ELECTROVAGNETI C | NTERFERENCE SUPPRESSI NG HYBRI D SHEET TECHNI CAL FI ELD The
present invention relates to a hybrid sheet for suppressing el ectromagnetic
i nt erf er anoepiroanso2aore particularly to a hybrid sheet fectasppoessong an

el ectromagneti c wave, which includes an antistatic function by a grounding
function as well as an el ectronmagnetic wave shi el di ng/ absorbi ng functi on.
BACKGROUND Recently, the use of electronic devices such as cellular phones,

di gital caﬁrmRmﬁngf@mmeﬁNghz dﬁ@PPﬁE/SFﬁ@GTﬁYBlﬁWSHEEfT

i ncreased. Also, the use of a high spee ata cable having a wrel ess

communi cation function for interoperation between the devices, and a high
speed processing function of voi EECENEYE HFYhal of high capacity, has
i ncreased. However, such an e ectroquﬂgevic has had a tendency. to be

Y

digitalized, MDA IVERIOIRIGHP A SR OrRHRPIERNRE AP ERMAAGE anpunt of
el ectronmagneti c waves accordj to.ifs use and the use environnent, thereby
causi ng PRSI GHICanes PABIHSHE AR b S B SmmSuitecmstienHEt e, A 50,
in the electrqnic. device, interference occurs.by. el ectromagnetic waves

o Bt e RGP ORI B paR et e e GO B AU LR e GO S or der to
suppress such interference.b n el ectromagneti c wave, that is,

el ect rongaﬁéwacglﬁem \gp*eeggﬁg]é&/(agmrﬁng%ncgﬁo&t ronagneti c wave shi el di ng neans
or an el ectromagneti c wave absorbi ng nmeans is disposed inside or outside of
an el ectronic device. Especially, BAduxaRogowr omagneti ¢ wave shi el di ng neans
or the el ectromagneti c wave absorbing nmeans is disposed inside or outside
of the el ect rBedentlgahe o ofsdectronic dehmeebuwbtas oathdmgthopeydigtabeamearat, ed wi t hi n
the electronic device is not enmitted to the outside, the anmount of the

el ect r onegjplatokcomputers, fah P PBA.GD divisoste hab enreased.c Alleoi theuseoofzrogher

el ectronic device through a transferring route (e.g., a wired/ wirel ess
cable) ispead ditgicaledg having a wireless communication function for interoperation between the

devices, and a high speed processing function of voice/image signal of high capacity, has
increased. However, such an electronic device has had a tendency to be digitalized,
miniaturized, and thin, and thus has emitted a large amount of electromagnetic waves
according to its use and the use environment, thereby causing interference to peripheral

15 devices of the electronic device. Also, in the electronic device, interference occurs by
electromagnetic waves emitted from other external electronic devices.

In general, in order to suppress such interference by an electromagnetic wave, that

18, electromagnetic interference (EMI), an electromagnetic wave shielding means or an
electromagnetic wave absorbing means is disposed inside or outside of an electronic

20 device. Especially, the electromagnetic wave shielding means or the electromagnetic
wave absorbing means is disposed inside or outside of the electronic device, so that the
electromagnetic wave generated within the electronic device is not emitted to the outside,
the amount of the electromagnetic wave transferred from one electronic device to another
electronic device through a transferring route (e.g., a wired/wireless cable) is minimized,

25 or the electromagnetic wave generated from an external electronic device does not reach

the inside.



or the electromagnetic wave generated from an external electronic device
does not reach the inside.As the el ectromagneti c wave shi el ding neans, a
copper plwoeoovo2sie4al um num pl ate has been conventi onal lPgTaSe@9/05¥T6eRn an

el ectromagnetic wave is incident on the surface of the el ectronagnetic wave
shi el di ng neans, sone of the el ectromagnetic wave is changed into current
on the surface of the el ectromagnetic wave shielding neans, and is emtted

al ong the surhgef dQulohfsAMSKAR shid@heRkatlhbfpddPldibs: deMlesid prtet he
el ectromagneti c wave. However, sone of the el ectrormagneti c wave cannot be

shi el dedhdybebh CorBlcBESTDFRARET | Wh¥vaMeclshtk@hshnBEc WRANS indiht BASIKESurfabé ough
the el ectronmagneti c wave shiel ding neans to adversely affect an electronic

devi ce. deapvRilréma@rtit havekigeldinmens! dotnawBe absesmighgtieRansis a certain
material, such as carbon, graphite, or sendust, dispersed in a binder

resin, hasnbetintdagtbnt blovRWarfacsofthe aldctedregdnedongnetiicldivgteanbsachs ng nmeans
can absorb only an el ectromagneti c wave having a frequency of a certain
band, buémalel alhgnisiurfike tdihec eustiel thierdnshicklivghe devicp&om thlr ough. As

descri bed above, a conventionally known el ectromagneti c wave suppressing
means hadecdétromhaggedc onvy  dibevoler,aomelod tia dermgnelghctiovawe Ghhel bdishiggldadnct i on
and an el ectromagneti c wave absorbing function, but not both of them
SUMVARY Ththeelairemagingicpraseahteldimy mrinsomhpessdsebroughde dlectrommgnefc t he
above- nenti oned problens. The present invention provides a hybrid sheet for
suppr esswage sinclding cnqaostgputisclyvdicet andicdttongadevpicot ect an el ectroni ¢ devi ce
froman el ectromagnetic wave generated fromthe outside, and can suppress
the transfer Micannkilehetherebertigmepnaionsans aherrbingtnechng & deirtaintthetcablesitchoni ¢
device to the outside. Al so, the present invention provides a thin

el 0t r onetgraehdne giaphiee, fos pensust, digpgrpessisiarundey sesind hehbeon usedsi Ndowictahi ckness

such an electromagnetic wave absorbing means can absorb only an electromagnetic wave
having a frequency of a certain band, but allows most of the electromagnetic wave to pass
through.
As described above, a conventionally known electromagnetic wave suppressing
15 means has included only one of an electromagnetic wave shielding function and an

electromagnetic wave absorbing function, but not both of them.

SUMMARY
Therefore, the present invention has been made in view of the above-mentioned

problems. The present invention provides a hybrid sheet for suppressing an

20 electromagnetic wave, which can protect an electronic device from an electromagnetic
wave generated from the outside, and can suppress the transfer of the electromagnetic
wave generated within the electronic device to the outside.  Also, the present invention
provides a thin electromagnetic interference suppressing hybrid sheet having a thickness
of about 100 um or less.

