19954 4R BFILeH

WMN95-32A-4-7

szjol= 3

XEE E32% AR B4R

wol= Heje] AA 1

57

u) EX

o}
-

S0l Bt A+

.1

(A study on the design and properties of
ferrite chip noise filter)

ES

M

& R &

& BCHE

(Chang Ho Lee, Wang Sup Kim, and Kyung Yong Kim)

2 o

LAY AZFTAHL 717 HigolE ] xo]=
23] "Eo 54E ARSI
Fr4E 7Rl
wEh  ofeirkx] R A

A=

= A 57

g3t el

& 71 BEel Tl JhsEe U

qe g

25 ]
A4 Ni-Zn slzolEA 242
¥g Azstn 2ol o wﬂsﬂr 2428 viw g A5 e
1€ #skilA A
RN E Y5 Are Ak mekA ogeu E48 gk Pl

2 g

il

3} Ag

= A7HA AA ek
AFE AHEste] 838F A
d30] 7Hd A Zlow
Z% deje] SAzIeF 3ol o3t ALk

EyelZo] sHssigon did 54

2 d

)= jﬂb]

- &

].l‘

Abstract

Three models for the transformation of ferrite chip noise filter that has jagged type of

electrode into cylinderical ferrite bead filter were presented.
also calculated based on the proposed models.

The properties of filters were

The measured properties of ferrite chip noise

filter with jagged-type electrode fabricated with Ag electrode and Ni-Zn ferrite revealed that

the model 3 was the best one to describe the behavior of filters.

In particular, the calculated

values of model 3 agreed well with measured ones as functions of electrode patterns and chip

thickness.

The present study showed that the properties of filters could be designed by

theoretical models and fabricated with required characteristics.

.M B

o] A, E A2 FvRl olF &
of & BAl B 715 wiA & Ao AL} #5 d

% AA17159) Abge] FA3] Zolua ik ol

ulz} 3 Zell= EMI(electromagnetic interference)
3 e B8 Aapslel] i3l tjze] FHle] o3|

‘3114

* B R, RERMEHETEEE Al T AlE
(Ceramic Processing center, Korea Institute of
Science and Technology)

BWEHE - 19944 7H 118

(611)

HA}7]7] el L] EMIEH’QL«E-‘: 74/‘1 ]"“]‘4
=223 RS I Pl o
(filter)7} 52 A& 5 glch !V

Hel= weol|zg AAshe AT dided w2}
Low pass filter, High pass filter, Band pass
filter. Band reject filter® &R/} Hzloled
MEZ A3 szl E vl= Hel= 434l Bl A}
4=y AlzAe2Nee] B9 HALE AAlst
a9 fge] H% noise AIE HWHAIFRE 5 low
pass filter2% AH-Hc} high pass filterv £4
Falg= o)Ak} signalihg A7 He|E EdiA
7} #2 +H&El7 v} Band pass filterss 5%

Fapdde signaltt 25 A7 2 9] Fbed

ZUE




56 setolE 4 wolz BHo 4A ¥ S4o B

49| signal® THRFIA] W "Ele| Band
reject filtert 54 FI,d99 signaltt E344]7)
Hejo|r},  o]2{gk Band pass filters}
Band reject filter= UAHE]e} FdlAe] F3toz
&=L 9l

Hre] HANFEL Aubeka of=ksl xbEske) =
Aol gk, whebd AxppEed] AatEls gEE o)yt
Zaol| wrimo] EeiAlge] rFeal Aalo] A o2

A ek

L olul #HE StjellA= EMI ko2 HE] F 9
ol s bl el Azl B AT v o
wks) 4lasla glonk it sigleln wlx weje] o
b el Bl AT e B ohfel
syshelle oleigo] glo} FA A = Welm o
3t 9lis Algele.

