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Abstract

In this paper, we analyze the effects of parasitic components of common-mode choke on the common mode and differential mode
in a wide band, and we propose a simple method for high-frequency modeling. Common mode and differential mode 2-port networks
were configured and the S-parameters in each mode were measured using a network analyzer. Equivalent circuit elements were extracted
from the measured results to model a high-frequency equivalent circuit, and the validity was verified by comparing the measured
S-parameters with the simulation results.
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Table 1. Configuration of CMC.
CMC model Model-1 Model-2
(model No.) (744823333) (7448258022)
L (10 kHz) 33 mH 2.2 mH
DC resistance 60 mQ 14 mQ

Network Analyzer JH]E ©]-§3t] S-parameters =7 3}
ATh CMCE| F3 540 7MY T3 24+ A7)

3% F3}4(Self Resonance Frequency: SRF)E & 9

o 79 omw 9o T2 A 7] WA= 7]

T e

}0% SRF 5/J= 7FAI™, SRF o]l

- U= o
< 343 57 Rd S %%6}71 8 M = SRFEL &
w3 ¥ FoF AR SHo| Thsdtelok gtk £
=l A= AgilentA+2] Network Analyzer E5071CE ]
st 7 Y| Fui A SA s Aule 34
F3h W91 300 kHz~20 GHzQIEl, S48 7 Ed o]
SRF7} 700 kHz ©1/¢0]7] Wiell CMC9] ZF3F §4 &
Aol &8 4 Utk 300 kHz ©lske] Fub o9&
AFe Rd= % Ao, 10 kHzol A 573 9"
28 A QRO wugE £ 9
CMCe] A<
El 2] (1) o]&3h

FZ3817] Y3l S4 3 S-parameter = 5
of JHJAHAE Absl FA 815t

o 1+501,1)
Zin =27 5(1,0) (1)
CMCe] A%, T39] JEE2g 714 AAE 2 9

of o] WAR EA &A% el e) ARA| £4
S5 @ sealo} Bk

21 BE2E 54

1% 2& CMCY] 5%
port 3| Z o]t} 3] E ]
Zz% /\]-oﬂ ulzg o}‘— CMCQF groun und A
A28 Yepdth & aMCel A #A
et 54 FA ground Hol, AE F
uhet ol wisty] mol AFA ol

965



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 12, Dec. 2017.

[$(1,1)[[dB]

50Q

IS2,1)[dB]

LI B B
IR '
P b

Model 1
J8 2. ¥55E 2port 3|2 45 T 1:'57 MDdEE:E? 20
Fig. 2. Common mode 2-port network. Frequency (MHz)
(a) S-THtrlH
B ERINE 4 ()2 ol8de FEREN o (@) & parameter
IHZH s 718 ARAER(C, ) AL, SR, & (o]
AYOENH (8 BANL €, E B2 5 7
ataith o84
I8 3= TELEGAN 243 2 299 | 5(1,1)] SOEaj _________
7 S(2,1)1 &, 29 3b)e 2 ()& ol8ated Axe 7 TR e
wue] JAYTAL 7V = ROV jx VS gk 7 o0 " ____________________________________________ =
O] ‘:}‘ -5.0E3€ Xg'LM Model 1
29o] 2= AFE2 ol9|E T A hAHE | e
A A AR Qste] H3A e Fohol 4 2]
Frequency (MHz)
FAlo] AR AL 1Y 3b)d XM oBNE HolT R ERELCES
4 itk Bd-13} Bé29] SRF= 247} £ =726 kHz (b) Input impedance
3 £ =7165 kHzol Tk 77 3. FERE 54
Fig. 3. Common mode characteristics.
22 AlsR2E EN
1Y 45 OMCY AFRE 54& 43 918 2-port ne O L o
3| Zgoltt. .
I9 5@ AHFRIddA zZb 2 o [S(1,1)] # port #1 port #2 500
| 5(2,1)] & veRATE 28 5y A () ol&ahed A .
5 olglolslel ~ »DM_ DM DM, Neutral O v O
Ak Zb 2d ) Al 70 = ROV X 3 L 2
L]—ﬂ-‘;ﬂ_ 7)‘10]1'4' Ground O O
AFRES A BERESLRVAZ M AN oy e ey
Aol 93k A7l Aol L}E}L}q’ lﬂib} Z}EE Fig. 4. Differential mode 2-port network.
271 &

