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ABSTRACT

This thesis presents the effect of conducted electromagnetic interference (EMI) emissions
and power losses via winding techniques of high frequency transformer for the flyback converter.
The converter transformers winding techniques are conventional winding, sandwiched winding
and interleaved winding which turn ratio of those windings is equaled to 1. The high frequency
transformer model is developed from the transformer parameters to analyze the conducted EMI of
each winding techniques where power losses are also analyzed. The high frequency transformer

winding techniques and their efficiencies with recommended technique are proposed.
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MEASURING
RECEIVER

REG

COMPOMENT VALUES FOR 50 b f B0upH NETWORK

COMPONENT VALUES FOR 150 ohen NETW/ORIC
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R1 10 el 15 ] 12uF A1 P Gi R
R2 b otwha =2 BuF A2 shoat c2 0.285uF
B3 1 clhery £ O35 R3 ofan ca | O
] B0 obam L1 e T | R4 150 ol L1 shawt
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RE 0 awne | 21 &0 ohumy

_Y

31l 2.15 29935909 LISN @ 1193511 CISPR [21]
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B B dotted below the QP limit
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Stopped 3 2006/07 /14 22:32:57
CHI=10V CHZ=S50V . I : T 5us/div
DC 101 DC 101 i (Busfdiv)
; : ; NORM 100MS /s
""""" e VDS(max)

ﬂﬂﬂ

-Trace1- P=P 13:60V f Friq IﬁB.DkHz Du;ty 34:0%
=Trace2= Max 130, [ . :

VDS(max)

(M) Vps(UU) 5 ps/div, 50 V/div ez Gate Drive(a19) 5 ps/div, 10 V/div

stopped 4 2006/07/14 22:34:03
T CHz=30.0V . T Busjdiv
D10 v Fe e (Bus Fdiv) -

NORM: 100MS /s

" |=Trace2= Freq 5. 25Dth P : :
. . CH2"3I] oy . / o ©500ns fdiv

(V) VT YYINUTING 500 ns/div, 30 V/div

Stopped 3 2006/08/10 01:28:24
: T CHz=30.0v : : . 2us/aiv
DI T - {2usidiv) -

NORM

................ P.IZ"ll]dBV H : : : 25MHz/div
F1(2] 6 ssnmz: CP1(2) - 2oBdBY : : :
F2(2) . 12.85Miz 0 ; P2(2) -18.B{BV
[4F(2)°7 "B 300MHE " aP(2) Z21 . 6kBY
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Stopped 3 2006/07 /14 2255505
CHI=10V CH2=50v : : - 5usydiv
DC 10:1 DC 10:1 : (5us#div)

ORM: 1l]l]MSf ]

=Tracel= P-P  13;20v Freq 100.0kHz:  Duly 37,0%
=Trace2= Mak 206.0V : g g g

(M) Vps(UU) 5 ps/div, 50 V/div 1oz Gate Drive(a19) 5 ps/div, 10 V/div

Stopped 3 2006/07/14 2254116
CHz=30.0¢ : Sus/div
DG M Baoananans| ook {Susydiv) -
g g ORM: 1l]DMst

=Tracez= Freq 1.000Miz

CH2330.07 : :  500ns 7div

e

a Aa

(V) VeYTYYIUTING 500 ns/div, 30 V/div

Stopped 3 2006 /08/09 23:16:48
: :CH2=30.0v : : T 2usidiv

et co2usidivy -

: : : : ‘MORM

=10dBV | : - 25MHz/div
.; Pi(2) 17 2dBY : :

: 1iP2(2)  D.5EBY
A (2)" 3>7uumz 1aP(2) -16.BdBV
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CHI=10¥ : CH2=50v : Sus7div
DG 1011 © DG 1 : : .
: : : : : NORM: 100MS /5

=Tracel= P-P 13,60¥ :  Fr

=Trace2= Max 132.0v Fr

Bq 100.0kHz:  Duly 33;0%
eq 5.000MHz: :

(M) Vps(UU) 5 ps/div, 50 V/div LagGate Drive(a'N) 5 ps/div, 10 V/div

Stepped b 2006707714 20:36:22
: T CHZ=300V : : T Gus/div
s Banocoaang Bacaaos DTN EETECERPREEE. EERRRS S (Bus iV -

NORKM:100MS /s

b

\Lf

" |=Trace2= Freq 6.250MHz:
: CH2=30.0V :

() VeeTYYINTING 500 ns/div, 30 V/div

Stopped 3 2006 /08/09 23:32:34

. 2usidiv
Lo {2us fdiv)
... NORM

CH2=30.0v :
DC 1001

CH2=10dBY : . 25MHz/div
PRy A BY
p e P2(2y =9.0dBY
2 AP (2) =14 hdeY : :

@) usagu lihanasouaiaduoamalulamwunnud

Y o 1 a [ 9 a o a Qy
57 6.7 useauldhanasonaiaduommanas dyanudvaiag (n) veredyanusang (v)

9

usasu Iihanasenadaduoammalulawunnud () voaniouasunun 3
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Stopped 3 2006/07 /14 22:24.00
CHi=10v CH2=50V : : : Sus/div
DC 101 DC 101 E E * (Busydiv)

NORM:10DMS /s

Ry iy

=Tracel= P-P  14;00¥ Freq 100.0kHz:  Duly 33;0%
=Trace2= Mak 130.0¥ Fraq 100.0kHz: g g

(M) Vps(UU) 5 ps/div, 50 V/div LlagGate Drive(’d'N) 5 ps/div, 10 V/div

Stopped 1 2006407 /14 222310
T CH2=30.0V ¢ : : : Sus/div
DG T Ee b [ (BUS VY -

... NORMIODMS /s

|

¥

ap|
“|=Trace2= Frieq 6.250MHz : I

. CHZ=300V : : : 500ns /div

() VeuFyay 15904 500 ns/div, 30 V/div

Stopped 3 2006/08/09 23:38:26
: T CHzZ=a30.0v . : T 2us/div
e DG AT e (2us AV

‘MORM

fec e cdeceoio- RH2Z=104BY: : . 25MHz/div
VF1(2) 1 6.350MHz 1 PT(2) BBV : :
V[Fe(2 12.50M1z 1 P2(2) -9.90BY

aF(2)7 6 TTS0MAZ . aP(2). —18.BdBY
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2006/07 /14 23:31:33