25 In accordance with an aspect of the present invention, there is provided an
electromagnetic interference suppressing hybrid sheet including: an electromagnetic wave

shielding layer containing an electro-conductive material; and an electromagnetic wave
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of about 100 mmor less. In accordance with an aspect of the present
invention, there is provided an el ectromagnetic interference suppressing
hybri d shwetoiomeBazdi ng: an el ectromagneti c wave shi el di RgTIEg@w/063703 ai Ni ng
an el ectro-conductive material; and an el ectromagneti c waveabsorbi ng | ayer
containing ferrite particles, which is | am nated on one side of the

el ectromagnetic wave shielding layer. In the el ectronmagnetic interference

suppr essiieryPral e &h&ﬁﬂing%e_rﬁ{&epaam@s?%idhwfa@ﬂihaed 0RBnOfiAc 8f e of an

el ectromagnetic wave shielding layer including an el ectroconductive

mat eri al ¢le@forRlgReti¢ RERONREIHMWRNE absorbing Iayer including ferrite
particles is | am nated, thereby protecting an electronic device from an

el ect r omagnet ircthwaMetrganaicat deiféronad sippidssidneyiid huétofde: mesdnhe el ectronic
devi ce. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional view

of an el getdtwmnaneind cidé of &1 flectRMmegnstipprassiiddinbYbrer thchliegt aragdearedi ng to an
enbodi nent of the present invention. FIGs. 2 to 6 are cross-sectional views
of &l ect comtagietmatctidll &1 Electesmtanstippaessisotihy hyédnshéeg Seraicecpirdtlagist o

ot her enbodi ments of the present invention. FIGs. 7 and 7A are perspective
vi ews of lasmiwadd, ehdnebyi protettiey &l dedtramicadsvédd feom ah etccromagestis wpressi ng hybri d
sheet of the present invention. FIG 8 is a digital imge of plate-type
ferrite partital femused: dmiortduesidd eche eleegmet devieat er f er ence suppressi ng
hybrid sheet of the present invention, taken by SEM (scanning el ectron

m croscopy). FIG 9 is a MPE‘)ES&%M@B%?HE%@%E@' di ng effectiveness of

an el ectromagnetic interference suppressing sheet obtained from
Exanple 1. FIG 10 is a graph illustrating power loss in the
el ect r onBl§ndtis @ crasseedtionalndew of pp elesisomagneiip iter ferprestsuppresitgeley tridom Exanpl e

1.
10 sheet according to an embodiment of the present invention.

FIGs. 2 to 6 are cross-sectional views of electromagnetic interference suppressing hybrid

sheets according to other embodiments of the present invention.

FIGs. 7 and 7A are perspective views of a cable having the electromagnetic interference

suppressing hybrid sheet of the present invention.

15 FIG. 8 is a digital image of plate-type ferrite particles used for the electromagnetic
interference suppressing hybrid sheet of the present invention, taken by SEM

(scanning electron microscopy).

FIG. 9 is a graph illustrating the shielding effectiveness of an electromagnetic interference

suppressing hybrid sheet obtained from Example 1.

20 FIG. 10 is a graph illustrating power loss in the electromagnetic interference suppressing

hybrid sheet obtained from Example 1.

FIG. 11 is a graph illustrating magnetic permeability of the electromagnetic interference

suppressing hybrid sheet obtained from Example 1.



FIG 11 is a graph illustrating magnetic perneability of the

el ectromagnetic interference suppressing hybrid sheet obtained from Exanpl e
1. FIG 12wo=owm/gs@ph illustrati ng suppressi on of Radi at iPomANRNM3ITO3 t he
data cable applied with the el ectromagnetic interference suppressing hybrid
sheet obtained from Exanple 1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Herei nafter, enbodi nents of the present invention will be described in

detail. Acshest a%%ﬁﬁﬂﬁdﬁgtlﬁgsﬁﬂib?eswoﬁ%?RradﬂaﬂU@—Nohs‘érin kRCdaudes| @dpplicd
el ectromagnetic wave absorbing | ayer 20 containing ferrite partlcles t hat

i's lam nated Qfthemeelsdtfbenghet@Nin®rRednce FRPI&KiIng MBME skt 6bdinRd floayer 10
contai ning an el ectro-conductive material, thereby protecting an electronic

devi ce from ekgghflenagnetic interference generated fromthe inside and/or
outside thereof (see FIG 1). The sheet may be disposed in an electronic

device, in which the el trona etic wave absg& ﬂ | ayer 20 is contacted
with the outer surface DPERIGHPY OF e EXRPY he el ectromagneti c

ol et ronmgnet PERAVE" %ﬁ@hﬁw& RN ﬁ“ﬁ%"ﬁ‘ﬁﬁﬁd‘r’l&ﬁa%ﬁet ¢ wave

shi el ding |ay ted with t e out.e % sur the el ectronic

devi ce, and t‘%eSh%% B85y lr?%g%ﬁ}e RLeSTAY mv%rblsoélrl%‘i’lﬂ 1°a eerc rﬁ’da?net’lc aff'Mated on the
outer Sufl 368, Of%&fﬁ) con‘?a%lhg ‘F‘&g{% O&agt?clwgt i3 M@b&'ﬁe&'%m oftd Side §fay For - exanpl e,

when an electr gnet C wav ayer rsCeontacted™with the outer

surf ace 8Ectﬂ{?n {Gvg{?é ﬁu@ﬁ er 3990t &Jl?%%tg{éfné@%ﬁeﬁﬁ' el di ng

| ayer ter sur romagnetic wave

absor b' n@le%e%??;%}ew R e?éc%hfcgfgggg%m cﬁn%ﬁ%gﬁé A& RMAdSop de of

the el ectron e i's 1 nci {0 th romagnetic ve s di ng

layer. Habhdde éﬂ&%r'oﬂ%ﬁ&%ﬁ&e@f ﬁ@é Fmgne’!rh&s%@ﬁ’fﬁaﬁ’ﬁé’ di@?osfebl iy Im él@ét?dxﬁ'@d by

t he electronagnetlc wave shielding layer 10. Specifica

elngczj [ OMRGRRY hEwHRH ShShb@loti et AV SFe ARorMR: 16 H@DD8s E&ea&é@%h W&t ic wave
| |

surface of the electronic device, and the electromagnetic wave shielding layer 10 is
laminated on the outer surface of the electromagnetic wave absorbing layer 20, or else the
electromagnetic wave shielding layer 10 is contacted with the outer surface of the

15 electronic device, and the electromagnetic wave absorbing layer 20 is laminated on the
outer surface of the electromagnetic wave shielding layer 10.

For example, when an electromagnetic wave absorbing layer 20 is contacted with

the outer surface of an electronic device, and an electromagnetic wave shielding layer 10
is laminated on the outer surface of the electromagnetic wave absorbing layer 20, an

20 electromagnetic wave generated from the outside of the electronic device is incident to the
electromagnetic wave shielding layer. Herein, the incident electromagnetic wave may be
first shielded by the electromagnetic wave shielding layer 10.  Specifically, the
electromagnetic wave shielding layer 10 may change the electromagnetic wave incident on
the surface thereof into current, and allow the current to flow along the surface, thereby

25 preventing the electromagnetic wave from being transmitted into the electronic device.
The electromagnetic wave shielding layer 10 can shield most of the electromagnetic wave.