Aefolx Q) vl "eje) B4 e s 9l
= ol kg o] @zlsh v WA
oaf ek AN Abgah= slejol =] 7]

548 dry press¥Aow AHE AZs)o] i}
'J-€1L1r AHE &= tape casting®Ao® AFEDZ
FEE deje]Eo] FxlgE AA A ARE FHlole
Yabgas o = Qloh w3 He] eyl A8
Alelan cheodgh - AL ZHA T gLy wfito
SHE1S] B8 At o)sll AAIE 7 o o)

B ol HE15Ae] Alddel] A8 Alelo]
28] FAEE tape castingdHS Fald sl
A4 slden a3 HSTAAE 7HR szl 3] v
r ogee] BAS 74]4%‘ F iz vdg A
wgk & =)o} R AEAe] ok Hzlel e # u)

zﬂj’:{s},:l'r E_/H_Q_ -4-14 3}‘03 o) u:] xﬂ &] 6} 7 tF]

Eo]

v geE

o tste] Weje] BAL Adbsla M vl
Aystgiet
0. Ay

¥oolge) AFubS Fig. 1o Yehligloh
e 88l NiO, ZnO. Fe203(d¥ wax3)
3 99.9%) 5 F.lol vEhd Ao wkA Fakel =

AEGEle] 80T e] el A xstdet.

;3 1.8 Aglelld A3 szlo) = 24
Table. 1. Experimental composition of Ni-Zn
Ferrite.
B = A (mol%)  2AZA(wW%)
2 ® N0 Zn0 FeO,  (uO
AN 1111 3445 5444 10

l Re—Milling H Cu0 I

Fressmg Mlxmg

[ Smtermgj LCostlng .—\(/)gaioc?iec

{Mecsuremerﬂ LDrymg]
T
Printing &
Lamingation
a8 1.4 ¥R
Fig. 1. Flow chart of the experimental
procedure.

Zzg #348 5C/mine] £%2 800T7HA 4523
o I e v o T L . e e R
AFA F 600kg/cre] A3stE 7lele) tjA=
(97 15mm) o2 Aasle] 920TelA 2417
278kt A Y=y AJHe 289 7}
571(2d¥- Cho-onpa Kogyo. Model UM-2-7h)E&
}\}_8-5]-01 217 Tmm. W7 3mme =7)E A =&
H(coaxial) AlH LT 7lEa)edc)

ka8 #47 poly vinyl butyral” organic
vehicle® FAWIZ B5/45wt% 7} ¥ =2 Hakgk 3
24/17F &3l3le] &l s AlFsigdo)

320mesh filters F3AA $HE E4g AAg
Zelel g AMgEsle] tape caster(¥ P.V.S Model
104) 2 Aol E sheetd A Zstgdch

Helo|E sheetd WUAH=7|Z AE F 2 .
W 400kg/cns 7St A&t A& A9
1C/min®] £E2 450T7H] &4 & 10473 #3138}
of wRRltlE: AlASE 5C/min®] %2 920°C7H
F23led 2417 A, AT 4B AEE x2ew
7Fe712 A7 Tmm, W7 3mme] 5% A#oew
7FEskdet. Dry press&433) tape casting3AoR

_i.
DN
>
rw
vy

o T o2 N
Y

612)



19954 48 BT ITE8HCH
Az 7 AEes 55y 247k
(HP85101-60007)2} Network Analyzer (HP8753
C)E A3t Fal 5MHzeld 40MHz7HA S,
S22 magnitude®t phaseE 3o
Aitatol™8 waige el w)sweldc}.
3 AF7Ae) o8 HEeE Azl 8 dA
2712 A Heglo)E sheetHol Fig.20) viehd A7}
%] 243 HFE Ag pasteS AHESt Qddsisict

() (b)

il

(c)

a7 2. 28 4374
Fig. 2. Jagged type of electrode pattern.

