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ABSTRACT: The effects of both electric energy storage and
common-mode(CM) Electro Magnetic Interference(EMI) noise
emission of high-frequency transformer are analyzed
considering the voltage distribution in transformer windings.
One-port terminal capacitance is used to present the electric
energy storage behaviors, while two-port network transfer
capacitance is used to present the CM EMI noise behaviors.
The calculation methods are also proposed for the two
capacitances. Based on this understanding, a new transformer
model is built which can describe both the electric energy
storage and CM EMI noise behaviors of a transformer in one
model. The model can also explain the CM EMI noise
mechanism clearly and rationally. Finally, the experiment and
simulation verify the theoretical analysis and the model.

KEY WORDS: high-frequency transformer; stray capacitance;
modeling; CM noise
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Fig. 1 Present transformer model
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Fig. 2 One port parameter-energy effective capacitance Cg
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Fig. 3 Two kinds of capacitance characteristics of
transformer in Flyback converter
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Fig. 4 CM terminal effective cap. Calculation
based on charge
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Fig. 5 New transformer capacitance model




124 OE B AL

T £ % 527 3

— AN FIE R A Crs, X 3 NMEASHIFA L
BRI Cps 73 0 =55 53, RICps1=Cps2=Cps3=
Cpe/3, FIIXIX 3 MM SHOEAT vl 5, LA
AT LA [ B 2 08 7% s 388 A7k B ot R S AR gt 2 400 1)
(1) PR 2

SR 7S AR ARG 2 wigFl 3 i PR AN L
3 Uiy N AR R 2% 1 R LR TS 5 e w1 B
LR H BRI NI 2R, AR 25 00 JRUn i A (PR AR AR )
R 0 i (P A AR A0 ] PR FL A 2 Al e M
IR ZLISNARHE S0QHLBH (1) LA 2, 2% 18 31| e iy
TANASCE D, MR 25 7] DLZBS AN, R IRl
P g A SR AR IR 1T 2 i N I SR ARE g
28 W30 0] M 53 A HL 7 C b B IR %, M 28— AR
s, BRI I 320 0 7 AT T DA 5 R0 1) i A
IR R Up/2.

H R 2 3 A 280 HL 25 Ce M LA 2 HL 25 Co I
BN, M A SE T R T R AL U2, A
e 248 B2 R 220 ) A7 1) R B

%Cﬂﬁ:%cm¢%—%§f+§qwm—%pz

H 5 AT TR I R R DA RCR AR e X,
Sl HAFBICe=Co/12, B AT A LR 513

3Cy +3C,, =Co (7)

Y L 5 B A iy s, EA AL S
JA2 PR HASE et P AT I, s R 2 ) D PR o
A LATHRAR 3]

Up
Caly =Couly + Cpa

P B OB A MECo=Co/2 i N EAAZ:
2Cpsl + Cps3 = C0 (8)
VRIS, AR IR s A L e
1 1 1 U
ECEUS = Ecpsl (U P )2 + ECpS3 (7‘))2
W 3y 17 28 H. 25 Ce=Cof3 i A1 2]
12C,, +3C,,; = 4C,
ﬂ%jﬁ(?) ’ (8)$D (9)’?%!£]Jcp517 Cpszﬁncpﬁm@y‘j :
Cpsl = CO /6
Cpsz = CO /6

CpsS = 2C0 /3
4 TER[FRENEEE X

OB AL (22 s e LAY, (8] 6 Ao HH AR T
& N R R S R ) T BN I O, e

)

Cps1 FlI Cpsa 1 FLATT 43 2 CoUp/6 il 2CoUp/3, X
3 HiAar Z FICoUp/2 IR ANAR IS K RITA G4, T
N JS 32 R G 0 ) FLAE A CoUp/3,  ER TSR f v
Af 3 A1 AT DA - 1R 3R s 8 D B R ) e AT 2R
(Vo] 1) J52 320 IR 5 A 4 S 2R ] 380 o e s ) sy L A6 i
iz, BRI CoUp/6 i 1 I I SE 4L e I v s AR FE
Prd R [P G2 i3 MNAR Hs 5 N UL Tt 220 0 I 32 P
A (195341 0 AE B, A0 B R )32 T f A P 3
A AN RN, A7 L B
Ay L2 AR Hs 25 PR A B PR U Sl I8 e, TR Fe A v
S R HABE FL RN T s A2 T P AR 5 HL

El6 MEEARBRESM

Fig. 6 Charge distribution in new model
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Fig. 7 Simulation circuit of new model
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Fig. 8 Results of simulation and measurement
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