However, some of the incident electromagnetic wave, which is not shielded by the
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the surface thereof into current, and allow the current to flow along the
surface, thereby preventing the electromagnetic wave frombeing transmtted
i nt o t he wbeotwmsi2a devi ce. The el ectromagneti c wave shipelrdisegoloaszes 10 can
shield nost of the el ectromagneti c wave. However, sone of the incident

el ectromagneti c wave, which is not shielded by theel ectromagneti c wave
shiel ding | ayer, may pass through the el ectromagnetic wave shielding |ayer.
However, clugthdif@meQawant {pdaingtiBrinahPmiss trbudi@c RlegSRhalda¥ QRALLON, even

t hough the el ectromagneti c wave passes through the elec%ronagnetlc wave

shi el di nghitlax@nayk®, the el ectromagnetic wave passing through the

el ectromagnetic wave shielding |ayer is absorbed by the el ectromagnetic
wave absor bi ngoay@l uidikelcdfvdheibasl tedhnely Sindie presdn rveh@et, cosBEORE ¢ wave
shielding | ayer, thereby protecting the electronic device from

el ect r ontgreiciromapiiciveive passes Bpeadhf the alebtyomidietiehact sidemgnatya 10ahe
absorbing layer 20 contains ferrite particles, that is, a nagnetic nateri al
havbng htlgdtromapnetic Gapepassiaithrotigh thdietdstromb figcticevavietsRicpiiung lagéeis, fine

el ectric or magnetic dipoles are randomy distributed. Wen the

el ect r onaigneied byuwydcicteomapnetdewhvd dbsbiténd kg en 20elaparatddodresnc sidodfithdr such
electric or magnetic dipoles exist, the dipoles are aligned by

el ect r onelgetsimagnendwatd gneclbypgtliyer.i thaebie ptotestieg theortagmoetd devivem Her ei n,

di poles of the ferrite particles are aligned by mainly absorbing a nagnetic
wave por tlegronfgncheingdrécenconmagneti c wave. In the alignnent, the dipoles
resist in a desired formaccording to the el ectromagneti c wave. \Wen the

di pol es are abpagriendllpythe hiscepmegnconmgne ebsorbiag &yby2demtaosiongtepativles,

resi stance, the energy of the el ectromagnetic wave di sappears via

codler si Bat isna mageeiic materiad Havipe hedy rgagnetie petmecabilidnt r Withanbe f@riGave
absorbing | ayer 20 mainly shields the magnetic wave portion of the

el ect r onegyHeles, dingeplastricrypagnghe diales éreef@thi%ﬁhgh@tlb@e&avwh%ﬂé’l ding layer 10

is contacted with the outer. ) ) ) ) ) )
electromagnetic wave is incident to the ferrite particles in which such electric or magnetic

dipoles exist, the dipoles are aligned by electromagnetic induction by the incident
electromagnetic wave. Herein, dipoles of the ferrite particles are aligned by mainly

15 absorbing a magnetic wave portion of the electromagnetic wave. In the alignment, the
dipoles resist in a desired form according to the electromagnetic wave. When the dipoles
are aligned by the electromagnetic wave by overcoming such resistance, the energy of the
electromagnetic wave disappears via conversion into heat. It can be said that the
electromagnetic wave absorbing layer 20 mainly shields the magnetic wave portion of the

20 electromagnetic wave.

Also, when an electromagnetic wave shielding layer 10 is contacted with the outer
surface of electronic device, and an electromagnetic wave absorbing layer 20 is laminated
on the outer surface of the electromagnetic wave shielding layer 10, an electromagnetic
wave generated from the outside of the electronic device is incident to the electromagnetic

25 wave absorbing layer 20. The incident electromagnetic wave is first absorbed by the
electromagnetic wave absorbing layer 20 and then disappears through heat conversion.

Herein, even though some of the electromagnetic wave passes through the electromagnetic
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surface of electronic device, and an el ectromagneti c wave absorbi ng | ayer
20 is lam nated on the outer surface of the el ectromagnetic wave shi el di ng
| ayer 10,wanoslmesiziomagneti ¢ wave generated from the outrsirds2ab/osiTes

el ectronic device is incident to the el ectromagneti c wave absorbi ng | ayer
20. The incident electromagnetic wave is first absorbed by the

el ectromagneti ¢ wave absorbing | ayer 20 and then di sappears through heat

conver si QRve 4IRbBikh la§MehelNRUBMaS IR Wivelagsig) ﬁ%dgﬁr@?&%hiagnémw@aveasses
t hrough the el ectronagneti cwave absorbi ng | ayer, the el ectromagnetic wave

passing Mﬂbﬂﬂﬂ%h?&ﬂﬁ%f&?&ﬁﬂ@ﬂh&ﬂﬂﬁﬂ@ﬁ&ﬁ&ﬁﬁ@h@ﬁn&ﬂk@ﬁv&ﬁynB?t@ﬁitt?d to the
out si de through current conversion by the el ectromagneti c wave shi el di ng

| ayer 10clb@rdmainede @avositclgindeayet 10 eniah@e bh @aBge bF thevwidtaoahsmdtli ng | ayer.
As descri bed above, an el ectromagnetic interference suppressing sheet 1

(see Fl Gyale dBofhinglagar ding to the present invention includes both an
el ectromagneti c wave shielding |ayer 10 containing an el ectro-conductive
mat éri al , andAaderlibed stwvegiedé@ronmgactadibsferdige bapreess@ shontlabed FgG.ferrite
particles. Accordingly, it is possible to shield and absorb an
el ect r omhgn@X dccondingeto glen@e sine chventdom anludxd etinah cldetvoraggnetibmahe slsclding
transmtted into an electronic device, as well as an el ectromagnetic wave
gener at ekyér dheanbeening si diectob-cofdiceveniatenial, and ev eleetromignehic wavenmi tted to the
outside, thereby protecting the electronic device fromthe el ectromagnetic
wave. Acdopdimglayer 2ncoatdbodg ferite witiclee presemgly nvemosoble tashisdend in FI G
1, an electromagnetic interference suppressing hybrid sheet 1 includes an
el ect r onslyyndy drceloginoanaghited Wivigednasaead (1@m andxigmad ledes, ovagne tiagsgiee
absorbing layer 20. The el ectromagnetic wave shielding |ayer 10 includes an
el 0t r o- Bemaueletianiqreevaqd as welbrambrleeiranagnhc whee gensraterhiomtthe wmsiggoér i al
i nclude, but are not limted to, Al, Cu, N, Ag, Au, anorphous netal all oy,
Ni - Fe al theyleciranigjdexise.ayhiglyis quaited tohe gnisisy, thrgsby grotegtmgyhe dectrogiaal | oy,
etc. According to the kind of such an el ectro-conductive materi al,

device from the electromagnetic wave.

According to an embodiment of the present invention, as shown in FIG. 1, an
electromagnetic interference suppressing hybrid sheet 1 includes an electromagnetic wave
15 shielding layer 10 and an electromagnetic wave absorbing layer 20.
The electromagnetic wave shielding layer 10 includes an electro-conductive
material. Examples of the electro-conductive material include, but are not limited to, Al,
Cu, Ni, Ag, Au, amorphous metal alloy, Ni-Fe alloy, Fe-Ni-Mo alloy, Fe-Si-Al alloy, Fe-
Si alloy, Fe-Co alloy, etc. According to the kind of such an electro-conductive material,
20 the volume resistivity of the electromagnetic wave shielding layer may be adjusted within
a range of about 0.02 to 1x1012 Q-cm. Therefore, it is possible to apply the hybrid sheet
of the present invention to various electronic devices.
The thickness of such an electromagnetic wave shielding layer 10 may be adjusted
according to an electronic device and a portion where a final electromagnetic interference
25 suppressing hybrid sheet is applied, and is not particularly limited. In the present
invention, on a thin electromagnetic wave shielding layer having a thickness of about 5

um, even if some of an incident electromagnetic wave passes through the electromagnetic
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the volune resistivity of the electromagnetic wave shielding | ayer may be
adjusted within a range of about 0.02 to 1x1012 Wcm Therefore, it is
possi bl e wo 2appi2g02the hybri d sheet of the present i nvenPCoUSE@INSTTNOUS

