at f C < 0.1 pF 0.1 yF <C <022 F
1 kHz < 3-104 <3-104 1 kHz £ 3x 104 < 3x 104
10 kHz < 4-]04 <6-10¢ 10 kHz < 4x 104 < 6x 104
100 kHz < 10 - 10+ - 100 kHz < 10x 104 -

Kapazitatstoleranzen: + 20%, + 10%, + 5%,
andere Toleranzen auf Anfrage.

Capacitance tolerances: + 20%, + 10%, + 5%
{closer tolerances are available subject to special enquiry.

Impulsbelastung: Maximum pulse rise time:
Hankensteilheit V/ps Capac- Pulse rise time V/psec
CWert s . .
F/uF max. Betrieb itance max. operation

P 400V~ | 630 V- [ 1000 V= 1250 V-] 1400 V~| 2000 V=] 4000 V-] 6000 V= pF/pF. | 400VDC | 430YDC | 1000 VC] 1250 VD] 1400 VD) 2000 VDC] 4000 VDC] 4000V}
0 .20 | - =3 = | 18000 | 18000 | - - 100- 520 - - = -] 18000 | 18000 | - -
30 .60 - - - - 15000 | 16000 | 16000 | 16000 30 .60 - - - - 15000 | 16000 | 16000 | 16000
1000 ... 2200 - - - 13200 | 11000 | 15000 | 15000 | 15000 1000 ... 2200 - - - 13200 | 1000 | 15000 | 15000 | 15000
3300 ... 4800 - 5500 | 10000 | M200 | 9000 | 13000.| 13000 | 13000 3300 ... 6800 5500 | 10000 [ 11200 | 9000 | 13000 | 13000 | 13000

001 ...0022| 2700 | 3300 | 5500 | 7700 4000 | 8500 | 85001 8500
0033...0068) 1500 [ 2200 | 4200 | 4900 | 3900 | S000| - -
01 .02 ] 1200 | 1500 | 2200 3100 350] - - =

001 ..002| 2700 | 3300 | 5500 | 7700 | 4000 | 8500 [ 8500 | 8500
0033...0068] 1900 | 2200 | 4200 | 4900 | 3900| 5000 - -

01 022 ] 100| 150 | 2200) 3100 00| - - =

Prifspannung: 2 Uy, 2s/6 kV: 1,6 Uy, 2 s.

Schwingen: 6 h bei 10...2000 Hz und 0,75 mm Auslenkung
bzw. 10 g nach IEC 60068-2-6.

Unterdruck: | kPa = 10 mbar nach IEC 60068-2-13.
StoBtest: 4000 StaBe mit 390 m/s2 nach IEC 60068-2-29.
Spannungsderating: Die zuldssige Spannung vermindert sich
gegeniber der Nennspannung bei Gleichspannungsbetrieb ab
+85° C, bei Wechselspannungsbetrieb ab +75° C um 1,35%
e 1K

Kurven siehe Seite 11.

Test voltage: 2 Ur, 2 sec/ 4000 VDC: 16 Ur, 2 sec.

Vibration: 6 hours at 10...2000 Hz and 0.75 mm displacement
amplitude or 10 g in accordance with IEC 60068-2-6.

Low air density: 1 kPa = 10 mbar in accordance with

IEC 60068-2-13.

Bump test: 4000 bumps at 390 m/sec? in accordance with

IEC 60068-2-29.

Voltage derating: A voltage derating factor of 1.35% per K
must be applied from +85° C for DC voltages and from

+75° C for AC voltages.

Graphs see poge 11.

87
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Werteiibersicht / General Data

| Kapazitat | 400 VDC/250 VAC* .| 630vDC/a00VACE - 1250 VDC/600 VAC*
| Copacitance| W | H |- L [PCM| W | H | L [RK W] H| L |PCM
1000 pF - T B -
1500, .10 s[5
2200, 5 In (18 |15
3300, S In |18 [15 |6 [125]18 |15
4700, SN (11 S 11T 1 T TR N T O T R
6800, 6 125 b8 105 Bi7 e as o [iso b8 s e s
5 |14 [265 |25
001 pE. 1.5 |0 118 |15 [ 7 114 (18 [150 | 8 |15 |18 |15* | 7 |165 | 265 | 225
5 |14 (265122546 |15 |[265 |25
0015, 6 (125118 |15 | 8 |15 8" [15* =6 | 158265 |25 | 85 | 185 | 265 | 225
6 115 |25 |25
0022, /|14 118 115 |7 (165|265 | 225 | 85| 185 [ 265|225 | 105 | 205 | 265 | 225
5 |14 |265| 225
0033, 8 |15 |18 15 | 851185 |265 1225 k105 (205|265 | 225 m |21 |315 275
6 |15 265 | 25° 9 {19 |315 [275°[+9. [19 | 415 |375°
0047, 7 1165 1265 |225 | 105|205 (265 | 225 KW |2k 13151275 |13 |24 |315 | 275
o 19.- -|131.5 | 27.5%} & T W %22 415|375
0068 , 851185 1265 1225 | - (21 }815/1 2754118 | 24 "1315.[ 275 | n |22 |415 | 375
9. |19 1415 [375 11 [ 22 | 415 |35
01 WF 1105205 1265 | 205|113 |24 1315 |275*) 13 |24 |415 37515 |26 |415 | 375
9 11935 (2754 |22 |415 [375
015, - Q21 13151225 {13 |24 (#5875 15 (26 |«15)a75 |7 |20 |415 375
022 , |1 |24 |3151275(15 |26 |415 87519 |32 |lmsfazstie 132 |45 (375

* Wechselspannungen: f < 1000 Hz; 1,4 - Uy ~+ U=< Uy,
* AC voltage: f < 1000 Hz; 114 x Ums + UDC < Ur

** PCM = Printed circuit module = Rastermaf _’I w l4— ,1-—-— L —b!

** PCM = Printed circuit module = lead spacing f
Die lonisationseinsatzgrenze kann im Einzelfall F i
unter der Wechselspannungsangabe liegen. J‘_ _l_
lonisation inception level in isolated cases may be |
lower than admissible rated'AC volfage 62 1=
- d RM/PCM
_’"“ am Drahtaustritt/
Zwischenwerte auf Anfrage » at the lead exit points
Other values available subject to special enquiry. (£ 0.4)
* Bei Bestellung bitte das gewiinschte Rastermaf® angeben, i : d=082fPCM 15...275
Wenn keine Angaben erfolgen, wird grundsatzlich das klsinere RM geliefert. d=102ifPCM 375

* On ordering please state the required PCM (lead spacing).
If not specified, smaller PCM will be booked.

Alle MaBe in mm. / Dims. in mm.

Gegurtete Ausfihrung siehe Seite 76,
Toped version see page 76.

Abweichungen und Konstruktionséinderungen vorbehalten.
Rights reserved to amend design data without prior notification,

Fortsetzung Seite 59./ Continuation page 59.