Ae] AS7AL Fig.29] (b)E 3143k sheet
2]aled A3t 8mm X 6mmAr) R AEF
éﬁ}‘ﬁ FAZE ok A vz gelE Axsisi. A
Az AZE FAZATN} 2783 71LS tape castingt
o2 Y AujolEY Exg-S FI7] 43 AHE
Az wo} 7k FAelH .
AEA-2 Hrlelz] 918 Gain phase/Impedance
Analyzer (HP4194A) & A1g3te] Fabg 5MHNA
40MHz7H 9] g S sl

m. Zo & 0%

1. Dry press&43 Tape casting@AHoE A%
g Helol o] Ex18 EAMAE
Hlgjo]Ee] Falg-2 #HEjo|EY A LAWUE

oAz =A] odgke  wh=c) =5 tape
casting 24l sl #M=xE A vz HYele] BEAL F

Zake] a1 wiiol dry pressFTHOE X H
glol E0] EAMs= afolr} A Sk o) o]
o] AlzmFA o] vher] wiel wtsl= sele]E £}
§9] Aole T FHoZ Y AolEY AFUE
7} M2 chEr) dfelnd HgH F ] gt A

%32 % AHB FE 4% 59

3 WE AAs) st olelyr EAE AT
% glett®

Fig.3& #AZA 2] ke 55wtz sk 3
23 W 2 F2LTE 60T, Xdé%’:‘i% 400keg/
oz AEE-E “HS’—]- dry press&32.E 600kg/cnt
o] gk oz A¥gds A5 Fued g FA8S
vehd 3ol

300 b—o

250

00000 Dry press
Tape casting

N
[=]
(=]

150

Permeability

o
o

50

LENLA S S0 N e A B A B O B 0 B B

L1 ay gl i I

Frequency (;A?-iz)
2] 3. Dry press$} tape casting process® |
23 Aelol2g) Fape] mE FAge
A

Relationship between the perme-
ability of ferrite by dry press and
tape casting process.

Fig. 3.

Dry press®3%3} tape casting®3-& AH-aj4] Al
I3 dglolre] Fuld ulE Falg 4k AEe]
A dxlst ik webdq 3ol MAA AR e}
olE2] Fulo uhPE EX8-S tape csatingEA.S
2 F33 4 gl

2. Az EelellA] f8E =
o
deto] 2 ul=des

Hel2e] g »

S seols W F
& 2l=ale] Ejal mnow slefe] £ 2jrale
= ¥8 QAahA dbre Easlns BE 54l
P Aol Aol Akl= vl el %
4o | A ool 2)a) AR =

N

by

zl-zl)\] oJ o

T

AR 1(1)011 s 78 5 Ak
HUBALLD = B« loa( G I (1)

613)



60 ol ] wolz HH A ¢ EAd #F A+

37144,

Z, . source impedance, Z;: load impedance

Z; . filter impedance

Source impedance$®} load impedance® =7+
Azxpr)71e) a2 sl gl7] ol AriEA
& ol ol o8] A=)

A5y HeplE vjze) Qlaua(z)E
=2

EES N

Z,=j % wx L

Z; =0.2 X jx wx I x (Cuy—jur) % mg" (2)

3714,

w=2 Xz x f, f:

T [ OB z]

3 wlrig] 7)o [mm]

D 9%y use 9% 2 uAdd 9AF [mm]
2 o) 153 defe]E wi= Hejo ¥
nAE W Fuke@) 9 e @
=8} Aol (=Fol: 1), W=} Y7
). HelE 2Adel #AM= S

o

N

fo r
ot
!

@7 =

el S el ASgdelr UFe] HF ¥
g el ohr] wiFol dele] BAE Aktel 9
HRlog A 7 ¢ gl ol APE
QHARNE Akshr] Sl Avl= Hejollxd 5 H]
= Fe2 w#lsle AV 2dg Az g9y &
ke Addsisdct wdell ARSI AWE L] Wiy
< Fig.29 (a)old HIE] =71+ 6.5 X 5.0 X
1.24nme )T}

1) Model 1

Fig.49 (a)v e WAL el a3oln
(b)= ()8 Y5 v==2 W a3olt} xd |
<> Heje] AFAel HIFE eyt HeolE A
7} HelEAol <d3kE vwiHch= 71 s}l Au|=E
F3og wighyl wdao|v) WHARE UEY v|==E
o Zol= (a)o] AT Hol(1,=14.4205m)} 72
s9d.om RE wl=o) WA(D)H A (D)= A
(3)9} (4)oll 2la] T3t
e AFF3H(v,) = HE
AR (axDix1)

2

I

2

® UEH vz e

_ J Ve _ [0.425%0.0125%14.4205 _
D, = \J o =\ T 14390 = 0.0411 (mm) (3)

F M

Ay AR (v,) = HE™
9’173_?‘31 (”XDzn]Xll)

QEY vl Pl

V,
Do = o = | Erite = 0.2 (mm) (4)
6.5
°~8215,|'———’
- ’
0.425 0.83 T
. 1
5.0
4 l
0.83__
Pl
4> 4
1,788 A 158245
(a)
?
Doy =0.9432
4Di1 =0.0411
I =14.4205l
cHel : om

o 4.