el ectroni c devices. The thickness of such an el ectromagnetic wave shi el di ng
| ayer 10 may be adjusted according to an el ectronic device and a portion
where a final electronmagnetic interference suppressing hybrid sheet is

appl i ed, waRdsHi&dim gtlay%arthé g@&t@ddl%?nbtlé%e@paskmgttmu@i RN b AMBMHcQaveON @
thin electronagne i ¢ wave shielding | ayer having a thickness of about 5 nmm

even if §9ABiInGfla@h MafWedBMrb&l BEhn SBRENBIdnetiNAVEe PRSARSy fahE0ikiink b8

el ectromagneti cwave shiel ding layer, the electronagnetlc wave passing

through éhesi@d eche oRBESBRIdetIvAMEe STt [Bg:r] ByRby PRitcdtingahsichesicby an
el ectromagneti ¢ wave absorbing | ayer existing on one side of the

el ect r ong@het firem \WaveeGtonelgdbti@whay erAccohiitietyanntiodrhémef @ ebgat roni ¢
device fromthe el ectromagneti c wave. According to an enbodi nent of the
present inRu&idni, thie,thickeest bf tkressovhgidie velve shichlimglagtd mayey @ithini eladigang

| ayer may be within a range of about 7 to about 20 mm 1In the

el ect r onaftpbetit ¢td atioat 2@pence suppressing sheet 1 of the present invention
the el ectronmagneti c wave absorbing | ayer 20 includes ferrite particles in
order to absohithanleefrembgreagret¢renciesupp@eing dreel of tht ptasetthevamabn.ener gy.
The ferrite particles are magnetic oxides, and are classified into hard
ferrite twmdlestobmagmticivaychpsdarbioidayendhetdudss fariteeparteries inlonddr he alprodsant
invention, soft ferrite, of which nmagnetic property can be easily changed
by an extle¢trrahaghgide wevg andgconvert rdg Hhstmal dricedyd) , is preferably used.
Exanpl es of the ferrite particles include, but are not |limted to, N -Zn
badBd ferriteThafertite perisdes arempgnasic oviylezand aseelagsifiadiinte, hard fqmtezaﬁdbas ed
ferrite, etc. According to an enbodi nent of the present invention,

absor bi nipakerite &y thanmgerativelisResréchay In§e arcsens guvsasgn.isafi detsite, @5@’@#011100 KHz

to about 1 GHz, M1-Zn based ferrite may be used.
magnetic property can be easily changed by an external factor (e.g., a magnetic field), is

preferably used.
Examples of the ferrite particles include, but are not limited to, Ni-Zn based ferrite,
15 Mn-Zn based ferrite, Mg-Zn based ferrite, Ni-Mn-Zn based ferrite, etc. According to an
embodiment of the present invention, in absorbing an electromagnetic wave having a
frequency band of about 100 KHz to about 1 GHz, Mn-Zn based ferrite may be used.
Also, according to another embodiment of the present invention, in absorbing an
electromagnetic wave having a frequency band of about 100 KHz to about 5 GHz, Ni-Zn
20 based ferrite may be used. Also, according to a further embodiment of the present
invention, in absorbing an electromagnetic wave having a frequency band of about 300
KHz to about 2 GHz, Mg-Zn based ferrite may be used.
Also, according to an embodiment of the present invention, ferrite particles
represented by the following Formula 1 may be used, and an additive may be further

25 included in such ferrite particles.

[Formula 1]
Mn,Zn,Fe, 04 (x+y+z = 3)
7



Al so, according to another enbodi nent of the present invention, in
absorbi ng an el ectromagneti c wave having a frequency band of about 100 KHz
t o about WOGH/028824Zn based ferrite nmay be used. Al so, &Ctarsdioaysizo3 a
further enbodi nent of the present invention, in absorbing an

el ectromagneti ¢ wave having a frequency band of about 300 KHz to about 2
GHz, My-Zn based ferrite may be used. Al so, according to an enbodi nent of

the present i ms%nadcefamg %rafnbﬂl%r %B&dlﬁieﬁtsofftﬁ@ﬁ%&mﬁfénﬁ&n tfaaté diaw ng
Formula 1 may be used, and an additive may be further included in such

ferrite RArdsb@b&By ﬂ{el%@ndswing FhlmMXZnyy82 (¥ d( XidyanzadditBleAhS0be ReGer ding to
anot her enbodi nent of the present invention, ferrite particles represented

by the f@kh@mﬁﬁngp@ﬁu&amguaay be used, and an additive may be further
included in such ferrite particles. [Fornula 2] MyLxZnxFe2O4 (0<x<0.9)

Al so, accordlﬁﬂ)to a urther enbodi nent of the present invention, ferrite
particles rep by the following Fornula 3 may be used, and an

addi.itive may be further inclyded i uch ferri particles. [Formula 3]
NII%XZHXFGZO 4 (0£x<O. 9) Ex&%%ﬂggd%?afhe a3@$%§¢%9 may include, but are not
limted to, aIt QXi con ox- de The, shape e ferrite
part| cles is ngs CP{ Htlﬁﬁo ¥ urt ef%ﬂ?OdameIH tthe%r &Fh nlVe |1°sn gel’% eaqamctlifpe shape

a neeg}pﬁesa%&?gnlaeqsnoﬁgfngt A2AGasbe b L8 16y @a&%&ﬁaﬂ € s anot her

ha e (fo i cal shap tea ype shape or a
needl €~ {ikfided in such ferrite particles.

[Formula 3]
10 NijxZnsFe,04 (0<x<0.9)
Examples of the additive may include, but are not limited to, cobalt oxide, silicon
oxide, etc.
The shape of the ferrite particles is not particularly limited, but preferably is a
plate-type shape or a needle-like shape. If the shape of the ferrite particles is another
15 shape (for example, a spherical shape), instead of a plate-type shape or a needle-like
shape, the magnetic permeability of the ferrite particles with a thickness(diameter) of
about 100 um or less is reduced, and thus a frequency band where the ferrite particles can
be applied is limited.  Also, such ferrite particles may have rapidly reduced absorbance
efficiency at a high frequency band. According to an embodiment of the present
20 invention, plate-type or needle-like ferrite particles having magnetic permeability within a
range of about 40 to 400 may be used. According to another embodiment of the present
invention, plate-type or needle-like ferrite particles having magnetic permeability within a
range of about 30 to 50 may be used.
The thickness (length of a vertical section with respect to a longitudinal direction)
25 of the plate-type or needle-like ferrite particles is within a range of about 2 to about 10

um, preferably of about 5 to about 7 um. If the thickness of the ferrite particles is less



shape, the magnetic perneability of the ferrite particles with a

t hi ckness(di anmeter) of about 100 mmor less is reduced, and thus a
frequencywbanth/ozkene the ferrite particles can be appli edTits2000053768. Al so,
such ferrite particles may have rapidly reduced absorbance efficiency at a
hi gh frequency band. According to an enbodi nent of the present invention,
pl ate-type or needle-like ferrite particles having magnetic perneability