0102



Werteiibersicht / General Data

146

01-02

Kapazitat- | 1600 vDC/esovace . [ 2000 voc/zo0 vacs 4000 VDC/700 VAC®:
Capacitance | W | H | L |[PCM| W | H | L [PM| W | H | L [rciik | POM
100 pF 5 n 18 15 5 n 18 15
150, 5 1] 18 15 5 ] 18 15
220, 5 n 18 15 > n 18 15
330, 5 1 18 15 6 125 | 18 15
470, 5 1l 8 15 6 125 | 18 15 5 14 265|225 )| 5 14 | 265 | 225
680, 5 1 18 15 6 125 | 18 15 5 ¥ |255 | 25] 5 14 | 265 | 225
1000 pF 6 125 | 18 158 7 14 18 15* 5 4 1265 F 7S E R 14 1265 | 225
5 14 | 265 | 225*| 5 14 | 265 | 22.5* ’
1500, 7 14 18 15° 6 15 (26564225 | 7 | 165|265 |25 | 7 165 | 265 | 225
5 14 | 265 | 22.5*
2200, 8 15 18 15* 7 165 [ 265 | 225 | 85 1851265 [ 225 1105 [ 205 | 265 | 225
5 14 | 265 | 225*
3300, 6 15 | 26547225 | & 165 1265 | 22511051205 | 265 [ 225 | 105 | 205 265 | 225
4700 , 7 1651265 | 225 | -85 [185 [ 265 | 225 |11 2] 315 275 | 1 21 315 | 275
6800 , 8.5 | 185 | 265 (2251105 [ 205 | 265 [ 225 | 13 24 315|275 L1324 "B TS L27.5
001 wF (105 1205 1265 1225 fn 121 ta15 | 2754150 }e6 315 [ 275 his |26 [315 25
0015, |1 21 131571275 [13 124|315 | 275 |3, |24 |15 [375 |13 L] 24 415 1375
0022, 1] 21 151275 |15 (26 {35 (27517 |29 "fa4rs 75 117929 415|375
13 24 1415 | 3754 . Bei Bestellung bitte das gewdnschte Rastermaf angeben.
0033, 13 24 1315[275113 |24 (415|375 Wenn keine Angaben erfolgen, wird grundsétzlich
13 |24 415 | 375* das kleinere RM geliefert.
0047 , 13 24 415 4375017 129 415 1375.] « On ordering please state the required PCM llead spacing).
0068, |15 126 415375 I not specified, smaller PCM will be booked.
01 o B 29 415 | 375 Neve Bauformen. /New box sizes.
* Wechselspannungen: f < 1000 Hz; 14 - Ug~+ U- < Uy Alle MaBe in mm. / Dims. in mm.
* AC voltage: f < 1000 Hz; 1.4 x Ums + UDC < Ur
** PCM = Printed circuit module = Rastermaf/lead spacing
Die lonisationseinsatzgrenze kann im Einzelfall d=08®ifPCM 15,,.275
unter der Wechselspannungsangabe liegen. d=10¢2if PCM 375
lonisation inception level in isolated cases may be
lower than admissible rated AC voltage.
Gegurtete Ausfihrung siehe Seite 76,/ Taped version see page 76.
Abweichungen und Konstruktionsanderungen vorbeholten. ot the lead exit points
Rights reserved to amend design dota without prior notification. (+0.4)
Zulassige Wechselspannung in Abhangigkeit von der Frequenz bei 10° C Eigenerwaimmung [Richtwerte)-
Permissible AC voltage in relation to frequency at 10°C internal femperature rise Igeneral guide):
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WIMA MKP 10

Impulsfeste Polypropylen-
Kondensatoren

M Fir Anwendungen in Schaltnetzteilen, in der
Beleuchtungs-, Fernseh- und Monitortechnik sowie
fir Lautsprecherweichen. M Impulsfester und aus-
heilfahiger Aufbau mit doppelseitig metallisierter
Belagfolie (siehe Seite 63).

Technische Angaben

Dielektrikum: Polypropylen-folie.

Belége: Doppelseitig metallisierte Kunststoff-Folie.
Umhiillung: Flommhemmendes Kunststoffgehéuse, UL 94 V-0,
Epoxidharzvergul. Farbe: Rot. Aufdruck: Schwarz.
Temperaturbereich: -55° C bis +100° C.

Prifklasse: 55/100/56 nach IEC.

Isolationswerte bei +20° C:

C <033 pF: = 1105 MQ (Mittelwert: 5+ 105 MQ)

C >0,33 pF: > 30000 sIMQ - pFl (Mittelwert: 100000 s
MebBsponnung: 100 V/1 min.

Verlustfaktoren bei +20° C. fan &

147

Polypropylene capacitors
for pulse applications

M For applications in switch mode power supplies,
frequency dividing in loudspeakers, in lighting,
monitors and TV-sets. M Self-healing pulse duty
construction with electrodes of double-sided metal-
lized carrier film (see page 63).

Technical Data

Dielectric: Polypropylene film.

Capacitor electrodes: Double-sided metallized plastic film.
Encapsulation: Flome-retardent plastic case, UL 94 V-0,
with epoxy resin-seal. Colour: Red. Marking: Black.
Temperature range: -55° C fo +100° C.

Test category: 55/100/56 in accordance with |EC.
Insulation resistance at +20° C:

C <033 pf: = 1x 105 MQ (mean value: 5% 105 MQ)

€ >0.33 pF: > 30000 sec IMQ x pFl [mean value: 100000 sec)
Measuring voltage: 100 V/1 min.

Dissipations factors at +20° C: tan &

Gemessen beil C < 0,1 pF | 0,1 uf <C < 1,0 pf | ©> 10 4F | atf  |C<0.)pF| 0.1 gF<C<10pF|C>10pF
1 kHz < 3-104 <3-104 £3-104 TkHz |< 3x104 <3 x 104 <3x 104
10kHz | < 4-104 <6-104 - 10kHz |[< 4x 104 <6x 104 -

100kHz | <15-104 = - 100kHz | < 15% 104 - -

Kapazitdtstoleranzen: + 20%, + 10%, + 5%. Capacitance tolerances: + 209%, + 10%, + 5%.

Impulsbelastung: Maximum pulse rise time:

Flankensteilheit V/ ps Pulse rise time V/psec
C-Wert max. Betrieb Capacitance max. operation
pF/F 1600 V- pF/ 1F 1600 VDG
160 V= | 250 V- | 400 V- | 630 V=1 1000 V={2000 V- 180 VOC | 250 VDC | 400 VDC | 630 VDC {1000 VDC[2000 VDC

1000 ... 2200 - - - 1000 1800 | 3000 1000 ... 2200 - - - 1000 1800 | 3000

3300 ...6800 | - S 600 | 950 | 1300 | 1500 3300 ... 6800 | - £ 400 | 950 | 1300 | 1500

001 ...0022 - 400 420 950 950 1000 001 ...0022 - 400 420 950 950 1000

0,033...0068| 200 150 200 600 700 700 0033...0068| 200 150 200 600 700 700

o1 ..022 1o 130 130 350 430 430 1 02 110 130 130 350 430 430

033 ...068 70 85 100 250 300 300 033 ...088 70 85 100 250 300 300

R 55 65 75 150 200 250 KOl @922 55 65 75 150 200 250

33 ...47 40 65 75 150 - - 33 4k 40 65 75 150 - -

68 ...10 30 35 - - - - 68 .10 30 35 - - - -

Prifspannung: 1,6 Uy, 2 s.

Schwingen: & h bei 10...2000 Hz und 0,75 mm Auslenkung
bzw. 10 g nach IEC 60068-2-6.

Unterdruck: | kPa = 10 mbar nach IEC 60068-2-13.
StoBtest: 4000 Stébe mit 390 m/s2 nach |EC 60068-2-29,
Spannungsderating: Die zulassige Spannung vermindert sich
gegeniber der Nennspannung bei Gleichspannungsbetrieb ab
+85° C, bei Wechselspannungsbetrieb ab +75° C um 1,35%
e 1K

Kurven siehe Seite 7.