i

i%% bl M. U‘é lJJr 32 54 ¥
2d-29] AFRE SRFE 247 051 =14.46 MHz3%} A= CMCE 7
foy % =1551 MHzo|th. AFRER 43t 442 sallof gk

RE o494 I 245

e T I Alole] ARAE AR

O_uo

966

R to



0
= S(1,1)
1 ] -3
_ 10 =
= E —6 ™
g =
= 155 =
~~ - T =
= E ' o 3
S s(21) 2
& 20 -2
E o =12
25 Model 1
i [E— Model 2
20 : ‘ -15
1E6 1E7 3E7

Frequency (MHz)
(a) S-z+ehvlE
(a) S-parameter

[Q]
8000

Model 1

oY) [0 — Model 2

4000—

2000—

-2000—

-4000

I
1E6

Frequency (MHz)
BEEREREE
(b) Input impedance
a8 5. AFRE 54

Fig. 5. Differential mode characteristics.
. cMCo 3ot 2Ely

19 6@ 19 6(b)= 2t AFak o A S o)
19 REEE Bl Aot

CMCE 7/ddh= 249 AZNY- A L, 7 7Y
¥ AGAT k, AN B st A8 &4 R, T
goll WA= 71N E L ¢, T3 Fote) A4
Al &4 R, 5& £ Sith 047101] T 3Y Aol
A ok ZWIZ*O A wgar] 3 714 AsAE
2 C‘;% F71sh T
s EEE SRFZE 27] wfel], 34 o] 2
g G A= 718 AR LY G FAIS Q

»u}

)

Hin} —lN

rt
ro

o
1o

o
Blauke] 3|22 §|4o] 7psait) v ZERT
= thek 720 kHzo) 7, Network Analyzere] 274 33

&
nia

J&

3 4
flo S——

(a) AFo 29
(a) Low frequency modeling

o=

|
1T
o

pu—
O+

ow

(b 275t 7
(b) High frequency modeling
% 6. CMCe] 57132
Fig. 6. Equivalent circuit of CM choke.

171 300 kHz o]gel7] wze] 714 AN 2] JF
< FAE F S AER S8 Bt FagdA 34
ok K] offk webA 2] Y- A L, 0l 7
LCR MeterE ©|-&-3te] S35tk & AAgRE9 <l
Y¥2X L)% LCR Meterg ©]-8-3t] S4 8137, Network
Analyzer®] 574 AH#ERHE FZE3 L), HlaLsAth

Z Aol = SinstekA}2] Autoranging LCR Meter M4070S
o3tk

31 ASEE 3|29 QIEHEHA

AERE 32 FAANE F 7Y A&o] MR
7] Wil FAE] §le o] Al Agele 2l
gel 27} 00] ok 2y AA CMCAM & AERE 2
B A2 98l A4 v A&5E 72 Ao AFRE
o] SRFETH AA A ¥ FagolA s AHHAIH 29

Qe FAEL, QY PE2t AGE s AFHO
2 wHaty 2 5 o web AFRENEY 9
AAH22YE AERE 529 AYHA [, S T

4 ) og3tel ¥ &tk

967



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 28, no. 12, Dec. 2017.

B2 54 Wd nE 1, v

Table 2. Comparison of Z,, by measurement method.

Model - 1 Model - 2
Network analyzer | 7.22 uH (400 kHz) | 5.15 uH (400 kHz)
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