W thi n amhREBsutOf L ANP K AR Ul G HRPardBY.d RendS 8 feARE pAELRY t OnARAIhEr
enbodi nent of the present invention, plate-type or needle-like ferrite

parti cl epandaMitROthitka BRLdfehdPR B pRiticick Ys Wkttt thaR abRNI6 1@, tROGHsitpBf 40 50 may
be used. The thickness (length of a vertical section with respect to a

| ongi t udfemiade 18}iek Bl beRYdUREd, tthech) adeadib@en Blectigtaingtit iWkee higoriiage particles
is within a range of about 2 to about 10 mm preferably of about 5 to about

7 mm | f ploberty. hi DkdweBe plhatd-type betidedicelikpafctrite pasicics hh@iag ki tbddess2arm i t
is difficult to prepare and handle the ferrite particles. On the other
hand, i feltdieorhdpneinease aisoibig fagém dah dapad thic tieskniess, ghddiuett it pasibdbout 10
mm the density of a ferrite |ayer nmay be reduced, thereby degrading an

el ect r onfapyriedte e finaveealvsorghetginpat fapaict yuptesingtyblieé sidcahaviby pehior

needl e-li ke ferrite particles having such a thickness, an el ectromagnetic
wave abstmdkinegy. | ayer can have a thin thickness, and thus it is possible to
fabricate a final electromagnetic interference suppressing hybrid sheet
havi ng a t hi nAtshi mkthepkitc-#bs or néadlct-hies fotratt pattigips, the langthddier longieidimalri t e
particles, the length of a longitudinal direction is within a range of
about 30direstighauwithio® remge qfradpel Holoyabott WHoum, profecrablyabicabousd) terabont8G he

l ength of the ferrite particles is |ess than about 30 nm magnetic
perlgreabi it y linthy langthy efcthe &ritetnasticdesyis fasglthen ahowtdorni megnstie poimaahddy On t he
other hand, if the length of the ferrite particles is greater than about
100 nm MRE berrgeed thaselypedygmgelponung eIfiBdnefue Qrbthslogtetf hebdisthe Accor di ng

to an enbodi nent of the present inventjon, in the plate-type or needlelike
length of the ferrite particles is greater than about 100 um, the magnetic property may be

reduced due to brittleness.
According to an embodiment of the present invention, in the plate-type or needle-
15 like ferrite particles, the ratio of the length of a longitudinal direction to the thickness may
be within a range of about 7 to about 12 pm.
The plate-type or needle-like ferrite particles may be prepared by various methods.
According to an embodiment of the present invention, the plate-type or needle-like
ferrite particles may be prepared by the steps of: a) mixing iron oxide with metal oxide for
20 forming ferrite; b) first sintering the mixture to obtain first sintered material; ¢) first
mechanically grinding the first sintered material into ferrite fine powder; d) preparing
dispersion solution by dispersing the ferrite fine powder in a solution including a binder
resin dissolved in a solvent; ¢) coating the dispersion solution on the surface of a release
film, and drying to form a coating layer, then detaching the coating layer from the surface
25 of the release film; f) second sintering the detached coating layer to obtain second sintered

material; and g) second mechanically grinding the second sintered material.



ferrite particles, the ratio of the length of a longitudinal direction to
the thickness nay be within a range of about 7 to about 12 nm The
pl at e-t ypEoaniomesathe- | i ke ferrite particles nay be prepaceadskypwssnous
met hods. According to an enbodi mrent of the present invention, the
pl ate-type or needle-like ferrite particles may be prepared by the steps
of: a) mxing iron oxide with netal oxide for formng ferrite; b) first
si ntering thepyfix: Urdh &:0doRfdah&af d4idd fos FoHhEhe thrARtLE hidod. CHebdih She
mechanically grinding the first sintered material into ferrite fine powder;
d) prepamRgodis RASHARe FatH, Wik iMa {bS BRUSH B JriRnf BN EdtlR, fsidde powder in a
solution including a binder resin dissolved in a solvent; e) coating the
di sper si paHisahly iipe@but ARy Sauli@cecled oride ehe@saedel dxide, aind oflid¢i Ng to form a
coating |l ayer, then detaching the coating |ayer fromthe surface of the
rel ease fagmdsivin) oside,andl Adbd)taebn Baditithe cobdlbedigs sitivah bride] Ay.ahaytie obt ai n
second sintered material; and g) second nmechanically grinding the second
si nter edinohided.i al . 1) First, iron oxide and netal oxide for formng ferrite
are mxed. Herein, the netal oxide for formng ferrite, which may be used
i n the presenHeteinént paficrabls tomode Ppacthanichbmixying appataak, sinhtasraayibiatich ude
ni ckel oxi de, manganese oxi de, zinc oxide, magnesium oxide, etc. Al so, as
an addi t meor xbddhmill, @xd. deas ®iUnifoonlyaxixdbe ireth oxidesyithectiahatidal ot foddengi n, it
is preferable to use a nechanical m xi ng apparatus, such as a vibration
m |l or &l | Addol the imngxidomnaghe metahpkide fidryformmgtiereitd mey boxiixa miat h net al
oxide for formng ferrite. Also, the iron oxide and the netal oxide for
formi ng $advyantte may be mixed in a solvent. The mixing ratio of the iron
oxi de and netal oxide for formng ferrite is adjusted according to
codfonent s andhpmysng etiomt dhreiren exidond metat pxide drdeiming ferAtyis agiantsile, in
Ni - Zn based ferrite, the netal oxide for forming ferrite (NGO 2ZnO, and
the i r onaRidiRg PrRepmRNCcHs andplypisehpopeiexeldthe final fgitar Feaxemple. mNI- [ f t he
mxing ratio is out of the . ) ) ) ) )

Zn based ferrite, the metal oxide for forming ferrite (NiO, ZnO), and the iron oxide

(Fe203) are preferably mixed in a molar ratio of 1:1.  If the mixing ratio is out of the
above mentioned range, the final ferrite may be insufficiently sintered or excessively

15 sintered at a predetermined sintering temperature, thereby causing a change in sintered
density and magnetic property.

2) Then, the mixture of the metal oxide for forming ferrite and the iron oxide is
first sintered to obtain a sintered material (hereinafter, referred to as ‘a first sintered
material’). Herein, the sintering temperature of the mixture (hereinafter, referred to as ‘a

20 first sintering temperature’) may be adjusted according to the kind of metal oxide for
forming ferrite and contents of the metal oxide and iron oxide, and is preferably within a
range of about 850 to about 900 °C. If the first sintering temperature is less than about
850 °C, crystallization appropriate for a full magnetic property (a spinel structure) does
not occur, thereby reducing the magnetic property, and on the other hand, if the first

25 sintering temperature is greater than about 900 °C, particles may excessively grow, and
show non-uniform particle size distribution after a grinding process, thereby reducing the

magnetic property.
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above nentioned range, the final ferrite may be insufficiently sintered or
excessively sintered at a predeterm ned sintering tenperature, thereby
causi ng awvohargesiza sintered density and magneti c propePCyY/US2009Db&n3 t he

m xture of the netal oxide for formng ferrite and the iron oxide is first
sintered to obtain a sintered material (hereinafter, referred to as 'a
first sintered material'). Herein, the sintering tenperature of the m xture

(hereinafter, 3)r"ﬁ{eeﬁrrsfegnt%&d%ﬁat'eﬁal;i& Ttk nRbRn®lal Buh& BPemadcHificdl ghRYinRe

adj usted according to the kind of netal oxide for formng ferrite and

cont ent SafardtikeroBtadh f&me%egfo%ieiﬁom@ﬁiﬂ@,of_ammiecshaafc@ﬁ? bARdMg Whpdttds @
range of about 850 to about 900 OC. |If the first sintering tenperature is