Test voltage: 1.6 Ur, 2 sec.

Vibration: 6 hours at 10...2000 Hz and 0.75 mm displacement
omplitude or 10 g in accordance with IEC 60068-2-6.

Low air density: 1 kPo = 10 mbar in accordance with

IEC 60068-2-13. .

Bump test: 4000 bumps at 390 m/sec? in accordance with

IEC 60068-2-29.

Voltage derating: A voltage derating factor of 1.35% per K
must be applied from +85° C for DC voltages and from

+75° C for AC voltages.

Graphs see page 7.
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‘'WIMA MKP 10

Werteiibersicht/ General Data

mﬂfdwwmdoom@uf S50 VD180 VA TR

Capacitance | ‘'W. | H » PCM | W
1000pF | |
1500, 45 o

A

é 4‘
4
4 {9 |13 4

4 | 95|13 5

S a38s =

6 1257 1347107 5

6 | 125 |18 6

7 |4 18 7%

B /il 1a¢ 418 84

7 | 965 265 Ve |

85 |'185 | 26522 85
10 ¢F 105 |19 | 265125 | n
15 L g f e 38 | 845 13
29 518 B4 | vt ed 15
33 o | i 1815 175 17
47 17 |29 | 41513725119
68 . |20 |395 | 415437520

10 o |24 |ass|a51a75

* Wechselspannungeni: | < 1000 Hz 44 - Uyg ~ + U= < Uy
* AC voltage: f < 1000-Hz; 1.4 x:Ums + UDC < Ur

** Zulassige Nennvsedisé{lspcnnuﬁg max. 280 V~
** Admissible AC voltage 280 VAC max.

** PCM = Printed cireuit module = Rastermaf
** PCM = Printed circuit module = lead spacing

Alle Mafbe in mm.

Dims. in mm.
am Drahtaustritt/

at the lead exit points
Die lonisationseinsatzgrenze kann im Einzelfall : T . (+04) e

unter der Wechselspannungsangabe liegen. g 5 i
lonisation inception level in isolated cases may be od|l rem | w
lower than admissible rated AC voltage
07 T4
07 10
Die Kondensaforen der Reihe mit 400 V~ sind in Serienschaltung ausgefOhit. 08| 15-225
The capacitors of the 400 VAC range are series-connected. 08| 275 |=<15
1.0 275 >15
10 375

Gegurtete Ausfihrung siehe Seite 76.
Taped version see page 76.

Abweichungen und Konstruktionsénderungen vorbehalten.
Rights reserved to amend design data without prior nofificotion.

Fortsetzung Seite 62./ Continuation page 62.

61
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WIMA MKP 10

149

’Kapazﬂbhhl u_aaoooméoov»c- aléOOVDCJé&)VPC Mw«w] me‘mﬁns
Capacitance W w PCM | =W, ; POV‘I
1000pF | 4 9 13 10 4 9 13 40, ] i e B
4500, 2l o A 50 13 10 4 9 4233 5 o Sl 13
2200, 4 9 13 10 ) 9 13554 40 8

3300, W 9 13 10 4 0.5 3 3 sl Ao e

4700, 4 4951743 10 5 n 13 10

6800, | 5 1] 98 10 6 125 { 13 10
..001 pF # 0 s |O J Tl St g 1G5 ) IR e TR (S

0015, 4 .5 1 18 15 é 125 | 18 15

0022, 6 125 | 18 15 7 14 18 15

0033, 7 14 18 15 7 165 265 | 225

0047, 8 15 18 15 85 185 |'"265.| 25

0,068 , 7 165 | 265 J#225¢1 105 | 19 265 | 25,

01 yF | 85 | 185 | 285# 225 |21 /| /265 } 205

0.5 , il AR o ores B IS g K N TN P K s/

022 . n AW G T I P B N NS/LIR P A

083, 15 98| B1sudiozs. I a7 345 | =315 Bo7si

047 , 17 29 31511 275 §ToR. A~ 32 I SLE RINBZE

048 , 17 2 HTS 4~ 375 4800 395 '{* 415 | 375

10 uf | 20 805 L-41'% H+ 875, | 224 455 | “415. Y, 875

5, 24 455 | 415549875

U,

un<‘i

* Wechselspannungen: f 1000 Hz 14 - Uy~ +U- < Uy

* AC voltage: f < 1000 Hz; 1.4 x Urms + UDC < Ur
** PCM = Printed circuit module = Rastermal
*PCM= Prlmed circuit module = |eqd spacmg

AlleMcfSeinmm IDsms i M.

Die bnisainnsemmizgrenze kann im Eanzelfcll
unter der Wechselspannungsangabe liegen.

lonisation inception level in‘isolated cases may be
lower than admissible rated AC voliage -

Die Kondensatoren der Reihé mif 600 V—v,ré;SO V~ und 700V~ sind in Serienschaltung ausgefGhrt.
The capacitors of the 600 VAC, 650 VAC and 700 VAC ranges are series-connected,

Gegurtete Ausfihrung siche Seite 76.
Taped version see page 76.
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at |be lead exit points_
(£04]

Abweichungen und Konstruktionsanderungen vorbehalten,
Rights reserved fo omend design data without prior notificotion.

Zulassige Wechselspannung in Abhéngigkeit von der Frequenz bei 10° C Eigenerwérmung (Richtwerte:
Permissible AC voltage in relation to frequency at 10° C internal temperature. rise Igeneral guidel:
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Konstruktionsarten
betriebssicherer und ausheil-
fahiger Impulskondensatoren

150

Types of construction

of operationally safe self-
healing pulse capacitors

Kunststofffolien-Dielektrikum
Plastic film dielectric

Doppelseitig metallisierter Belagtréiger aus Kunststofffolie
Electrode carrier plastic film metallized on both sides

Metallfolien-Beltige

Aluminium foil electrodes
Kontaktschicht (Schoopmetall)
Metal contact layer (schoopage)

AnschluBdraht

Terminating wire

*

Kunststofffolien-Dielektrikum
Plastic film dielectric

Doppelseitig metallisierter Belagtrager aus Kunststofffolie
Electrode carrier plastic film metallized on both sides

Kontaktschicht (Schoopmetall)
Metal contact layer (scheopage)

AnschluBdraht

Terminating wire

*MKP 10: 100 VAC, 180/'VAC, 250 VAC

*
MKP 10 Snubber MKP

Doppelseitig metallisietter Belagtriger aus Kunststofffolie
Elecirode carrier plastic film metallized on both sides

Kunststofffolien-Dielektrikum
Plastic film dielectric

Einseitig metallisiertes Kunststofffolien-Dielektrikum
Plastic film dielectric mefallized on one side
Kontaktschicht (Schoopmetall)

Metal contact layer (schoopage)

AnschluBdraht
Terminating wire

*MKP 10: 400 VAC, 600 VAC, 650 VAC, 700 VAC

Snubber FKP

Metallfolien-Belége

Metal foil electrodes

Kunststofffolien-Dielekirikum

Plastic film dielectric

Einseitig metallisiertes Kunststofffolien-Dielektrikum
Plastic film dielectric metallized on one side
Kontaktschicht {Schoopmetall)

Metal contact layer (schoopage)

AnschiuBlasche
Terminating tab

63
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A Class E ZVS Resonant Inverter for Induction Cooking
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Abstract