Stopped
CH1=10v CH2=50v
Dc 101 Dc 101

Sus7div
T (Bus/div)
NORM:100MS /s

=Tracel= P-P 14,00V
=Trace?= Mak 98, 00v

Bq 100.0kHz: Duly 33;0%

(M) Vps(UU) 5 ps/div, 50 V/div 1l Gate Drive(819) 5 ps/div, 10 V/div

Stopped 1 2006/07 /14 23:32:12
: . CH2=30.V : ; . Susidiv
ERERERERREN ) [N 11 ) TR ERERER: SEREE st {Bus div) -
: : NORM:100MS /5
— )

agf o : .
“|=Trace2= Freq 10;00MHz

CH2=30.0v

RS TR WS RRAN NS SRS RS-

: ©500ns/div

() VeNeAYYINTING 500 ns/div, 30 V/div

-
b

2006/08/09 235341

Stopped

: T CHzZ=a30.0v .
e DET0A -

T 2us/div
c o (Zusddiv)
: ‘MORM

______-______-___q-!Z::deV; :
-7 PHABY - F T
0. 04BY

. 25MHz/div

- F1

i e e, A

@) usagu lihanasouadaduoaalulawunnud
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Stopped 3 2006/07/14 23:42:32
CHI=10V CH2=50v : : T Suszdiv
DG 10:1 DC 10:1 : : © (Busydiv)

NORM:100MS /s

=Tracel= P-P 13,60V Freq 100.0kHz:  Duly 34;0%
=Trace2= Mak 138.0V : g g g

(M) Vps(UU) 5 ps/div, 50 V/div ez Gate Drive(a19) 5 ps/div, 10 V/div

Stopped F006 /07 /14 234157
: CHZ=20.0V 3 3 Sus fdiv
DG MR- e Fo L e [BUB FdiVY) -

.. NORM:0OMS /s

¥laTracez= Freq %.08ZHHz : f
CH2=20.0V T E00ns S div

Letaarat iraaian

() VeNeAYYINTING 500 ns/div, 30 V/div

Stopped 3 2006/08/10 00:08:13
: T CHzZ=a30.0v . : T 2us/div
e DG AT e (2us AV

‘MORM

o o—iee-ooi..iGHZ=1DABY ; © 25MHz/div
F2(2): 11.90Miz i : P2(2) -10.9dBY - -
GECEY 8 douMez™"  ap(2) =21 Faevy

@) usagu lihanasouadaduoaalulawunnud
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$ o 1 a d [ o a o
517 6.10 ussau lwhanaseuaindueavauaz dyanaduaiag (n) veredyanasene (V)
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Stopped 3 2006/07./11_22:50:43
CHI=10Y :  CHZ=50v : T Gusfdiv

DG 101 DG 11 s © (Busydiv)
: : : NORM:100MS /s

=Tracel= P-P  13;60V Freq 100.0kHz:  Duty 33;0%
=Trace?= Mak 98; DOV E E E

(M) Vps(UU) 5 ps/div, 50 V/div ez Gate Drive(a19) 5 ps/div, 10 V/div

Stopped | 2006 /07 /14 23:00:54
: CH2=30.0V z : Sus/div

DC-AT R [ EETERTPTRY PSR, {5usj’div}--

; ; i : NORM:100MS /s

“|=Tracez= Freq 10i00MHz ' :
T CHz=30.0V . : ©500ns /div

v

() VeNeAYYINTING 500 ns/div, 30 V/div

Stopped 4 2006/08/10_00:16:52
: CHZ=30.0v - : T 2usfdiv

T DB E L (Zus fdiv)
: : : : : ‘MORM

VIF1t2) BIJIJM-IZEPi[Z R AR
L[Fa(2, 0Mdz 1 - P2(2) -20.4dBY -

@) usagu lihanasouaiagsuoamalulamunnud

E4
a Aa

! @ 1 a 4 [ Y] a 4 [
51U 6.1 u,imu“lv!ﬂmmiaummuamwmmzﬁtytymwmmf () VITAYYIUTING (V)

U

usagu Iihanasouadaduoamalulamuanud (o) veanioullasmun 7
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Fel

Stopped 2006 /07 /14 _23:26:43

CHI=10YV : CHz=50¥ : : T Sus/div

DG 11 DG 1 : : ¢ (Susydiv)
: : : : NORM:100MS /5

I T ______ -

=Tracel= P-P 13,60V :  Frbq 99,01kHz:  Duly 32;7%
=Trace?= Max 94, 0OV : : : :

(M) Vps(UU) 5 ps/div, 50 V/div LiagGate Drive(’d'N) 5 ps/div, 10 V/div

Stopped

A

2006/07 /14 23:27:27

CH2=30.0V : : © Susydiv

B R 1 - 11 LR s (BUS VY -
: : : NORM: 100MS /5

=Trace2= Fréq 10; 00Miz : :
: CH2=30.0V - : . ©500ns/div

5 e

2

(V) VYT YYINUTING 500 ns/div, 30 V/div

Stopped 3 2006/08/10_00:24:25
: CHZ=30.0V : T 2usydiv
DC10:1- - : - (2usfdiv)
: : : : ‘NORM

. - CHZ=0dBY : : 125MHz /div
E F1g2
[

_ S0HEIZ - PH(2Y 0 AGBY
[F2(2) ;. 20 .50Miz 1 - P2(2): aBY
AF(2) 0 10-30MHz  : aP(2) -20.0dBV : :

oiF2

’ ’
ucrinah

@) usasu Iihanaseuadaguoamalulamuanud

£4
a A

H o 1 a d @ Y a [
51 6.12 ussnTrihanasenaindueaanaz dyanaduaiag (n) veredyaasane (v)

usasu Iihanasouadasueamalulawuaud (@) vosndoullawuun 8
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Stopped 3 2006/07/15_00;14:46
CHI=10V : CHZ=50V | : T Bus7div
DG 11 DGl :  (Susydiv)

NORM "]DMSf S

Sizlsiats
o m _______ m _______ --‘ ______ m _____ m_

=Tracel= P-P 13,60V .  Friq 100.0kHz Duly 33;0%
=Trace?= th 98 ; 00V g g g

(M) Vps(UU) 5 ps/div, 50 V/div LiagGate Drive(’d'N) 5 ps/div, 10 V/div

Stopped | 2006/07 /15 00:22:41
; I CH2=300V : o | usydiv
= . et Fus fdiv) -

NORM:1[IUMS!S.