(b) w3t o
Fig. 4. Mode 1.

(a) Jagged type of electrode pattern

(b) Transformed cylinderical bead filter

2) Model 2

Fig.52] (b)= (a)& FAH A74(0)& 714 A
B 3Nt Ade A48 Aoz rAEled vehd
Holr},  FE Helo| B A AE Al s
A oR F& 5 gl ol HeElolEr}p AT
2 e urpPleR 352 Aol EA3)7] wffolr).
mebr] 2l 200AM%E 72 Ngdg E8iEe] HFom
FE] A2 Aol gle AetelEvkg maslde}l (b)
oA Bl FFo] AFANCt 27| wjio] BE¥gE v
= Aolof| mEER| - #HEelErl EAF}. ()
(09 vz 377 23R d4% A8 179 o

614)



1995% 4H #E¥FTREHEE

% vz delg HHgk afolct. HER UEY v
=2} Zoj= (b)EHS W% AFH|(4=7.47m)9}
oo 1Y wi= Peje] Wid 2 4 Y (5),
(6)el =&l T8t

TA® P el AF (V) = HEE Y5
Hl= Bele] W (Dl )

T
Ve L[ RBELIETA _ g (ww (5)

Ty 7

sl AgE] A Fe(v) = WE" A5 M=

5
Hejo] 97 3 (2x D> by)

Do = \’(7§i'1_» = Viﬁ%i%%ﬁ—ﬂ = 0.8076 (mm) (6)
L ] {
(a) (b)
a
Doz =0.8076
lz =7.47
LU
(c) (d)
a8 5. wd 2

(a) 84y AFT4

(b} AAtell o] 8% A=A

(o) s g4 o]

(d) w3ty 183 vjcge

Fig. b. Model 2

(a) Jagged type of electrode pattern

(b) Simulated electrode pattern

(¢) Considered rectangular hexahed-
ron ferrite filter

(d) Transformed cylinderical bead fi-
1ter.

3) Model 3
Model 32 Model 29 7Id& H&3ls 71a3E

% 32 % AW B 4% 61

ke prow 38 §asly Model 2904+ 318i=
A gk Ux] AFHEAAE KA FEAS
2] Zol& 3|3t Aot

L &

?
Doz =0.8076

TD;3 =0.0411

e m
ll3 =9.0125|
(c)

agl 6. 5403
(a) S48 A=A
(b) AlAkel] o188 A4
(c) ¥ty 453 vj=gH
Fig. 8. Model 3.
(a) Jagged type of electrode pattern
(b) Simulated electrode pattern

(¢) Transformed cylinderical bead filter.

Fig.69 (b)& ()& ¥U53Y v= dy2 w3lslr]
fls) B 25 A sl Aul= Fejolr}.  (b)
o TAR: at= AFozHE e A SAlshs =
o) B2 Zololtk (o) (b)) &% 2gHA )
=E %Y vz g2 HIRE agolnt Y53 H
=eje] Zol= (b)elld] Feidt HFZe)( 4,=9.0125m)
o} w7 U 94 A (5)9) (6)F 7 ubge
2 iyt

3. mdle) 3% 9 We) 549 Adbale} 2
=]

AN 2l 3Ss] gl A W A5l
Fig. 22] (a)sl AHels Az3le] Falpel o o
HAAE FAskct. 7o) dele] duiAag v
L. 2. 3& A83d Allela SA3 v)aste] Bt
o}

Fig. 72 AF74 (a)& 711 AHHE 9 Fuppol ot
2 Yuda A 2l 1 20 38 H4% UH ¢

(615)