This paper presents a practical circuit design of a Class E zero-
voltage switching (ZVS) resonant inverter for induction cooking
application, based on the concept of the full magnetic flux linkage
around the vessel which produces eddy current for rapidly heating. The
use of Class E ZVS resonant circuit is a reduction in switching losses
and number of switching devices. A power MOSFET is a switching
device, operating at frequency of 100 kHz. The energy is delivered
through an impedance matching transformer. A parallel resonant circuit
is designed for load circuit, causing tolerance of increased current when
the condition of load is changed. The induction load coil is wound
around a 6 inches diameter stainless steel vessel. The output power of a
prototype is approximately 900 watts, and it can boil 1 liter of water
within 6 minutes.  The efficiency is approximately 80%. In addition,
the voltage and the current waveforms are in good agreement with

theoretical ones.
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USING SCR

o d -
oy danl 9 llv@R* uas A3ug sInAilind

undatie
unanwihiumie mdinseiBunesineddmiuniesinmdsuwumiloni lnolfeagers 38u-
fidhonssseynaus Tasuuudeiad Tnoordordihuadiad aand 3.5 Aladsnd nsnouiiuamiens-
saouiinanlaoTnan Tasszeznamsngabnszunveaeaderiithy 347 Wlashndl Widwwiisu
s Aladad diosutnudhundnnoumiven 0.45% dmuasihmsanszusnnavduduringuinan 42
s wenaInil HavInn s iaT i daumn M 1Ananeandesfunanisduyian uaznan1imaasasia

Abstract
Analysis of inverter for a SCR induction heater is presented. The inverter of the induction heater is implemented
a half-bridgle series resonant converter based on SCR as switching devices, Its frequency is 3.5 kHz. In this
the commutation of the SCR is done by load and turn off time of SCR is 34.7 uS- The power transferred to the
35 kW, In the performance test of this system, the annealing process has been conducted on the carbon 0.45%,
indrical, steel bar with the diameter of 42 millimeters. In addition, the equations of analysis derived from the

1 modes are verified with the simulation results in order to compare with the experimental results.
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A Class E ZVS Resonant Inverter for Induction Cooking

A. Jangwanitlert, V. Kinnares, T. Warit, and Y. Rattiya
Electrical Engineering Department, Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang

Bangkok, Thailand 10520
Tel. +662 3269902, Fax. +662 3269902
E-mail : kjanuwat@kmitl.ac.th

Abstract

This paper presents a practical circuit design of a Class E
zero-voltage switching (ZVS) resonant. inverter for an
induction cooking application, based on the concept of the full
magnetic flux linkage around the vessel which produces eddy
current for rapidly heating. The use of Class E ZVS resonant
circuit is a reduction in number of switching devices and
switching losses. A power MOSFET is used as a switching
device, operating at switching frequency of 100 kHz. The
energy is delivered through an impedance matching
transformer. A parallel resonant circuit is designed for load
circuit, causing tolerance of increased current when the
condition of load is changed. The output power of a prototype
is approximately 900 watts, and it can boil 1 liter of water
within 6 minutes. The efficiency is approximately 80%. In
addition, the experimental results are in good agreement with
theoretical ones.

Key words : Class E Inverter, Induction cooking , Zero-
Voltage Switching:(ZVS)

1 Introduction

In recent years, high frequency power has associated
with industrial electric process heating applications.
Induction cooking is one of many applications for
induction heating using high frequency resonant
inverters. The principle of induction heating is based on
producing high frequency ac source applied to induction
coil, which wound around the magnetic vessel resulting
in the magnetic flux. There will be the change of this
magnetic flux depending on the frequency of electrical
system. This produces induced voltage in the vessel. As
a result, induced current will circulate in the vessel and
heat losses in the vessel will occur. The advantages of
induction heating include no smoke, no flame, and no
pollution while cooking, therefore the users are not in
danger.

2 A Class E ZVS Resonant Inverter

The “Class E” amplifier was developed by Sokal [1]
in the mid 1970s for use in lightweight, low power, high
efficiency power converters and RF amplifiers. There are
two types of Class E dc-ac inverters: namely Class E
zero-current  switching (ZCS) resonant inverter, and
Class E zero-voltage switching (ZVS) resonant inverter.
In here, the latter is paid attention. Class E ZVS resonant
inverters are most efficient inverters known so far. The
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current and voltage waveforms of the switch are
displaced with respect to time.to produce a very high
efficiency of the inverter. In particular, the switch turns
on at zero voltage if the component values of the
resonant circuit are properly chosen. Since the switch
current and voltage waveforms do not overlap during the
switching time intervals, switching losses are virtually
zero, yielding high efficiency.

The basic circuit of the Class E ZVS resonant inverter
[2]-[4] is shown in Fig.1. It consists of the following
items.

Ly

TN Y Y

oFT

a, 8- 1=

Fig. 1 The basic circuit of Class E ZVS
resonant inverter

e A power MOSFET operating as a switch

* A choke inductor (L,) is assumed to be high enough so
that the ac ripple on the dc supply current (Ipc) can be
neglected.

* A shunt capacitor (Cy) is the sum of the choke parasitic
capacitance, the power MOSFET output capacitance,
wiring capacitance and stray capacitance.

* A series resonant circuit consists of R,, which may be
the actual load, or may be the input-port resistance of a
low-pass or band-pass filter inserted between the C,-L,
branch and the load to suppress harmonics of the
switching frequency, and Reactance of Load (C,-L,).

3 Reflected Impedance

The parameter must be satisfied to achieve optimum
operation. Therefore, optimum operation can be
achieved only at an optimum load resistance (Rop). But
the load coil impedance is not equal to optimum
resistance, so an impedance matching transformer is
necessary for matching circuits that provide the series
equivalent resistance for optimum operation.
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Fig. 2 The equivalent circuit of transformer

From Fig. 2, V, is an alternating voltage source and Z; is
an impedance load connecting on the secondary of
transformer. By applying KVL, the circuit equations are
Vi=s.L,I, -s.M.I, Q)
0 =-sMI +(Zy+sLy )15 )

From (1), (2) the equivalent impedance at the primary of
transformer is

3

The parallel resonant circuit Rp,Lp,Cp in Fig. 3 is given
by

s.Lp.Rp

22 T 2 (4)
s LR, C,+sL, +R,
Substituting equation (4) in equation (3) yields
+L 1
Z,=sL,+a"R, +[L” £ ][—ﬂ] o)
L, Lo
Where
2
L N
e={_L| =4’ (6)
L, |N,
and
M= L..L, (7
Lg Ly
\‘q M gﬂt—‘ M (d—ﬁi! = Cp Lp b3 Rp
Fig. 3 The parallel resonant circuit connected
at the secondary of transformer
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Fig. 4 The parallel resonant circuit connected with the
Class E inverter at the secondary of transformer
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Fig. 5 The equivalent circuit transferred to the primary

By transferring the circuit load from the secondary in
Fig. 4 to the primary, the resultant equivalent as shown
in Fig. 5 is similar form of the typical circuit of Class E
ZVS resonant inverter; where

il

a’

o

Summation of capacitance (C,, C;) and inductance (L,,
L,) in the formation of the basic circuit of Class E ZVS
resonant inverter is shown in Fig.1

Ly
Ly+L,

®)

4 Induction Coil Design

Equivalent circuit of induction coil in electric circuit
comprises resistor and inductor, as shown in Fig. 6 [5]-

(7]

X=X X 4K, 9)
R,=R.+R, , (10)
where,
X, : Coil resistance = k(k,dc§c /2) Q
X g : Gap resistance = kx (df -d? )/4 Q
X, : Workpiece resistance = k(u,qdizrﬂ) Q