—Tracez— Freq 9.434MHz
: CHMD.W

e 100ns/div

() VeuFya 15904 500 ns/div, 30 V/div

Stopped 3 2006/08/10 00:39:39
: T CHzZ=a30.0v . : T 2us/div
e DE AT e e {2us AV

‘MORM

- : © 25MHz/div
:F1(2) 9. 2unr-Hz: P1(2)1 -3, 548V ; ;
VIF2(2) 1 18.a0MHz o 0 P2(2) -18.BdBY
- at'(’zj"'ﬁ'ilimrz" D AP(R2) -15.3dBv
- F2
AW, (TN

@) usagu lihanasouadaduoaalulamwunnud

E4
a Aa
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FEI

Stopped

2006/07 /15 00:32:14

CHI=10¥ :  CH2=50v
DG 1011 © DG 1

Sus fdiv
(Busfdiv)
NORM:100MS /s

T

=Trace?= Max 104.0V

=Tracel= P-P  13;20¥ :  Friq 100.0kHz:@  Duly 33;0%
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PHYSICAL DIMENSIONS
ETD and
NUMEER TYPE A B [ D (min.) E F an
"43434-EC | ETD34 in. 1346+ 030 | 281= 008 | 425¢ 012 464 1025 027 | 425=.012 E E R cores
{mm.} (34.2) (17.3) {10.8) (11.8) (26.3) (10.8)
"43521EC | EER-36L | in. 13782 020 | 8152 Q08 | 445% 010 a7 1022 020 | 4452 .010
{mm.} (35.0) (20.7) (11.3) [14.4) (26.1) (11.3)
"4 3E3R-EC ETD22 in. 1.539 + 035 778 = 003 432+ M2 580 1.185+ 031 492 = M2
{mm.) {38.08) {18.3) {12.5) {14.2) (30.1) (12.5)
"44218-EC | EER42 in. 1880 032 | 2502008 | &79& M2 as 1200+ 023 | 579012
{mm.} [42.1) (21.8) {14.7) {15.8) (31.0) (14.7)
44444 EC | ETDA in. 1732+ 040 | E7E= 008 | 583% 015 835 13112 032 | 582z 015
{mm.} (43.80) (22.3) (14.8) [16.1) (33.3) (14.8)
"44D48-EC | ETD42 in. 1017 £ 031 | @7z=008 | E42=015 a98 14572 035 | £422.015
{mm.) (43.80) (24.7) (18.3) {17.7) {37.0) [16.3)
"4EDED-EC | ETDSS in. | 2384+ 051 | 1220+ 005 | 882: A amn 1760+ D43 | 252: 012
{mm.} (50.2) (31) {21.65) (22.1) (44.7) 1.65)
"4 TO54-EC in. 2.700 + D&D 2125+ D158 787+ .05 1.647 2130+ D50 787 £ M5
{mm.} (83.58) (54) (20) [41.8) (54.1) (20)
CORE SETS
Effective core parameters ; : i :
SYMBOL PARAMETER VALUE | UNIT 101708 | | i I QZL
| | +0.
(IFA) core factor (C1) 0.589 | mm-! b : , N
Ve effective volume 17800 | mm? | l
le effective length 103 mm .
Ao effective area 173 mm? 45z
— = o et
Ain minimum area 172 mm2 23,
- 0
m mass of core half =47 g ! --|15 z_u_5|--
o i'_ | 4 :’7
s 0 L I f_ A
52 pg
I\ \\._ | / fll
) T MECIEE
Dimeansions in mm.
Fig.1 ETD44/22/15 core half.
40 6 max.
= 45 3 min. - - S22 max. ———
- 323 02— e 32 :;:_.
—u.. u.a
- Ef+g'e+ ro—— 225 mim, ——=—y
: | I
1 1[0 l
=l=IN=l:-l=-"E=l--l=N=N= . =
! 57 o \ r
' I 2175 8
38.1 l. 0.2

Oo.e

[}
o
in
=

Dimensions in mm.

Fig.2 ETD44/22/15 coll former; 18-pins.
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Standard material characteristics (Power material)

Proparty Symbal Caondition Unit eH10 aHz0 6H40 sHH aHa2 7Hi10 THz20
AL iritial pemmaability i 0.1 MHz = Z500 2500 2400 2500 3400 1500 1000
Saturation magnetic Bs 23 °C T 510 510 530 520 530 480 480
Az clans {1000 A'm) 100 °C 390 390 430 420 430 280 3850
Fresiid magnetic A densil Br 23 °C mT 110 130 110 110 110 150 130
Coercivity Ho 23 °C Afm 13 13 10 10 10 a0 25
Relative loss factor tana/pi 0.1 MHz 10E <5 <5 <3 <3 <3 <5 <4
53 °C = = o0 75 &0 = =
40 °C = = 75 &0 50 = =
25kHz &0 °C KWim3 &5 B0 &0 ] 40 = =
80 °C 55 65 50 40 45 = =
100 °C a0 55 40 45 55 = =
200 mT 23 °C = = 50 550 450 = =
40 °C = = 550 450 350 = =
Core | 100 kHz| 60 °C KWim3 450 550 450 350 300 = =
R 800G 400 450 350 300 325 — —
100 °C 500 400 300 325 375 = =
&0 °C = = = = = 100 50
500 kHz[ _ 80°C KWim3 = = = = = 80 40
100 °C = = = = = 100 50
somT 60 °C = = = = = 400 200
1 MHz B0 °C KWim? = = = = = 400 200
100 °C = = = = = 500 50
Tamperatura coafficant ar 20 "C~~a0 *C w10 8 8 8 [} 8 8 8
Curis temperatura Tc — G =200 =200 =200 =200 =200 =200 =200
Resistivity o = a-m 3 3 2 ] ] 5 5
Apparent density d = <103 kg'm= 48 4.8 49 44 49 4.8 4.8

Mote: 1) The valuss wears cbtained with torokdel cores (FR2EME/S).
2) Thes values wers obtaned at 2212 *C unless ohery s s paciisd,
2} Initial pameability was messured at 10kHZ, Q8Am,

@ Pcv vs. Freq. 100G s ®Bvs. H
————rrr————===""

ol

450 23C
4ie) —
350
30

M\

W0

NN

NAY

B (T}

Poy (KT

280
/4
o f.-";" /
100 f"f
5 I\

I:I—1IZIIZI 1020 20 40 50 &0 70 80 90 100

Freq. (kHz) H (A )

P
yi%
pd

F

mul i va. DC-Bias . ?m:l pavs. B

27C

N

g ———

= L
100 \"\':‘ag.:= 27CH /

N
17

™

ul

2%

100D

10 100 1000 0 B0 100 150 200 250 400 250 400
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05 AL value 114 NU5202 50901017 18z NI 30 Ampere-Turn gagaAvA1 AL value

EER44/45 (ETD44)