62 HeolE A xolz Hejof HA 2 EA B Ay £
A~ AR $7 =47 afeint &8 Ful FAZE 0.63mms] HHeA aeEE dejelEs
el BR 1 AR SEARG o ol A A wAe s
2 #E dvee 2y 2% HUY fAE Aol
i S} Axkale] Aolr} ol HE W
govt wal 38 Al Falgt AMeie] el o] 7} 20 | T
A A% 3 2o ARE Bal dEA9] o) 20 - .
Psdt mde ANT wd F Augel 44 TS B
Ade ] g nel 7 sl S AR} 5% g
Eo] WelellA YAjsh= i 30] 7l AjlRE wgk 9 i
wdal Z& o 4 Qi é 100 |
Q
g |
350 Mode! 1 - 50 0// %EEEEEE E EEE
r o — pattern {a) (sim
*r I Zo e i G
i o
\S/ " Frequency (MHz)
o 200 -
e T a2 8. o A7 AETAe s Agee) F
g0 sl aFE AA% 243 o~
E i Fig. 8. Calculated and measured impedances
100? of the chip filters as a function of
o b frequency with three different elec-
| trode patterns.
0 s 1 L 1 1 1 . 1
0 10 20 30 40
Frequency (MHz) . . ...
'—— I 0.63mm
3% 7. AP mdE Ee Ade Puee) T —
R SR P RIE R P
Fig. 7. Calculated and measured impedances

as a function of frequency with three
different models.

Fig.82 A =717} 6.5%5.0X1.24mme] 3 A5
T7d°] Fig. 29} (a). (b), (¢) A7kl 3"ele] F
ghpel whE Juislze] AFx)e} wd 38 B Ak
T JARAE FAle ebd 2jfelct
W RSl BAIgle] i ae] Ak} A
A7t S lelelA] AR B} 2 et
iz glen] ae] 5% oldlelrl. olE BajA =
o AS7hele] Frlel mE gedae] St wd 3
22 Axbe] btk A o+ vk

Fig 9% A374€  (beln A7 0.63mm,
1.24mm, 1.78mm<%! ATE|e] ©dx mAwelr}

Fig 9ol4 2] wphgale] AAl 3le] w=ixe]r

e

HEAl Fe] dFenye e Aol gle sl
Ext wegh 2l 3o 2sf ALK sete] & wiAe)r)

o= | 1.24mm
Do—" | 1.78mm

.
-
-
. . Tt
. ..

a3 9. Mz A o e A Aol dlA s Aldel
A5l seto] 2o i

Fig. 9. Cross section of chip filter with
different thickness and simulated area
of ferrite.

(616)



19954 48 #EFLEEH Lk

FA7F 1.24mme} 1.78mm<el AGedX] U5
H=gEe] gl o] 85E Hajo| EX-R(ulEA HA)
2 FdIA AR ad=bd FA 1.24mmet 1.78
mm<e! HEe o] iz Abx= M2 FUT F
& et

Fig.102 #5974 (b)& 73 5771 0.63mm,
1.24mm, 1.78mm<l A"ee] Tl whiE 3yl
20} Bl 38 AH43led ALRE YERdAE FAl o}
epd 18lojrt

-
200 o
.07 A
a
T
£ 150
(@)
=
° -
3]
c
o}
S 100
o
Q
§ i 00000 thickness=0.63mm (exp,
AaAAsA thickness=1.24mm (exp
50 0O0oo thickness=1.78mm (exp
—— thickness=0.63mm (sim
~ — — thickness=1.24mm (sim
L =1.78mm (sim
0 L 1 ! L i 1 1 I !
0 10 20 30 40

Frequency (MHz)

a8 10. 47K oE FAE 7 A2 Faks
of W& Aikx| et £ qlHRl~

Fig. 10.Calculated and measured impedances
of the chip filters as a function of
frequency with different thickness.