Fig. 6 The coil parameters
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R, : Coil resistance = k[k,dc@./z) Q
R, : Workpiece resistance = k(y, pdf,zr/4) Q

k i 2afuoN2 i, Qfm?
2

P 123+(d./5.) ; (d,/5,)>8
- 2 . =
q .(dw/aw) ,(dw/JW) 8

, * Coil correction factor = 1.15

k
d,, :Diameter of workpiece
&, : Skin depth of workpiece
&, : Skin depth of coil

<

Coil parameters, R, and X, are calculated at frequency of
100 kHz, which are 14.2 Q, and 4.317 Q, respectively.
In order to get resistance R, and reactance X}, we can
design referring to Core Geometry (kg) approach [8].
The results are Litz wire SWG#28, 105 lines, 7 meters
length each. Induction coil is wound using twisted Litz
wire. In transformer part, primary and secondary
windings use the same Litz wire. 127 lines and 105 lines
of Litz wire #28 are twisted as windings for primary and
secondary, respectively. The primary and secondary
turns are 19 and 23, respectively. To reflect suitable
impedance value, we can measure by the impedance
analyzer. The results of parameters of transformer is
shown in Fig. 7.

5 Control Circuit

Pulse generator is derived from load current feedback
as self-oscillation. The good idea of circuit is easy and
this circuit can protect the external noise better than
other circuits. Gate drive of power MOSFET in Class E
circuit comes from load current, that is sinusoidal
waveform, which feeds inte duty pulse transformer.
Duty pulse transformer is given by load current feedback
from transformer T,. Primary’s polarity is the same as
secondary’s polarity so as to drive a power MOSFET.
We define turns of primary and turns of secondary to be
equal.

V=140V
1pc=BA l
L=T45uH
C=37nF LB4pH
f=100kHz e )
== (4 P P
i 0.360F 1687y 14,20

Ly=315pH L =462yH

Fig. 7 The proposed circuit
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Signal generator from load current feedback is
transferred to a ferrite toroid core. The frequency of
conduction current equals to the frequency of load
current. The frequency is 100 kHz. A Gate drive of a
power MOSFET in Class E circuit works as zero-voltage
switching and resonant technique, and is derived from
saturation of the toroid core.

6 Simulation and Experimental
Results

As shown in Fig. 7, dc voltage source of the Class E
inverter is 140 V, 8 A, operating frequency of 100 kHz,
50% duty cycle. This prototype can produce 900 watts
output power, and can boil 1 liter of water within 6
minutes. The efficiency is approximately 80%.

The design target is a reduction in number of
switching devices and in switching losses. Zero-voltage
switching is an operation, which can reduce this loss.
Fig. 8 is the simulated waveforms of the power
MOSFET drain-source voltage waveform (vg) and drain
current waveform (ig) from the computer program, which
evidently shows the zero-voltage switching as mentioned
earlier.

The experimental waveforms using the designed
parameter from Fig. 7 is shown in Fig. 9. These are
almost in good agreement with the simulated results as
shown in Fig.8.

21%us 225us 230us 235us
o Td(H1)®20 » V(Ml:d)

Fig. 8 The simulated waveforms of ZVS

Fig. 9 The experimental waveforms of vy, and iy
Vgs : 200V/div, iy : 10 A/div, t : 2 psec/div
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Fig. 10 The equivalent resistance seen from
the primary side of transformer

From designing of basic circuit to obtain the optimum

operation, it requires adjustments of resistance of

induction coil to approach the optimum resistance (Rop)

using impedance matching transformer and power factor

correction by capacitor C, as shown in Fig. 10.
Since the circuit load is the induction coil, it is
considered in the form of resistance paralleled with

inductance, therefore induction coil waveform of voltage
" (Vioaa) leads the waveform of current (ijeq) s shown in

Fig. 11 and Fig. 12.

-04

H
H
B e e e T L h
263us 265us 270us 275us 280us
o V(R6:1) » I(R6)"2

Fig. 11 The simulated waveforms of Va4 and a4

Fig. 12 The experimental waveforms of vj,g and iload
Viead . SOV/div, ig : 30 A/div, t : 2 psec/div
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7 Conclusion

A Class E ZVS resonant inverter for an induction
cooking application has been presented which is suitable
for use in electric heating applications. The designed
parameters are derived and calculated. The waveform
results have proved effectively for suitable parameters. It
can reduce the switching losses and the number of
switching devices. The prototype has output power of
900 watts, and efficiency about 80%. The experimental
voltage and current waveforms are in good agreement
with theoretical ones
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Abstract

The analysis of conducted electromagnetic
interference (EMI) emissions in a Class E zero-
voltage switching (ZVS) resonant inverter for
induction cooking, using an impedance analysis
approach is proposed. The paper describes the EMI
performance by the loaded impedance variation and
optimizes characteristics of loaded impedance to
reduce the conducted EMI emissions. The use of
Class E ZVS resonant circuit is to reduce in the
number of switching devices and switching losses.
The investigation shows the phenomena of
conducted EMI emissions from inverter and the
disturbance of system. Finally, the simulated and
experimental results are presented and analyzed.

1 Introduction

The induction cooker is an application, which is well
known in present, using the concept of the high
frequency magnetic flux linkage around the vessel
which produce eddy current for rapidly heating. This
high frequency induction cooking can be the EMI
receptor and EMI source in the same time. The
emission can interfere the neighbor circuits and also
internal effect itself. The emissions from the
Induction cooker have two cases, first is radiated
emissions and another is conducted emissions. In
this paper, the analysis focused on conducted
emission due to topical propose because the
concerned bandwidth and switching frequency are
on this frequency The conducted EMI
characteristics by using the impedance approach are
proposed

2 Conducted EMI Emissions

Conducted EMI emission is the interference that
propagates through a metal conductor such as wiring
or any metallic structure. The interference source are
coupled onto the power cable to the equipment. The
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interference may also be coupled either inductively
or capacitively from another cable onto the power
cable. Conducted emissions have two components:
Differential mode (DM) is the noise between two
lines of power supply, and Common mode (CM)
existing between each line and common. The
Differential mode is focused for this study between
150 kHz up to 30 MHz. [1-3]

3 Class E ZVS Resonant Inverter

The “Class E” power amplifiers as shown in Fig. 1
were developed by Sokal [4] in the mid 1970s for
use in lightweight, low power, high efficiency power
converters and RF amplifiers. The Class E ZVS
resonant inverters are most efficient inverters
known. In particular, the switch turns on at zero
voltage if the component values of the resonant
circuit are properly chosen. Since the switch current
and voltage waveforms do not overlap during the
switching time intervals as shown in Fig. 2,
switching losses are virtually zero, yielding high
efficiency (approximately 96% [5-6]). When the
inverter operated at high frequency in order to get
high efficiency controlled, the EMI noises from the
neighbor systems could emit into the circuit.
However, the Class E circuit might be operating as
the EMI emitters, such as the conducted and radiated
emitters. The study of this paper is focused on the
conducted EMI emissions from a Class E circuit to
the other systems and also with internal effect itself.

p

i

Fig. 1 Class E ZVS resonant circuit

+

Va




i

s

Fig. 2 The waveform of current and voltage at the
power MOSFET which operates at ZVS condition

IL

Fig. 3 Improved power factor by connect the:
capacitance at the secondary side of transformer

4 Proposed Concept
The prototype uses the induction cooker as the

resistive-inductive load. The power factor correction
of the load can be achieved by suitable value of the
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capacitance. This correction changes the loaded
impedance to the equivalent resistance at the
secondary side of the transformer. In this paper, the
adjustable capacitance is used for studies the
conducted emission characteristics in this circuit.
The comparison of the load which uses the
capacitance to improve the power factor to the unity
power factor as the pure resistive load as shown in
Fig. 3 [7), the circuit which reduce the number of
capacitance to the inductive-capacitive load with the
medium load angle and the highest load angle are
included. The experimental setups also use the 50 W
input power for the fairness condition of the
conducted emission experiments. The experiments
are measured at four points in the circuit i.e. at the
secondary side (point 4), primary side of the
transformer (point 3), at the DC link (point 2) and at
the AC supply (point 1) with LISN as shown in Fig.
4. The comparison of EMI from the circuit
operations are presented in the next section.