EER CORI

1 |
0y 0 s B
b
HEE L :
sy Magnetic Parameter
Core constant C, 059208 mm™'
Effective magnetic pass length £, 103 mm-
Lx Effective cross sectional area A, 1756 mm?
40 Effective core volume v, 18100 mm’®
% Center leg area 174 mm?
1481 Minimum cross sectional area A 173 mm?
(Back area)
Winding area of core A, 304 mm?
! _E En Approx. Weight 90.8 g/pair
o
L o~
i \ j \ Unit: mm
‘ AL Value Effective permeability Air gap Core loss (Max.)
Progues cude (nH/N?) ", approx. 100kHz, 200mT (Watt)
6H20 EER44/45 4,000 +25% (3,000~5,000) 1,880 0 8.1
AL value vs. gap length NI vs. AL value
2 4
2
1w 10°
X ’
7 > ~
7 [ =
A\ | Sk |
2 T ] 1
z ' NN 2 L
T ¢ ~100°E 2 1 SN T
E R | = 100NN ! [
3 Lo b < | ~ 1
S \ E = |
é 2 > 1
4 1
\ , L1
| il
| ki) Ll |
W : ; | i |
! | 10 - bt {
7 l. { 7 :
s I I | : |
1 1
= l 1 3 | I
0~ 2 4 7 1 T [ 2 2 & T r
Total gap length (mm) Al value (nH/N?)
23C AL = 247.9XG ™" (nH/N) : . :
G = 1151.2%AL"3™* (mm) NI shows the point where the exciting current is
100°C AL — 255.8XG-H13% (nH/N?) 20% away from its extended linear part.
G = 9153xALT#™ (mm)]

35
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aterial characteristic curves (power material

¥
Care loss kW m®) Core loss (AL m3

Hy

Core loss vs, Temperature
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International
IGR Rectifier

SMPS MOSFET
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PD- 51880

IRFP460A

HEXFET® Power MOSFET
Applications
. F],‘_g:'..-.ritlc:h Mode Power Supply ( SMPS ) Vbss | Rds(on) max Ip
e Uninterruptable Power Supply 500V 0.270 20A
s High speed power switching
Benefits
o Low Gate Charge Qg results in Simple
Drive Requirement
o Improved Gate, Avalanche and dynamic
dv/dt Ruggedness
e Fully Characterized Capacitance and
Avalanche Yoltage and Current Tosarac G DS
o Effective Coss specified ( See AN1001)
Absolute Maximum Ratings
Parameter Max. Units
Ip @ T =28°C Continuous Drain Current, Vg @ 10V 20
Ip i@ Tg=100°C Contimuous Drain Current, Vg @ 10V 13 A
o Pulsed Drain Cument 1 ED
Po@Tg =25°C Power Dissipation 280 W
Linear Derating Factor 2.2 WieC
Van (Gate-fo-Source Voltage + 30 1)
dwidt Peak Dicde Recovery dwidt = 38 Vins
T, Operating Junction and -85 to + 150
Tara Storage Temperature Range *C
Soldering Temperature, for 10 seconds 300 {1.8mrn from case )
Mounting forge, 8-32 or M3 screw 10 Iefein (1. 1=}

Typical SMPS Topologies:

s Full Bridge
s PFC Boost
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MUR1510, MUR1515,
MUR1520, MUR1540,
MUR1560

Prefarred Devicas

SWITCHMODE ™
Power Rectifiers

These state—of—the—art devices are a series designed for nse in
switching power supplies, inverters and as free wheeling dicdes.

Features

Ultrafast 35 and 60 Nanosecond Recovery Time

173°C Operating Junction Temperature

Popular TO-220 Package

High Voltage Capabality to 600V

Low Forward Drop

Low Leakage Specified (@ 150°C Case Temperature

Current Derating Specified (@ Both Case and Ambient Temperatures

Ph—Free Packages are Available®

Mechanical Characteristics:

® Casze: Epoxy, Molded

® Weight: 1.9 Grams (Approximately)

# Finish: All External Surfaces Cormrosion Resistant and Terminal
Leads are Readily Solderable

® Lead Temperature for Soldenng Purposes: 260°C Max. for
10 Seconds
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ULTRAFAST RECTIFIERS
15 AMPERES, 100-600 VOLTS

TO-220A0C
CASE 221B
PLASTIC

MARKING DIAGRAM

O

Y OWWG
L S
HA
A

A = Assembly Lozation
b = ‘Year
WW = Woark Week
G = Pb—Free Package

U1Sxx = Device Code
=10, 15, 20, 40 or 80
KA = Diode Polarity
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TL594

Precision Switchmode
Pulse Width Modulation
Control Circuit

The TL394 i3 a fixed frequency, pulse width medulation control
cirenit designed primarily for Switchmode power supply control.

Features

Complete Pulse Width Modulation Contrel Cirenitry

On—Chip Osallator with Master or Slave Operation

On—Chip Error Amplifiers

On—Chip 5.0V Reference, 1.5% Accuracy

Adjustable Deadtime Control

Uncommitted Output Transistors Rated to 300 mA Source or Smk
Output Control for Push—Pull or Single—Ended Operation
Undervoltage Lockout

Pb—Free Packages are Available*

MAXIMUM RATINGS
Rating Symbol Value Uit
Power Supply Violtage Voo 42 1Y
Caollector Cutput Voltage Ve, 42 \
Collector Cutput Current Iz, Ioz 500 mé
{Each Transistor) (Mate 1)
Amplfier Input Voliage Range ViR 0.3 to +42 \
Power Dissipation (@ Ty = 45°C Po 1000 miéV
Thermal Resistance Fage AN
Junction—to—Amiient (PDIP) a0
Junction—to—Air (TSS0F) 140
Junction—to—Ambient (SCIC) 135
Operating Junction Temperaturs T, 25 "z
Storage Temperature Range Tag 5510 +125 "c
Operating Ambient Temperature Range Ta "c
TLES4CD, CH, COTE —40 to 85
Derating Ambient Temperaiure T, 45 "c

Maximum ratings are these values beyond which device damage can ocour.
Maximum ratings applied to the device are individual stress limit values {not
normal operating conditions) and are not valid simultansously. If these limits are
excesded, device functional cperafion is mot implied, damages may cocur and
reliability may be affected.