I ess t hamcRidoUut BRhdd Gmiel Y6 tadal lidiltdppiradisPd pRAE@tyEm Tl dpparatusl 4 stidggnet i
property (a spinel structure) does not occur, thereby reducing the magnetic
pr oper t ybalbmdl gipatdies, atvitgstidpamd] apphrdting el OptioRilIR ®E ifing nifpdcdt ure is
greater than about 900 OC, particles nmay excessively grow, and show

nonsuni f grimdipast the lfiestSinzeed hiatariabib i da catite bubingrsohdnt gndthracths forhtedr eby
reduci ng the magnetic property.3) The first sintered material is first
mechani critgrfogmpdwilyr mayrbe bdecal toghryingi nfhagpeasmaisusot partebladyhintiexdr i te fi ne
powder. Exanples of the nmechanically grinding apparatus include, but are
not | i m areldexamplea o did sohvent map pethateusssaria apldametacytetrihydrefopar atethy]ena
stirred ball mll apparatus, a vibrating mll| apparatus, etc. Optionally,

t he fi r schlomddahlovebrngrdimdihpomfianhide, ¥ innathyl-pyreclaidn et ¥iP) ady clohyxdme, carri ed
out in a solvent, and then, the forned ferrite fine powder nmay be subjected
t o dryi ngatelhectbyloftonkeioge,rethyl ploohole encamixpures thereofl, and exanpl es of the

sol vent may include stearic acid, acetone, tetrahydrofuran, nethylene
chllBri de, chl drBicrbeye-dommedipiriofinapewiecr iNadest iy b sQlupgn ngludenerrebipdgvp) |

cycl ohexane, water, nethyl ethyl ketone, ethyl al cohol, and m xtures

t her eof . regip dryselvap dv & selgenteandris ppiferanly idpsgers btgig agggedisaletion afdhet i on
including a binder resin dissolved in a . solvent, and .is unifornly dispersed
t o obt ai %:r%te,ﬁnﬁ@ewggq apdj the, bdes 1gain, which is a dispersion solution.  Herein, the

content of the ferrite fine powder is preferably within a range of about 300 to about 500
parts by weight, based on 100 parts by weight of the binder resin. However, the present
15 invention is not limited thereto. If the content of the ferrite fine powder is less than about
300 parts by weight, the density of a sheet may be reduced, thereby reducing the magnetic
property, and on the other hand, if the content of the ferrite fine powder is greater than
about 500 parts by weight, the mechanical strength of the sheet may be reduced.
Non-limiting examples of the binder resin that may be used in the present
20 invention include polyvinyl alcohol, acrylic resin, polyurethane, etc. Also, non-limiting
examples of the solvent include stearic acid, acetone, tetrahydrofuran, methylene chloride,
chloroform, dimethylformamide, N-methyl-2-pyrrolidone (NMP), cyclohexane, water,
methyl ethyl ketone, ethyl alcohol, and a mixture thereof.
5) Next, the mixed solution of the ferrite fine powder and the binder resin, which is
25 a dispersion solution, may be coated on the surface of a peclable release film, and may be
dried to form a coating layer. Then, the formed coating layer may be detached from the

surface of the release film.
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ferrite fine powder and the binder resin, which is a dispersion solution.
Herein, the content of the ferrite fine powder is preferably within a range
of about W8OQotom2sizeaut 500 parts by wei ght, based on 100Pppantsgooosives ght of
t he bi nder resin. However, the present invention is not limted thereto. If
the content of the ferrite fine powder is |less than about 300 parts by

wei ght, the density of a sheet may be reduced, thereby reducing the

nmagneti c propgeicih, tdicRRed e Rt doglcd Midpersidnf solRn©anhelcaQf fithe ferrite
fine powder is greater than about 500 parts by weight, the nechani cal

st r engt hpRferitl¢ witheed raiY oPfbdue U8l eeshoulNompbd. Mif ihdghiekaRPbLMe @battdie bi nder
resin that may be used In the present invention include polyvinyl alcohol,

acrylic dgiggdrsion Peludor BIBRMRan MHoht 1 ALBOtheNRIBkhds§TbE 4 KigtcRxEiTMaspDér t he

sol vent include stearic acid, acetone, tetrahydrofuran, nethylene chloride,
chl or of ongedlediikefchitt hendrrm e, thiNforRiniyd scdopy sinetindetep i AWdR) 5 uayed lelyexane,
wat er, nethyl ethyl ketone, ethyl alcohol, and a m xture thereof. 5) Next,
t he5m xethebl uéduoingahedhbgichletchitd. f imaldidonér ménit plag-fhpodeficedrslike, whi ch
is a dispersion solution, may be coated on the surface of a peel able

rel ease fartittpoanddr wily tHeebinktdr echin, ohd fernite poedart inagbd dyseyedlhedn tHeloghdror nmed
coating |layer may be detached fromthe surface of the release filmHerein,
t he t hi ckands# thod thi dkecsadtledcadicdplespstsoom ©biticniip greater thae abeltesenfthem i s
preferably within a range of about 15 to about 20 mm |If the thickness of

t he coat tuckdesspd psingercd platt-fypn or seddésbke feamtc apderial 28cmthe fallvavingbaknéss of a
sintered plate-type or needle-like ferrite material after the foll ow ng
second ssinteeng nigp st dout §0 aourtm@eandghuy the densitef eshreat edydicnrgdupedhani cal
strength. In addition, in mxing plate-type or needle-like ferrite powder
wi 1At hethiiohi eeducing the mapecticarepar®. powder may be destroyed. On the ot her
hand, if the thickness of the coated dispersiaon solution is greater than
about 20 mm IH@atipg Brriespsrsign wlwjonaartberqdease Elmypeonyentipralis@tingke ferrite
material after the follow ng second sintering step is about 10 nm or nore,
and t hu sn@}h@d&g@gpgtytb@faﬂas élétdlwtlgg, qfleempé@g,, roll coating, comma coating, or

a combination thereof, etc. may be used.
Non-limiting examples of the peelable release film include a silicone-coated
15 polyethylene film, polypropylene film, or polyethylene terephthalate (PET) film, etc.
6) The coating layer detached from the release film is sintered again to obtain a
sintered material (hereinafter, referred to as ‘a second sintering material”). Herein, a
sintering temperature (hereinafter, referred to as ‘a second sintering temperature’) is
higher than the above mentioned first sintering temperature, and is preferably within a
20 range of about 1000 to about 1300 °C. If the second sintering temperature is less than
about 1000 °C, the film is insufficiently fired, thereby reducing the magnetic property.
On the other hand, if the second sintering temperature is greater than about 1300 °C, the
film is excessively fired, and thus particle size distribution may be non-uniform after a
grinding step, thereby reducing the magnetic property.
25 7) Then, the above-obtained second sintered material may be mechanically ground