5 Simulated and Experimental Results

The simulated and experimental waveforms of the
current, voltage, and apparent power in the case of
medium load angle are shown in Figs. 5 and 6
respectively. Fig. 7 shows the impedance waveform
at the same point

@ @ @ @ induction coil
Zac r?‘——"‘-x Zie 'f"p L L G i r& B B RgER |
VYL YV 1L 1 1 1 |
I 1r ‘
i1 \\ I e NG 1 :
AC ] I Bri : |
Pawcr| | LISN | 3 :' :-—: J: v:f L - I | L G | &
Supptvl | |Rectfier| =T o\ g : } 1 i
L | | I
—1 4 | | |
!_$ _-l- :‘"P “p P o= __..___.I
Receiver

Fig. 4 Proposed circuit
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-H] RS @ e
Fig. 5 AC source simulated waveforms
Upper trace : apparent power waveform

Lower trace : voltage and current waveforms

Fig. 6 AC source experimental waveforms (point 1)
Upper trace : apparent power waveform 200 VA/div
Lower trace : voltage (higher) and current
waveforms 20 V/divand 2 A/div ¢: 5 ms/div
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| 1 I

Fig. 7 The impedance waveform which measured
at the AC source (point 1) 50 Q/div and ¢ : 5 ms/div

Figs. 8 and 9 show the simulated and experimental
apparent power, voltage and current waveforms at
the DC link (point 2). The measured impedance
waveform at DC link is shown in Fig. 10.

C:‘E + woel) -.‘E' ‘il. iy o= -

Fig. 8 DC link simulated waveforms
Upper trace : apparent power waveform
Lower trace : voltage and current waveforms

Fig. 9 DC link experimental waveforms
Upper trace : apparent power waveform 100 VA/div
Lower trace : voltage (middle)and current
waveforms 20 V/div, 2 A/div and ¢: 2 ps/div

ER | F0)

!
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Fig. 10" The impedance waveform which measured
at the DC link (point 2) 20 €/div and ¢ : 2 ps/div
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The primary side of the transformer waveforms as
shown in Fig. 11 and 12 are the apparent power,
voltage, and current waveforms and Fig. 13 shows
the impedance waveform which measured at the
same point.

P

Fig. 11 Simulated waveforms at the primary side
of the transformer
Upper trace : apparent power waveform
Lower trace : voltage and current waveforms

| AR 1
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1 / /
l g /

{ i

N
A

Fig. 12 Experimental waveforms at the primary side
of the transformer
Upper trace : apparent power waveform 100 VA/div
Lower trace : voltage (higher) and current
waveforms 20 V/div, 2 A/div and ¢ : 2 ps/div
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WS T NS

\ | i
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Fig. 13 The impedance waveform which measured
at the primary side of the transformer (point 3)
20 Q/div and ¢ : 2 ps/div

Figs.14 and 15 show the simulated and experimental
waveforms of the apparent power, voltage, and
current at the secondary side of the transformer. Fig.
16 shows the impedance waveform which measured
at the secondary side of the transformer.



B B TReen =
Fig. 14 Simulated waveforms at the secondary side
of the transformer
Upper trace : apparent power waveform
Lower trace : voltage and current waveforms

Fig. 15 Experimental waveforms at the primary side
of the transformer
Upper trace : apparent power waveform 100 VA/div
Lower trace : voltage (higher) and current
waveforms 20 V/div, 2 A/div and ¢ : 2 psidiv
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Fig. 16 The impedance waveform which measured
at the secondary side of the transformer (point 4)
50 Q/div and ¢ : 2 ps/div

From the waveforms as shown in Figs. 5-16, uses
the mathematical software to process and find the
average impedance, average power, and efficiency
of each point that present in the tables 1-3, and can
plot the histograms of three tables as shown in Fig.
17-19. Table 4 is the comparison of mismatch ratio
of the impedance from table 1, and table 5 shows the
voltage, current and power at the AC source.

The comparison of conducted EMI emissions
between three types of load can be measured by
using Hewlett Packard spectrum analyzer model of
E4403B ESA-L series via Line Impedance
Stabilization Network (LISN) model of EMCO
3825/2 50 © 10 kHz-100 MHz. The experimental
results are shown in Fig. 20-22.

Table 1 The comparison of the average impedance at four points between three types of load from the

experimental measurement

Point 1 Point 2 Point 3 Point 4
Impedance () | Impedance (©2) | Impedance (£2) | Impedance (£2)
zero load angle 56.12 40.98 21.61 1521
medium load angle 62.38 45.23 23.82 14.68
highest load angle 69.71 49.28 26.11 16.13

Table 2 The comparison of the average power at four points between thr

ee types of load

Point 1 Point 2 Point 3 Point 4
Power (W) Power (W) Power (W) Power (W)
zero load angle 50.00 48.25 46.72 45.42
medium load angle 50.00 48.07 46.13 44.61
highest load angle 50.00 47.87 45.38 43.95

Table 3 The comparison of the efficiency at four points between three types of load

Point | Point 2 Point 3 Point 4

efficiency (%) | efficiency (%) | efficiency (%) | efficiency (%)
zero load angle 100.00 96.50 93.44 - 90.84
medium load angle 100.00 96.14 92.26 89.22
highest load angle 100.00 95.74 90.76 87.90
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three types of load
Point 1 Point 2 Point 3 Point 4
Impedance (%) | Impedance (%) Impedance (%) | Impedance (%)
zero load angle 0.00 -26.98 -61.49 -76.46
medium load angle 0.00 -27.49 -61.81 -76.47
highest load angle 0.00 -29.31 -62.54 -76.86

Table 5 The comparison of the AC voltage, current, and power between three types of load
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Table 4 The comparison of the mismatch ratio of the average impedance from table 1 at four points between

zero load angle | medium load angle | highest load angle
Voltage %THD - 4.90 5.30 5.50
Current %THD 49.10 50.00 50.80
Crest Factor 197 2.02 2.05
Power Watt 50.00 50.00 50.00
VA 58.82 61.00 62.50
PF 0.85 0.82 0.80
DPF 0.95 0.97 0.97
Rel 0 dBm Atten 10 d8
Samp } :
zero load angle :‘ i b : ¢ .
B medium load angle a8 Al dubder | - =
O highest load angle !1 Y by i
¥ % highest load angle / A i
L medium load angle VAvg 1
2 zero load angle 100 |
x 4 M1 M2

AR ‘ i
Fig. 17 Histogram of average impedance from tablel S Mad) B
i ] i { ; i
Start 150 kHz Stop 30 MHz
Dzero load angle ¥Res BW 100 kHz VBW 100 kHr Sweap 7461 ms
W me dium load angle
O highest load angle Fig. 20 Conducted EMI emissions from the case of

EF highest load angle
medium load ang
zero load angle

Fig. 19 Histogram of efficiency from table 3
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zero load angle

Ref 0 dBm

VAvg
100 b b
O zero load angle i
M medium load angle M3 FC
O highest load angle AL
highest load angle
medium load angle Start 150 kHz Stop 30 MHz
zero load angle #Res BW 100 kHz VBW 100 kHe Sweep 1.461 ms

Fig. 21 Conducted EMI emissions from the case of
medium load angle



Ref0 dBm Attan 10 dB

Samp i I
Leg :
10

VAvg
100

M1 M2 ;
w Fei U

,__.__j. S

i !