1. Maximum thermal limits must be cbhearved,

—
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MARKING
DIAGRAMS
18
PDIP-16
A N SUFFIX TLoeacn
' CASEGag |O AWLYMAWE
1
1

“hpEABAAER

i TLE4CDG
CASETSIE |y COMLYWW
WHHTTTHEE
wiiAAAAA
TSSOP-16 IS?;
'@- . DTS SUFFIX Jome
. CASE 948F o LTV
ILLLELLE
A = Ass=mbly Location
WL, L =Wafer Lot
Y, = Year

VW W = Work Wesk

Gaorw

= Pb-Free Packags

{Maote: Microdot may ke in ether location)

PIN CONNECTIONS

L

e Mo
et (LES ﬂ 16] g

ke Amg 1
weut 21 Ve 5] et
wmp'e“gplmm : =01y E.Euri'l EVM
e D> | mes
&[54 1] Ve

Ol abor
wr [6H L ] cz
a2
Groend [T =

i s—| m;l l—i]m
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HEWLETT"
PACKARD

O

2.0 Amp Output Current IGBT
Gate Drive Optocoupler

Technical Data

Features

« 2.0 A Minimum Peak Output
Current

+ 15 kV/us Minimum Comimon
Mode Rejection (CMR) at
Vo = 1500V

+ 0.5 V Maximum Low Level
Output Voltage (V)
Eliminates Need for Negative
Gate Drive

* Ioe = 5 mA Maximum Supply
Current

+ Under Voltage Lock-Out
Protection (UVLO) with
Hysteresis

* Wide Operating Vo Range:

15 to 30 Volts

500 ns Maximum Switching

Speeds

Industrial Temperature

Range: -40°C to 100°C

Safety Approval

UL Recognized

2500 Vrms for 1 min. for
HCPL-3120

2750 Vrms for 1 min. for
HCPL-I312

5000 Vrms for 1 min. for
HCNW2120

HCPL-3120
HCPL-J312
HCNW3120

CSA Approval
YDE 0884 Approved
Viarw = 630 Vpeak for

HCPL-3120 {Option 060)

Viopuw = 591 Vpeak for
HCPL-J212

Viorm = 1414 Vpeak for

Applications
« IGRT/MOSFET Gate Drive
+ AC/Brushless DC Motor

Drives

+ Industrial Inverters
+ Switch Mode Power

HCNW3120 Supplies
BSI Certified (HCNW23120
only) (Pending)
Functional Diagram
HCPL-31200312 HCNW3120
NC [1] . 18] vee NiC 1]
ANODE E—| ; 7]V AnoDE [Z]
CATHODE Ejé i | 6]Vg CATHODE [3]
!
N [4] SHIELD 5]vee NEL2
TRUTH TABLE
Voo - Vee Voo - Vee
“POSITIVE GOING” | “NEGATIVE GOING"
LED | (ie., TURN-OMN) {i.e., TURN-OFF}) Vo
OFF 0-30V 0-30V LOW
ON 0-11V 0-9.5Y LOW
ON 11-13.5Y 9.5-12v TRANSITION
ON 13.5-30V 12-30V HIGH
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SHARP
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PC817 Series

PC817 Series

High Density Mounting Type
Photocoupler

# Lead forming type (Itype ) and taping reel type (P type ) are also available. (PC817I/PCB1TP )
## TUV (VDE0284 ) approved type is also available as an option.

W Features
1. Current transfer ratio

W Applications

1. Computer terminals

{CTR: MIN. 50% atI:= 5mA Vce=5V) 2. System appliances, measuring instruments
2. High isolation voltage between input and 3. Registers, copiers, automatic vending
output (Vi - 5000V ) machines
3. Compact dual-in-line package 4. Electric home appliances. such as fan
PC817 : 1-channel type heaters, etc.
PC827 : 2-channel type 5. Signal fransnussion between circuits of
PC837 . 3-channel type different potentials and impedances
PC847 : 4-channel type
4_Recognized by UL, file No. EG4380
B Outline Dimensions ( Unit : mm)
PCB1T7 pCsary
Intzrnal connection diagram 25420325 Internal comnaction diagram
o eole @ ©0 00
cTR - T R
rank mark | AV m! ME = \¥4 \/J
Anade n? E._] w
Anods mark mark ': - ; = @, |-P|- -H-l
°e o2 @@ DOOD g ancce
'_:9:"; 2% Cathode
. mm=03 ) E)XT) Emittar
7.62203 782503 ©E Collector
£ r I: @ Ancde | E s o Ee=0E P [ :
= L — ) Cathode :_: b - amzn b
E IF__C.:E-U- V(3 Emitter = I (] | b !lll' 228 \'.'
Bl .+§lﬁ‘r @) Collectar o byl ~8l =RV
8= 0fp 13 o _Jlos=0 8=0to 12°
PC837 _ PCB47 ]
Internal connection Internal connection
diagram e 2 54=028 diagram
2 2000@ @0 6@ ©
e vavEvi 5|8 8020089 goeceoee
- R EE
L \’:'L ™ 5_ -E: ™ 5_ :;
' aofe | WL e s
o| DEE Anods O| 20886000 g =
U (2DE Cathode i no=02
(B 1) Emitter 12=03
B2 Collectar w1 g.g2=0E
s 7.E2%02 g | ]
% J \ 2L nnanpan Ik
sl e |n n ' [ T= U
K __( o l'l 0.28 =01 lll b 1 i (L
EHR j 8 0.5=0 8= D@12
S e e OHBD Ancds DOGE Emiter
- 8=0te 13’ EXAEE Cathode 042 Collector
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TL431, A, B Series,
NCV431A

Programmable
Precision References

The TL431, A, B integrated circuits are three—terminal
programinable shunt regulator diodes. These menolithie IC voltage
references operate as a low temperature coefficient zener which is
programmable from Vi to 36 V with two external resistors. These
devices exhibit a wide operating current range of 1.0 mA to 100 mA
with a typical dynamic impedance of 0.22 €2 The characteristics of
these references make them excellent replacements for zener diodes i
many applications such as digital voltmeters, power supplies, and op
amp circuitry. The 2.5 V reference makes it convenient to obtain a
stable reference from 5.0 V logic supplies, and since the TL431, A B
operates as a shunt regulator. it can be used as either a positive or
negative voltage reference.

Features

® Programmable Output Voltage to 36 V

® “oltage Reference Tolerance: £0.4%, Typ @ 23°C (TL431B)
Low Dynamic Output Impedance, 0.22 £ Typical
Sink Current Capability of 1.0 mA to 100 mA

.
.
¢ Equivalent Full-Range Temperature Coefficient of 30 ppm/“C Typical
.