Fig. 1014 547t 0.63mmY -5 FAgeie] e
wix AlZa)e} Aldkx|ele] Aol FA7E 1.24mm.
1.78mm<!  AGe|vc}t =4 el 1.24mmet
1.78mme 78] #o)7} UA] et o= & o A4t
x)2} A&z)e] zolE I g Fol7] YA Ax
oz Ry Hzpo|Ert $AZE Aol EaisbdA] A
AR R Elefol gt g o 4 ol ulehy
24y HIFAAE 7 HEAD] Axkxlel 3 ]2
AolE 7sd Eol7] s A TS HAgke] &
A& 4 5 gleh dlFe] Eed 8AY kol
P& s e Y BF A Y F
A Y 275 ARl gt

ooz HE <oje] Jedagts sial= Helel
TEE Fele] B4jo] Alibed sl &2 + e
84y AF3744 7R Adelz FEE 5 eles
il

il

B 32% AR F 4% 63

v.&#d g

LAY A4S 7l AEEE AAst g8 5
e Adshed AR BAEY] FER A5
F U gepo] sHwr%. AFFH WF F AHAIRE
60°C, A3E84-& 400kg/omoR Al&sted g 4
At}

84y AS7A4LE 7R geie] At el vl
30] 7P Mgk mdojyirt.

24y ASTAL 7P AFHE 458 v =gy
= R AgEelA Tejshs sEelEe AFew
FE 22 el Qlefo sto] 1 ®Ake] Fbedt At
g 7hrol Algiat AAl FARL Aele] zolrt
255 it

24 ASTAEE 7H AgEY 548 A5k
ez FiE] fslide AR A3, He) 7
£ AAslof gt

848 A58 7l Agee) EAAKe] Tk
sto] sk SAS 7 gEje] AAE o 7o)
7Fed& st

412

(11 Ivan G.Sarda and Willian H.Payne. “Cer-
amin EMI filters-A Review.” Ceramic Bul-
letin, vol.67, pp.737-746, 1988.

[2] vb 2A 2 WHE 4 & #2738 “zFady
EMI o] HeAZA] HAx7|A BAdo| vlx=
HA7HE: A0 298] vol.29, no.8.
pp.639-645, 1992

(3] 2 =14, 2 & g s, JAYH A A& “TF
g HAelele EMI filterazel] #jF A3
gharEels)e] ], pp.507-512,
1992

[4] o] =03, 7 <d, & &9 2 A4 “Ni-Zn
ferrie 2] Ni/Zn¥] WHElel] w2 EM] v|= g
244 oA §EELISE% vol.18. no.6,
pp.848-853, 1993

[5] A.M.Nicolson. et al.. “Measurement of the
intrinsic properties of materials by time
domain techniques.” [EEE Trans.Instrum.
Meas., vol.IM-19, pp.377-382. 1970.

[6] KY.Kim. WS Kim, H.J.Jung, and S.D. Ja-
ng. “Measurement Error Induced by Air

vol.5, no.b.

617)



64 #elolE & wolz WH HA ¢ EAd B A

Gap of Electromagnetic Wave Absorber in
the Coaxial Line Method,” Jpn.J.Appl.
Phys.. vol.31, pp.2096-2100, 1992.

(7] Alex Goldman, Modern Ferrite Technology.
Van Nostrand Reinhold, p48, 1990.

(8] o] &A=z, AWz 2] 4. # AL “Tape cas

S T N —

& B FOESR) A 28¥ A% AgE =z

F MK E(EER)

1968 549 18, 1992 29 welvjstaw A\ gFe
oAb E4f 19949 29 wedistE A wFE)
Aab 24119949 29 ~ 19949 79 Wby
AT Azba At AEAT. 199449 84
~ A AR FHATAR ATl 2
F. FUAIReF EMCHA el Alebe] HE) L-C-R
B3 Aaat,

& S WOERA) A 287 AY 3% 3x
A FFHIed T AT
A AT

(618)

£ v
ting Process% ¥4 #=F @ AH=TA wHils}
Ni-Zn Ferrite®} FxFHgol| v|xl& g3kl A3k
A" §H-8.983, vol.31, no.6.pp.595-600,
1994,

(9] b7l wight, 2uFaasl A¥7t, pp.4-23.
1985.

1993 wegist AN EFetst uhal
A dEFedd Aebed
Ale} gl