Stop 30 MHz
Sweap 7461 ms

Start 150 kHz

¥Res BW 100 kHz VBW 100 kHz

Fig. 22 Conducted EMI emissions from the case of
highest load angle

Note : For Figs. 20-22.

Upper trace : measured at 50 W input power

Middle trace : measured at input voltage is nearly
Zero

Lower trace : measured at open circuit

6 Discussion

The mismatches between four points as shown in
table 4 are the losses in the system including the
EMI reflected to the source, some of them generate
the heat as shown in tables 1, 2, and analyzed in
efficiency in table 3. The mismatch ratio of
impedance are discussed based on the impedance at
point 1. For instance, mismatch ratio at point 2 for
medium load angle equal to (40.98-56.12)/56.12 =
-0.27 or -27% can effect the power reduction by
35% (shown in table 2 : (48.25-50)/50).

The impedance mismatch for various load angle can
effect to of system efficiency as shown in table 3.
The zero load angle can transfer slightly maximum
power flow to the load comparing to of that medium
load angle and of that highest load angle
respectively.

The different operating conditions are shown in
some power quality as in table 5. The worst case is
of that highest load angle.

Histogram shown in Figs. 17-19 conclude the
relation of impedance, power, and efficiency.

The observation between impedance approach (from
tables 1 and 4) and differential mode conducted EMI
emission (from Figs. 20-22) can be analyzed as the
following : differential mode emission at load angle
shows the smallest emission refer to the zero input
voltage (middle trace). The frequency spectra are
difference between upper trace (at 50 W input
power) and middle trace up to 15 MHz. Fig. 22
shows the worst case of differential mode conducted
emission both of high amplitude and high frequency
band (up to 24 MHz). Fig. 21 show the medium
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differential emission effect due to the medium
impledance mismatch supported by table 1.

Some agreements between simulated results and
measured results are presented as selected and
shown in Figs. 7-18.

7 Conclusion

This paper uses the impedance approach to analyze
and describe the conducted emissions from the
circuit, which eases to compare the emission and
power at every points in the circuit.The differential
mode conducted EMI emissions from the Class E
ZVS resonant inverter for induction cooking which
improved the loaded power factor to nearly zero as
shown in Fig. 21, has the better resuts than the other
cases. Therefore; the output power and efficiency of
this case is also better than the others too. The power
losses of the circuit are changed to the heat and the
emission noise to interfere the neighbor systems and
itself.
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Design and Analysis of a Class E ZVS Resonant Inverter for an Induction Cooking Application
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| Abstract
An analysis of operating characteristics analysis of a class E
zero-voltage switching (ZVS) resonant inverter and practical circuit
design of an induction coil for an induction cooking application are
presented. The use of a class E zero-voltage switching resonant circuit
is to reduce a number of switching devices and switching losses, A
power MOSFET is used as a switching device, operating at the
switching frequency of 100 kHz. The energy is delivered through an
impedance matching transformer to the induction coil load, which is
~wound under a 16 centimeters diameter of stainless steel vessel with
shielded lid. The output power of a prototype is approximately 1,630
walts, and the prototype can boil one liter of water within 200 seconds.
The efficiency of the class E inverter and the overall induction cooker

are approximately 95% and 85% respectively. In addition, the

experimental results are in good agreement with theoretical ones.

Keywords : class E inverter, zero-voltage switching (ZVS), induction

cooker, induction coil,
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Using a Single Switch

R. Nabhazsanan T. Warit W. Khan-ngern S. Nitta*

Electrical Engineering Department, Faculty of Engineering,
and Research Center for Communications and Information Technology,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok, 10520, Thailand
Phone/Fax: +66 2737 3000 Ext. 3322, E-mail: kkveerac@kmitl.ac.th

* Graduate School, Production System Engineering,
Salesian Polytechnic, 2-35-11 Igusa Suginami, Tokyo, 167-0021, Japan
E-mail: nitta@cc.tuat.ac.jp

Abstract - This paper presents an analysis of a
soft-switched boost converter using a single
switch and low reactive components without the
auxiliary active switches for achieving zero-
voltage turn on and zero-current turn off. The
paper describes the operating characteristics, and
analyzes the overall performances compared
with the conventional boost converter. A
comparison of conducted electromagnetic
interference emission of conventional and
proposed circuits is also included. In addition,
the experimental results are in agreement with
the theoretical ones.

I. INTRODUCTION

In 2000, M. D. Bagewadi, B. G. Fernandes, and R. V. §.
Subrahmanyam presented a paper of “A Novel Soft
Switched Boost Converter Using a Single Switch” [1]
which is an interesting concept to provide the zero-voltage
switching and zero-current switching boost converter
using only a low reactive circuit without the auxiliary
switches. However the paper [1] presented only the steady
state operation and two examples of simulated results.
Therefore, this paper presents the overall performances,
and the measured results of the conducted electromagnetic
interference emission of the proposed circuit compared
with the conventional boost circuit. The circuit is focused
on a soft-switching technique to reduce the switching
losses and this circuit does not use any auxiliary active
switches that can reduce the conduction loss and can be
easily controlled. A simple auxiliary circuit is used for
achieving the zero-current turn off and zero-voltage turn
on of the main switch with minimum number of devices
or components and does not use an additional switch or
coupled inductors.

0-7803-7277-8/02/$10.00 ©2002 IEEE.

I1. HARD-SWITCHED AND SOFT-SWITCHED BOOST
CONVERTERS

The conventional boost converter as shown in Fig.l
operates as a hard-switched converter. The proposed
circuit as shown in Fig.2 is a type of soft-switched
circuits, which has been presented in [1]. The analysis of
operating conditions of soft-switched boost converter in
Fig.2 such as turning on and turning off time has been
presented in the reference paper [1]. This paper shows a
measurement of conducted EMI emission of the circuits
and is compared between the hard-switched and the soft-
switched converters. The analysis of self-resonant
frequency and system resonant frequency is also presented
to prove the conducted EMI emission.
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Fig.1 Conventional boost converter (hard-switched)

Fig.2 Proposed circuit by Bagewadi [1] (soft-switched)



111. ConpucTED EMI EMISSION

Conducted EMI emission is the interference that
propagates through a metal conductor such as wiring or
any metallic structure. The interference sources are
coupled onto a power cable to the equipment, and may
also be coupled either inductively or capacitively from
another cable onto the power cable. Conducted emissions
have two components: differential mode (DM) is the noise
between two lines of power supply, and common mode
(CM) existing between each line and common line. The
common mode for this study is focused on the frequencies
between 90 kHz up to 30 MHz, because the operating
frequency of the converter is in this range [2-5]. The
proposed circuit is implemented at a switching frequency
of 100 kHz.