Temperature Compensated for Operation over Full Rated Operating
Temperature Range

Low Output Noise Voltage

Pb—Free Packages are Available

L]

L]

Symbol
ﬁCa’[hDdE
YK
Reference
(R) J—T/
(_‘Annde
~OA

Representative Block Diagram
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TO-92 (TO-226)
LP SUFFIX
CASE 29
Pin 1. Reference
2 2. Anode
- 3. Cathade
PDIP-&
P SUFFIX
CASE 626
Microg8™
Q DM SUFFIX
8
. CASE B46A
Cathoda [ 1] | 8] Refemnca
HIC NG
e [3] 18] Avode
Mic [4] HC
{Too View)
SOIC-8
. @ D SUFFIX
CASE 751
Gamod [T ] BICE
Anoda [2] 7] Anada
[5] 5]
ne [+ [5] we
{Top Wiew)
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1350-1, 1350-2 Tape

Flame-Retardant Tape with Polyester Film and Acrylic

Pressure-Sensitive Adhesive

Data Sheet

Product Description

3MT™ 1350 Tape is an electrical insulating polyester
film tape, which meets the flame-retardancy
requirements of UL 510. It consists of materials that
are represented in many UL Recognized Insulation
Syatems and has a Ul 130°C temperature rating. It
also offers excellent flagging and solvent resistance:
good wet grab; smooth, even unwind and is suitable
for use on automated equipment.

» UL Recognized flame retardant

» UL Recognized Class 130°C/CSA

+» Excellent Flagging Resitant

» Printable

« Solvent resistant without thermosetting
+ Excellent shelf life

Colors

3M 1350 Tape is available in yellow, white and black.

AN @&

3M 1350 Tape is especially suited for applications
such as wrapping coils, capacitors, wire harnesses,
transformers, shaded pole motors and fractional
horsepower motors.

Applications

UL and CSA Component Recognition

UL Recognized for use at temperature not exceeding
130°C, flame retardant per UL Standard 510, UL
File Number E17385, Product Category AOANZ2.
Underwriters Laboratories (UL) Recognized
products are evaluated for use as components of
end-product equipment that is Listed or Classified
by UL. To achieve Underwriters Laboratories
Recognition, component construction must meet UL
specifications and conditions of acceptability for
proper and safe use of the component products, 3M
Flame Retardant Tape with Polyester Film and
Acrylic Pressure Sensitive Adhesive.

Typical Properties 1-mil Film 2-mil Film
Adhesive Acrylic Acrylic
Backing Paolyestar Film Polyester Film

Backing Thickness'

One mil (25 micron)

Two mils (50 micron)

Total Thickness'

2.5 mils / 0,063 mm

3.5 mils / 0,088 mm

Colors

Yellow, White, Black

Yellow, White, Black

Temperature Class

130°C (266'F)

130°C (266°F)

Diglectric Breakdown'

5500 Volts

7,000 Volts

Insulation Resistance' (megohms)

=1 x10°

=1x10°

Breaking Strength’

25 |bs. [ in (44 NAOmm)

50 Ibs. / in(88MN/1 Dmm)

Elongation® (% at break)

100

110

Electrolytic Corrosion Factor®

1.0

1.0

Adhesion to Steel’

30 oziin (3,3N/10mm)

30 ozfin (2,3M/10mm)

UL 510 Flame Betardant?

Yes

Yes

Printable

Yes

Yes
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SPECIFICATIONS

Operating Temperature

-55 10+100 C
Range
Working Voltage
6.3 to 100 Vdc
Range
Capacitance Range 0.1~ 1004F
Capacitance +20% (at 20°C 120Hz)
Tolerance
Dissipation Factor Rated Voltage (V) 6.3 10 16 25 35 50 63 | 100
(tand')
(at 20°C 120Hz) tand (Max) 022 | 018 | 016 | 014 | 012 | 010 | oos | 007

1= 0.01CV or 3/ A, which is greater.

Leakage Current I Leakage current. (14A) C: Rated capacitance. (4F) V: Rated voltage. (V)
The value after impress the rated voltage for 2 minutes.

The following requirements shall be satisfied when the capacitor are restored to 20 C after
the rated voltage applied for 2,000 hours at 105°C

Load Life Capacitance change = *20% of the initial value
Dissipation factor (tan ) = 200% of the specified value
Leakage current = specified value

The following requirements shall be satisfied when the capacitor are restored to 20C
after exposing them for 500 hours at 105°C without voltage applied.

Shelf Life Capacitance change = +20% of the initial value
Dissipation factor (tan ) = 200% of the specified value
Leakage current = 200% of the specified value
Others Satisfies characteristic W of JIS C-5141 (1991)

RIPPLE CURRENT MULTIPLIERS

Frequency Multipliers Temperature Multipliers
cqp}';;{i‘:‘fﬁfﬁ’_ 50(60)| 120 | 300 | 1K | 10K~| | Temp (C) | 40 | 60 | 70 | 85 | 95 | 105
22~68 | e 017 | 040 | 065 1
Factor 2.1 1.9 1.65 1.4 1.25 1
100 ~ 220 0.3 0.50 0.65 0.80 1
330 ~ 680 0.57 0.71 0.82 0.90 1
1000 ~ 4700 0.75 0.87 0596 0.98 1

DIMENSIONS (mm)

_ PVC SLEEVE

+0.05

= ° .
g 1
3 —— @ o
: — | © £
a ks
a, .
- L wla 15min__ | 5min | D +0.5Max |
D =13 L+1.5 max
=16 : L+2.0 max
Sofety Vent
Dia =8