by the above mentioned mechanical grinding apparatus again.
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t hereby reducing the nagnetic property. In coating the dispersion solution
on the release film a conventional coating nethod known in the art, such
as di p coaDi2ngy028k2¢ coating, roll coating, conma coati n@CTAIS2@90637H3 nat i on
thereof, etc. may be used. Non-limting exanples of the peel able rel ease
filminclude a silicone-coated polyethylene film polypropylene film or
pol yet hyl ene terephthalate (PET) film etc. 6) The coating |ayer detached
fromthe rel eag@uph tHDASvSIALRPRLHBERER, {He f&%@pd}ﬁ@ie§hweqﬂﬁ5tu@t&r i al
(hereinafter, referred to as 'a second sintering material"). rein, a

si nt er i NgeddRIPIES shapd EpArhEEEL iinkedat F cofvRh 8688 KnewdSph@dicaespadersitdt eri ng
tenperature') is higher than the above nentioned first sintering

t enper at pHrficle@ndTlieSpl e @Yy dleydlilikbifetrige paanges iveadeiidentRPEnd Bighbout 1300
OC. If the second sintering tenperature is |ess than about 1000 OC, the

filmis magasticipeiablility f doh@dred tb@bantioed iCkndg nt paericad Retitcpapid@aerty. On
the other hand, if the second sintering tenperature is greater than about
1308 O0C, Attwdinglymthesl@xoanghatrl waviel abestbingpdrfohmsncp @i tHeqireseat meerdiont ri but i on
may be non-uniformafter a grinding step, thereby reducing the magnetic

pr oper t ymay pe Thproyed be irehaie: ioh pilatedps ec aadiislikt &red pagicdsiialn may be
mechani cal |y ground by the above nentioned nechani cal grindi ng apparatus
agai n. Theledtgimdgnetiabovealdegang bger frthcpssas invehgorf.errite particl es have

pl ate-type or needle-1ike shaped particles, instead of conventionally known
spheri cal -t yph theprdserg ipamtipe,| ths thickinesspifdbeeltgtpenagnemewdy ealispibend leyer t e
particles have high density and high magnetic perneability, conpared to
convent i mahiding theréamntegpahien ¢sgs hoff part¢ularlyplamiteds besis paefewablii abghy30 pineor

el ectronmagneti c wave absorbi ng performance of the present invention may be
i mpPovedmbie. i Ae thedirpsgnsinypntpsingoe 2 thip elestromagnitie Wavk ebsasbing dayepgven dl es i n
an el ectronmagneti c wave absorbing | ayer of the present invention. In the
present JaNftdngacideelachpeRrarais ververescs fhaey glseirormagigtie WaNS or bi ng

| ayer
y absorbing layer, the electromagnetic wave may be shielded by an electromagnetic wave

shielding layer existing on one side of the electromagnetic wave absorbing layer, thereby
protecting an electronic device from the electromagnetic wave. According to an
15 embodiment of the present invention, the thickness of the electromagnetic wave absorbing
layer may be within a range of about 30 to about 300 um. According to another
embodiment of the present invention, the thickness of the electromagnetic wave absorbing
layer may be within a range of about 30 to about 150 um.
The electromagnetic wave absorbing layer 20 of the present invention may include
20 a binder resin, besides the above mentioned ferrite particles. Herein, the content of the
ferrite particles is not particularly limited, but may be within a range of about 400 to about
800 parts by weight, based on 100 parts by weight of the binder resin.  If the content of
the ferrite particles is less than about 400 parts by weight, the density of a sheet may be
reduced, thereby reducing the magnetic property, and on the other hand, if the content of
25 the ferrite particles is greater than about 800 parts by weight, the sheet cannot be used as a

hybrid sheet due to reduced mechanical property.
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including the ferrite particles is not particularly limted, but is
preferably about 50 mmor nore. In the present invention, on a thin

el ect r omreyoavion2s@ee absorbing | ayer, even if sonme of amRCrms2aeN55703

el ectromagneti ¢ wave passes through the el ectronmagneti c wave absorbing

| ayer, the el ectromagnetic wave may be shiel ded by an el ectromagneti c wave
shielding | ayer existing on one side of the electromagneti c wave absorbi ng

llayer, therebyop@ligkE EXENAL GRCHINAR Csifl @Ydt Ry fUeQed RanebrgEfoMagnet i c
wave. According to an enbodi nent of the preseng>|nvent|on, t he thickness of

the el ectnkenReNatiLEe PAYEnFPIESHI, NGryIRYEin, FRYy &M PR (IdraRed of about 30
to about 300 mm Accordi ng to another enbodi nent of the present invention,

t he thicgmgaﬁy@ﬁe;a@‘electronagnetic wave absorbing |ayer may be within a
range of about 30 to about 150 mm The el ectromagnetic wave absorbing | ayer

20 of the pregedtscribvEabdventhoeiccirohiiisic antbifldede JuPpicksindRrilieshettieoabove
mentioned ferrite particles. Herein, the content of the ferrite particles

i's ot peeprauhtantentioh mmdedts thudlcdmyndgactid ¥ ivaubdomandey@af20adulic 400 to
about 800 parts by weight, based on 100 parts by wei ght of the binder
resin. | gletthmmapantiewhvoshitlimgflgyer i10 éarmpianted oh eac sisle bége abb@abinglaydr (#6060 parts
by weight, the density of a sheet nay be reduced, thereby reducing the
magnet i cFisk.dper Ayditiandlyo thet diectontagnetivanttrfeidnce heppeonine hiybod shidee] frewyri t e
particles is greater than about 800 parts by weight, the sheet cannot be
used as furthgbmichids heetsubitien {ayer ddanker anschhanvehlerptoperty. Non-1i miti ng
exanpl es of the binder resin that may be used in the present invention
i ncl ude pol yviegdrdiag o baithergorbpdingent e the, prgsehiyinvesttioanss shoPE(ie Hl @13, ket ed
pol yet hyl ene), etc. As described above, the el ectromagnetic interference
su é\ér essélagrananpiic sistarence srpnrpsingrhydadsheatdemy ivaludpan ngelgtiontayer 30
el ectromagneti c wave absorbing |ayer 20 and the e|l ectromagneti c wave
shi el di ndiereanadter, roferraginat é(flféiﬁn%i“élo@i laeer gfinterpeseghacsveinan ¢legpomagsetic F| G
1). Additionally, the el ectromagnetic interference suppressing hybrid sheet
1nmay wave absofbing layer 20 and an electromagnetic wave shielding layer 10.
According to a further embodiment of the present invention, as shown in FIG. 3,
the electromagnetic interference suppressing hybrid sheet 1, besides the first insulation
15 layer 30 existing between the electromagnetic wave shielding layer 10 and the

electromagnetic wave absorbing layer 20, may further include another insulation layer 31

(hereinafter, referred to as ‘a second insulation layer”) laminated on the outer surface of at

least one of the electromagnetic wave shielding layer and the electromagnetic wave

absorbing layer, for example, the outer surface of the electromagnetic wave absorbing

20 layer 20.
According to a still further embodiment of the present invention, as shown in FIGs.