IV. SIMULATED RESULTS

The voltage and current of hard-switched operation as
shown in Fig.3 can be separately analyzed in Figs.4 and 5.
Fig.4 is the turn on voltage and current waveforms of the
switch on the hard-switched condition, which shows the
overlap of voltage and current at the switching time. In
this condition, the turn on switching loss will be a large
value. Fig. 5 is the turn off voltage and current of hard-
switched that shows the turn off switching loss on the
switch.

9 Woms 1% WPas 0 bees 08 Wes  1S0S6ac  £ST0Me I8 Wiwe  19.5%er 00N 100 08 e
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Fig.3 Simulated voltage and current of the switch in hard-
switched boost converter
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Fig.4 Simulated turn on voltage and current of the switch
in hard-switched boost converter (magnification of Fig.3)
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Fig.5 Simulated turn off voltage and current of the switch
in hard-switched boost converter (magnification of Fig.3)
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Fig.6 Simulated voltage and current of the switch in soft-
switched boost converter
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Fig.7 Simulated turn on voltage and current at the switch
of soft-switched boost converter (magnification of Fig.6)
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Fig.8 Simulated turn off voltage and current at the switch
of soft-switched boost converter (magnification of Fig.6)



In Fig.6, the soft-switched voltage and current operating
waveforms are presented. The turn on zero-voltage
switching operation as shown in Fig.7 is a method to
reduce turn on switching loss of the switch, and Fig.8
shows the zero-current tumm off operation, which can
reduce the tumn off switching loss.

V. EXPERIMENTAL RESULTS

For both the hard-switched and soft-switched boost
converters, V;, = 100V, ¥, = 200V, switching frequency
Jy= 100kHz, duty-cycle D= 0.5, L,=5mH, C,= 47yF,
R = 80Q. For the soft-switched boost converter L, and
Ly= 1uH, and Cy= 10nF. Fig.9 shows the experimental

voltage and current waveforms of the switch in the hard-
switched boost converter. Fig.10 shows the soft-switched
voltage and current waveforms, and has a smaller transient
ringing both of turn on and turn off interval.

e,
- P

Fig.9 Experimental voltage and current waveforms of the
switch in hard-switched boost converter
Vg - 100V/div, i;: SA/div, and 1 ; 2us/div

e ——

Fig.10 Experimental voltage and current of the switch in
soft-switched boost converter
vy : 100V/div, i;: 5A/div, and ¢ : 2us/div
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Line Impedance Equipment Under Test
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Fig. 11 Experimental circuit
LISN: EMCO 3810/2 5002, 50/250uH, 9kHz-30MHz
Receiver: Agilent EMC analyzer E74011A, 9kHz-1.5GHz

Fig. 11 shows the proposed circuit for measuring the
conducted EMI emission of both converters. Figs.12 and
14 show the conducted EMI emission from the hard-
switched boost converter and the conducted EMI emission
from the soft-switched boost converter is shown in Figs.13
and 15. It can be confirmed that the soft-switched boost
converter has less conducted EMI emission than the hard-
switched converter. From these results, it can be
demonstrated that soft-switched boost converter can
reduce the conducted EMI emission.

E} 1 w0 MHz

Fig.12 Conducted EMI emission from hard-switched
boost converter, measured from 90kHz to 30MHz, set
reference to 100dBuV
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Fig.13 Conducted EMI emission from soft-switched boost
converter, measured from 90kHz to 30MHz, set reference
to 100dBpV
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Fig.14 Conducted EMI emission from hard-switched

boost converter, measured from 1MHz to 30MHz, set

reference to 90dBpV
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Fig.15 Conducted EMI emission from soft-switched boost
converter, measured from 1MHz to 30MHz, set reference
to 90dBuvV

TABLE 1 PERFORMANCE OF BOTH CONVERTERS

Hard-Switched Soft-Switched
Boost Converter  Boost Converter
Via (V) 100 100
Iin (A) 5 6
P;, (W) 500 500
Vour (V) 186.6 193.2
L (A) 2.32 2.38
P, (W) 432.91 459.82
Efficiency (%) 86.58 91.96

TABLE I shows the circuit performance of both
converters, the experimental conditions of both circuits
are 100V, 5A, or 500W input power. The output power of
the hard-switched boost converter is about 433W and
86.6% efficiency compared with the output power of soft-
switched boost converter about 460W and 92% efficiency.
These results can prove that the performance of the soft-
switched converter is better than the hard-switched
converter and can reduce the EMI emission from the
circuit, which supported by the reference papers [6].
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V1. DISCUSSION

This paper shows the experiments of the similar design
and power rating of hard-switched and soft-switched boost
converters. From Figs.12-15 can be analyzed as the
following: at the frequency range of 1-3MHz the soft-
switched converter can reduce the switching transients
(such as di/dt and dv/dt) [6] and the effect of self-

resonant frequency of the circuit components. From the
measured results, the self-resonant frequencies of these
circuit components are in the range of 850kHz to 2.9MHz.
At the frequency range more than 10MHz, the parasitic
effects have been focused. The parasitic effects, such as
the capacitive and inductive effects from PCB wiring and
component layout, can be reduced while using the soft-
switched converter.

VII. CONCLUSION

The analysis of conducted EMI emission and operating
conditions of soft-switched boost converter are analyzed.
The experimental waveforms of the proposed circuit and
conventional boost converter are presented and analyzed
for the switching loss reduction. The frequency responses
of the system and each component are measured and
analyzed for conducted EMI emission.
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Capacitor Type L, (nH) R, (W) R, fe (MHz)
Aluminum, 2-lead 2-100 0.003-100 =17 QF/C 0.001-0.5
Aluminum, 4-lead 0.04-2 0.011-2.6 235 QF/C 0.02-1
Aluminum, stacked-foil 1-2 0.001-0.3 235 QF/IC 0.02-1
‘Ceramic, axial/disc 1-30 0.005-27 > 5,000 MQ 2-800
Ceramic, feedthrough 0.001-1 0.6-360 > 1,000 QF/C 160-10,000
Ceramic, surface-mount 0.06-30 0.005-5 > 1,000 QF/C 2-60,000
Glass 1.4-10 0.01-2 > 10,000 MQ 6-1,000
Mica 0.52-25 0.1-47 >700 MQ 5-7,000
Mylar 5-50 0.01-5 > 1,000 QF/C 2-35
Paper 6-160 1-16 =20 QF/C 2-15
Polycarbonate 12-55 0.001-5 > 15,000 QF/C 0.1-15
Polyester 5-50 0.01-5 >1,000QF/C 2-35
Polypropylene 6-75 0.001-0.5  =30,000 QF/C 0.3-15
Polystyrene 8-50 0.16-3.2 > 90,000 MQ 5-100
Porcelain 0.02-2 0.01-0.8 > 10,000 MQ 35-16,000
Stacked-film 2-10 0.5-1.3 > 1,000 QF/C 1-80
Tantalum, feedthrough 4-20 0.7-20 = 50 QF/C 25-1,000
Tantalum, foil 18-50 0.05-0.5 250 QF/C 0.02-1
Tantalum, solid 0.6-20 0.1-10 =50 QF/C 0.3-50
Tantalum, surface-mount  0.02-1.5 0.04-3 >50QF/C 1-20
Tantalum, wet 2.3-50 0.05-15 > 160 QF/C 0.02-1
Teflon 15-55 0.02-1 > 90,000 QF/C 0.7-10
dmual¥ adis Tsuuudmeludafimdsey 7, = ot IR
27(CL,)Y?
c % Ry
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