Do | 5 6.3 8 10 | 13 16 | 18
0.5 05 06 0.6 0.6 0.8 0.8
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1470 puF (M0)
[T AR R M T SRR P AR e
Cap(a;i;?nce Cgs[')-‘ ;ilz_e hgru:}r:ﬂ: Cuﬁ::t l‘1@ 1 1;5 C c;’s ;'tc hé;eriIJTH r Cutrk;:i r(g?lrfé'c cns; :izg @GTOII!}Tﬁg c.m::'z l{:i'; %05 C
20C 100kHz 20°C 100kHz 0'C OkHz
) () (e rens) mm) () (mA rms) (mm) () (A rms)
100 5X11 1.3 154 6.3X11 0.91 210 6.3%11 0.58 260
220 6.3X11 0.61 260 8X12 0.48 300 8X12 0.33 400
330 Bx12 0.40 350 ax12 0.33 400 10%13 0.23 500
470 10X13 0.28 510 10X13 0.24 500 8X20 0.18 650
1000 10X20 017 860 10%20 0.12 970 10X30 0.091 1160
2200 10X30  0.095 1150 13X25  0.073 1320 13X30  0.063 1540
3300 13%30  0.081 1280 13%35  0.052 1770 13X40  0.045 1980
4700 13%35  0.053 1770 16X32  0.054 1810 16X36  0.046 2030
Sov
c“*}uﬁi::;nce Cote sive @WLTH‘:. Current G105 e e @mlarm: Current G105°C . ‘&1 oLT?-‘fi Cument @}05C
kil 20C 100kHz Aot 20C 100kHz g 20C 100kHz
(1) (mA rms) () (mA rms) () (mA rms)
47 6.3X11 1,20 155 6.3X11 0.87 210 8X12 0.52 275
100 8X12 0.38 350 8X12 0.32 400 8X20 0.20 635
220 10%13 0.23 500 8X20 0.18 650 10X25 0.11 1030
330 8X20 0.19 650 10x20 0.13 860 10X30 0.086 1150
470 10X20 0.14 860 10X30  0.089 1150 13X25  0.068 1320
680 10X30 0.09 1150 13X25 0.070 1320 13X35 0.048 1770
1000 13X25  0.071 1320 13X30  0.061 1540 16X32  0.050 1810
2200 13X40  0.044 1980 16X36  0.044 2030
3300 16X36  0.045 2030 18X40  0.035 2460
4700 | 18X40  0.036 2460
B a0V
Copactorcel  Cgmae | 'Glooihe Current @105 Cosesize  Glogihe Curront @105C
i) 20C 100kHz jledi 20C 100kHz
() (mA rms) {{1) {mA rms)
22 6.3X11 28 105 BX12 0.53 305
33 8X12 1.1 195 10X16 0.35 500
a7 8X12 0.56 305 10X20 0.30 600
68 10X16 0.35 500 10X20 0.19 795
100 10X16 0.31 550 10X30 0.15 955
220 13X20 0.16 890 13X35 0.087 1450
330 13X25 0,13 1320 16432 0.082 1780
470 13X35 0.091 1450 16X40 0.047 2200
560 13X40 0.08 1610 18X36 0.053 2000
680 16X32 0.065 1790 18X40 0.043 2370
LOAD LIFE TEST
470 1F 35WV = Leokage Current Change

2200 HF 25WV
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Abstract

In this paper, the effect of conducted EMI via winding
techniques such as conventional winding, sandwiched winding and
interleaved winding are proposed. The flyback converter which has
identically components, except the winding techniques of transformer,
is verified by experiments. The experimental results show that the
voltage stress at MOSFET is highest for the conventional winding case
but other cases, the voltage stress are reduced by the same margin. The
conducted EMI is different at frequency beyond 3 MHz only. However,
the peak of conducted EMI is the same that means complicated winding
techniques of transformer has the effect of conducted EMI on frequency

response of the peak EMI.

Keywords: conducted EMI, transformer winding techniques
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ABSTRACT

This paper presents the comparison of conducted
electromagnetic interference (EMI) emission effect on
various high frequency transformer windings. The
interested  windings are conventional winding,
sandwiched winding and interleaved winding techniques
of the flyback converter. All techniques have a different
in parasitic capacitance which can cause different in
common mode emission of power converter system. The
comparison is done based on the different winding
techniques of transformer and verified by the experiment.
The results are not only the conducted EMI aspect, but
also the electrical performances such as efficiency and
voltage stress. Finally, the Fourier transform is analyzed
to confirm the measured conducted EML

Keywords: EMI, transformer winding techniques,
flyback converter.

1. INTRODUCTION

The operation of the switching power supply can
generate noises into the system in both conducted and
radiated EMI emissions. Since the switching device such
as MOSFET operating at high frequency, it leads to
generate high dv/dt and di/dt which are the main caused
of EMI emission.

The switching power supply normally uses high
frequency transformer to step-down or step-up the input
voltage, transferring energy from input to output and also
the isolation. Therefore, the high frequency transformer
play an important role in the switching power supply.
There are many different techniques to wind the high
frequency transformer, for example, the simple
conventional winding, sandwiched winding and
interleaved winding, respectively. The main objective of
using the complicated techniques is to reduce the leakage
inductance and to minimize the peak of voltage stress
across the switching device.

The results of conducted EMI from diverse winding
techniques of the flyback converter, which has identically
components, are investigated. The winding techniques of
high frequency transformer are compared in three
different types: conventional, sandwiched and interleaved
windings, respectively. The comparison of electrical
characteristics such as power loss, efficiency, voltage
stress across MOSFET and ringing frequency are verified
by the experiments. Furthermore, the results of

conducted EMI from those techniques of high frequency
transformer are also analyzed.

2. THEORY

2.1 Flyback converter

The conventional circuit of flyback converter is
shown in Fig. 1. It is the simplest isolated switching
power supply circuit that uses the high frequency
transformer. There is a control circuit to control the duty
cycle of a MOSFET operation while the high frequency
transformer is used to transfer energy from input to
output. When the switch is turn-on, the transformer
stores the energy. On the other hand, when the switch is
turn-off, the transformer then transfers the energy to the

load.
1 %
T

Fig. 1: The basic circuit of Flyback converter.

Vs —

2.2 Conducted EMI

The operation of switching devices can generate both
of dv/dt and di/dt. It is clarified that those phenomena can
cause the EMI emission [1] which can affect to any
systems. Two types of the conducted EMI are differential-
mode and common-mode emission. The differential-mode
propagation takes place between two conductors, e.g. line
and neutral, while the common-mode propagation takes
place between a group of conductors, i.e. line or neutral,
and ground [2] as shown in Fig. 2.

2.3 High Frequency Transformer

The main objective of using the high frequency
transformer in the switching power supply is to step-up
or step-down the input voltage and to isolate the output
from the input of the circuit. When the operating
frequency of transformer is increased, it allows the
transformer size to be smaller. However, the conducted
EMI and their harmonics are increased when the
components working at switching frequency. Moreover,
the equivalent circuit of the transformer [3], as shown in
Fig. 3, can be seen that the leakage inductance L, and L,



will cause the voltage stress across the switch. The Ry, Rs
and R, represent the power loss in the transformer. While
CL, composed of the lumped capacitance of the primary
and secondary windings, is the total parasitic capacitance
that occurs from the transformer winding.
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Fig. 2: Differential mode and common mode conducted
EMI propagation.
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F

Fig. 3: The equivalent circuit of the high frequency
transformer.

The voltage stress across the switching device, which
relates to conducted EMI [4], is dominated and caused by
Ciand L, as shown in Eqn.(1).

fo b (1)

' 27JL,C,

3. THE HIGH FREQUENCY TRANSFORMER WINDING
TECHNIQUES AND THE EXPERIMENT

3.1 High frequency transformer winding techniques

Three types of high frequency transformer winding
techniques are used for the flyback converter circuit in
the experiment as shown in Fig. 4. Each transformer
performs with the same Ferrite core 6H20 where the size
is ETD44. The winding techniques are different, the
conventional winding, the sandwiched winding and the
interleave winding. The demonstrations are shown in Fig.
4 (a) to (c), sequentially. The transformers is arranged
with the same air gap. The solid copper wire number is
AWG17 with 20 turns winding, while the turn ration is
equaled to 1 (Np/Ns=1).

The main different feature of the winding techniques
is the position of a primary winding and a secondary
winding. The conventional winding technique typically
places the primary winding at inside where the secondary
winding are wounded at outside. The sandwiched
winding technique places the secondary winding between
separated primary windings. For the interleaved winding
technique, the primary and the secondary winding are
alternately located shown in Fig. 4 (c).

Three types of flyback transformers used in the

/O/ Solid wire @ Primary () Secondary
1

.15 mm diameter

| | |

| | I
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(a) conventional (b) sandwiched (c) interleaved

winding technique winding technique winding technique

Fig. 4: Three types of winding techniques.

3.2 The experimental conditions

The experimental conditions are setup to verify the
electrical performance and conducted EMI of those
different winding techniques as shown in Table 1.

Table 1: The operating conditions of the experiment.

Conditions of the experiment

Input voltage 35 Vpc
Output Voltage 20 Vpe
Output current 1A

Switching frequency 100 kHz

TR1 Conventional Winding

Type of winding TR2 Sandwiched Winding

techniques

TR3 Interleaved Winding

The value of a leakage inductance from the three
transformers TR1, TR2, and TR3 are measured. The
measured results equal to 4.45puH, 1.7 pH and 1.8 pH,
respectively.

4. THE EXPERIMENAL RESULTS

4.1 The results of the voltage stress across switch and
the ringing of the circuit

The experimental results, shown in Figs. 5 — 7, verify
that the conventional winding technique is the highest
peak of voltage stress (Vps), equal to 120V. While, the
peak of voltage stress of sandwiched and interleaved
winding techniques are equal to 91V and 96.8 V,
respectively.
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Fig. 6: Voltage stress of sandwiched winding technique.
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Fig. 7: Voltage stress of interleaved winding technique

The ringing frequency (f;) of the sandwiched winding
technique is highest around 9 MHz while the
conventional winding technique is lowest at 6.25 MHz.
The ringing frequency, f,, can be predicted by Eqn. (1).
The comparison between calculated results and measured
results are proved. For instance, conventional winding
technique, 4.5 pH leakage inductance, results the lowest
ringing frequency, 6.5 MHz. The sandwiched winding
technique results the highest ringing frequency, 9 MHz,
due to the smallest leakage inductance, 1.7 pH. The time
domain, as shown in Figs. 5 — 7, can be analyzed and
transformed using Fast Fourier Transform (FFT) in
MATLAB program.
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The frequency domains, shown in Figs. 8 — 10,
support the conducted EMI results as shown in Fig. 12.
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Fig.8: TR1: FFT of conventional

) winding
technique
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Fig. 9: TR2: FFT of sandwiched winding technique
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Fig. 10: TR3: FFT of interleave winding technique

4.2 The results of Conducted EMI

The conducted EMI measurement is setup as shown in
Fig. 11. The CISPR22 class B standard is taken as a
reference line which considers the frequency between 150
kHz to 30 MHz. The measured conducted EMI, as shown
in Fig. 12, indicates that the second peak of conducted
EMI for each winding techniques is correspondent with the
ringing frequency of voltage stress (Vps). For example, the
second peak of conducted EMI of conventional winding
technique, shown in Fig. 12, is 6.25 MHz which nearly
equals to ringing frequency as shown in Fig. 5 and Fig. 8.
The second peak of conducted EMI, from low to high



frequency, is generated by ringing frequency of
conventional, sandwiched and interleaved winding
techniques as shown in Fig. 12. The second peak of those
techniques result EMI level about 82 dBuV. The
conventional winding technique, high leakage inductance,
not only provides the lowest second peak response, but
also results a higher EMI peak level at 91 dBuV which is 3
dBpV and 8 dBuV greater than those of sandwiched and
interleaved winding techniques, respectively. Moreover,
the first peak is identical appeared at all types of winding
techniques because of a self resonant freqeuncy (SRF) of
the flyback converter.

LISN
AC EMCO =
Input | yjogel 381022 ‘
EMI Receiver
Agilent

E7401A

Flyback |Load
Converter
Circuit

I+

Fig. 11: EMI emission measurement setup
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Fi1g. L2: Comparison of Conducted EMI emission of
three types of winding technique.

4.3 The Efficiency

The efficiency of flyback converter is calculated by
measured both input power and output power. The
power is investigated by measured current, using current
probe, multiplied by measured input voltage. The
measured results are presented in Table 2. The
conventional winding technique has the lowest
efficiency at 80% and the others have similar efficiency
at 85%. The sandwiched winding technique results the
lowest voltage stress while the conventional winding
technique results the highest voltage stress across
MOSFET as shown in Table 2.

Table 2: Comparison of electrical characteristic of
each winding technique by the experiment.

Pi, Pout Pioss n Vbs Ringing
W) W) W) | (%) | vmw | Frequency
TR1 25 20 5 80 120V 6.25 MHz
TR2 23 20 3 86 91V 9 MHz
TR3 23.5 20 3.5 85 96.8V 8 MHz
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5. CONCLUSION

The comparison between electrical performance and
conducted EMI on those high frequency winding
techniques are mentioned. The sandwiched and the
interleaved winding techniques that are more complicated
method of winding techniques can competently decrease
the leakage inductance and the voltage stress. Although, the
efficiency of the flyback converter circuit is obviously
increased, it only has a little effect to the conducted EMI
reduction. With the complicated winding techniques, the
experiment proving that it is not only effect to shift the peak
of conducted EMI but also effect to slightly reducing the
EMI magnitude. The peak of conducted EMI conventional
winding technique is appearing at the lowest frequency and
the sandwiched winding technique has the highest
frequency. However, the different among all mentioned
techniques can be only observed at the frequency beyond
3MHz. The frequency range of conducted EMI beyond 3
MHz, almost affected from the common mode propagation
and normally caused by parasitic capacitance [5-6]. The
analysis of FFT on ringing waveform confirmed the EMI
results.

Although, the complicated winding techniques have the
better efficiency improvement and voltage stress reduction,
they can not expect to reduce the peak of conducted EMI
emission.
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