4 and 5, the electromagnetic interference suppressing hybrid sheet 1 may further include

an adhesive layer 40 (hereinafter, referred to as ‘a first adhesive layer’) laminated on the

outer surface of at least one of the electromagnetic wave shielding layer 10 and the

25 electromagnetic wave absorbing layer 20, for example, the outer surface of the

electromagnetic wave shielding layer. The adhesive layer laminated on the outer surface

14



further include an insulation | ayer 30 and/ or an adhesive | ayer 40.
According to anot her enbodi nent of the present invention, as shown in FIG
2, the elwotzommagireti c i nterference suppressing hybrid sheas2dmmys7oncl ude
an insulation |layer 30 (hereinafter, referred to as "a first insulation

| ayer') interposed between an el ectromagneti c wave absorbing | ayer 20 and
an el ectromagneti c wave shielding |ayer 10. According to a further

embodi megit th@blcbREmBEREE Wavh BYBIIH OBy crdSay SO Hdlctiile@r mdn-cbh&uctive _

el ectromagnetic interference suppressing hybrid sheet 1, besides the first
i nsul at i gihebiy @fyeB0 exi sting between the el ectromagnetic wave shiel ding

| ayer 10 and the el ectronagneti c wave absorbing | ayer 20, may further

i ncl ude anot hatcdriivgt@t iyerfuttayemiblitbRlofiitairt@ht inveft@nl &dsHonds F1@. second
insulation layer') [am nated on the outer surface of at |east one of the

el ect r onaghetlectrovarctbimétiragel saymessapchytbhid st atmonimghdt agothatve absor bi ng
| ayer, for exanple, the outer surface of the el ectromagnetic wave absorbi ng
| ayer 20adhdsieotadicngl {lerdnaftcr, efeiigd tday aaptuodi adhedivolhyérhdamimseinin thavent i on,
as shown in FIGs. 4 and 5, the electromagnetic interference suppressing
hybri d sheet sutfaayof the thetromagictidevazn abaineiap Vet 2§.er 40 (herei nafter,
referred to as 'a first adhesive layer') lamnated on the outer surface of
at | east one bramples ef @mbtcanbfynétei fostmdacsindehdilatgnl layees thhOmay te tikee

el ectromagneti ¢ wave absorbing | ayer 20, for exanple, the outer surface of
t he el ecinrtberpgeettiicyonaee mefiiedleten butl ey vot. lirTitel tadpdpétidchatgephthahitaat ed on
the outer surfaceof the el ectromagnetic wave shielding | ayer may be a
conduct i (RETOr paipethdemd pelyprapyiahaticvelid wyier mejaoune wisigpelyinaidg.arolyhvamtiher
enbodi nent of the present invention, as shown in FIG 6, the

el é@tronﬁdﬁ@fﬂq,@Oiyn{')@wﬂ@eéh]é@es&]b@ﬂe@smn@oﬁylb?SilIGI cheet 1 may incl ude anot her
adhesive layer 4 1 (hereinafter, referred to as 'a second adhesive | ayer')
| ani nat ed on Examplet efra @aterialcier Bre firpleand|seeand shepie iareradhaé mal S upshig 1 ayer

20. . .. . : : .
the present invention includes an adhesive polymer resin. A conductive adhesive layer

may include conductive filler, as well as the adhesive polymer resin.  Herein, the content
of the conductive filler is not particularly limited, but is preferably within a range of about

15 20 to about 60 parts by weight, based on 100 parts by weight of the adhesive polymer
resin.

In the present invention, as the adhesive polymer resin, an acrylic polymer resin
may be used. According to an embodiment of the present invention, an acrylic polymer
resin prepared by polymerization of a photopolymerizable monomer may be used.

20 In preparing such an acrylic polymer resin, as a photopolymerizable monomer, an
alkyl acrylate ester monomer having a C1 to C14 alkyl group is usefully used. Non-
limiting examples of the alkyl acrylate ester monomer include butyl(meth)acrylate,
hexyl(meth)acrylate, n-octyl(meth)acrylate, isooctyl(meth)acrylate, 2-
ethylhexyl(meth)acrylate, isononyl(meth)acrylate, etc. In addition, examples of the alkyl

25 acrylate ester monomer include isooctyl acrylate, isononylacrylate, 2-cthyl-hexyl acrylate,

decyl acrylate, dodecyl acrylate, n-butyl acrylate, hexylacrylate, etc.

15



Exanpl es of a material for the first and second insulation |ayers that may
be used in the present invention may include, but are not limted to,

pol yet hylwoeotoerepht hal ate (PET), pol yet hyl ene, pol ypr opgirarseqoopbendl i c
resin, nmelam ne resin, polyimde, polyvinyl chloride, polyphenylene
sulfide, silicon resin, epoxy resin, etc. Exanples of a material for the
first and second adhesive |ayers that nay be used in the present invention

i ncl udes an a@ﬂ@ﬁkyleac%qhﬁé@ﬁt%r ﬁﬁﬁbfﬁer ay BOHIAtaI MR @ ENBSIV Sor| @Y RihefRY | ncl ude

conductive filler,”as well as the adhesive polymer resin. rein, the
content gkint BEmeP RebCa aeeylfd ddhedivé 1501 r ﬁ@htthmgﬁe&pbwmsﬂliaﬁan womt i
preferably within a range of about to about 60 parts by wei ght, based on

100 par t snothyer'\Woiag bbp&;méxh@bwih@[sdn\i@ POA yiNef whHRIS] the adrlit BéhcRive $BRimer
i nvention, as the adhesive polyner resin, an acryllc pol ymer resin nmay be

used. ACﬁ‘,@ifhdhingd Prepared B oslhorptriition D€ ap IRgErylafe\eeRE hdRomanh®tigyd i C
pol ymer resin prepared by pol ynerization of a photopol yneri zabl e nononer

maysbe uGedo Cli4ajiybp@up agd s polar aspodpnatidablepndbnomdr. r Bsidin, tksSalRyl acrylate

phot opol yneri zabl e mononer, an al kyl acrylate ester nononmer having a d to
C 4 al kgdtergnanopner andigefpoldryopalgoherididid mohdmagare pefphels uwséd inhewailgkty |

acryl ate ester nononer include butyl (nmeth)acrylate, hexyl (nmeth)acryl ate,

n- oct yl (ragblf 88rlytb 2080, inswasitiydatioedhplasicyl @bpsrtids ofet fuydl adkasivermeiymacr yl at e,
i sononyl (neth)acrylate, etc. In addition, exanples of the al kyl acrylate
est er noresimer Howelverd éhe oot pivertomyib aotdjmitgbthoreyd. acr yl at e, 2- et hyl - hexy
acryl ate, decyl acrylate, dodecyl acrylate, n-butyl acrylate,

hexyl acryl at eNoetlignitthgcxzdnikyiés @fdiﬂ/@/pdtalecmtmerimbﬂ@ memomey 1iséudgsetyligl one to
forman acrylic adhesive resin, may forman acrylic adhesive pol yner
redPn t hradiglacewpedignisrdroatalkomh avmytaltﬁ, aronby | pasvlate, eaplimdesibstibited nonorer .

In other words, the acrylic adhesive polyner resin may be prepared b
copol ynedqrylammidsn Novinghpyaratigpne NY-yinat eapselpermpgsipiaitksavinpchiorade, digllip 4

al kyl gro ﬁ and a pol ar copol yneri zabl e nononer. Herein, the alkyl acrylate
phthalate, etc. ~ Such polar copdlymerizable monomer can provide adhesion and

cohesiveness to a polymer resin, thereby improving the adhesive property.
Examples of the conductive filler that may be used in the present invention

15 include: metal including noble metal and non-noble metal; noble metal and non-noble
metal, alloyed with noble metal or non-noble metal; non-metal alloyed with noble metal or
non-noble metal; conductive non-metal; and a mixture thereof.

Specifically, examples of the material for the conductive filler include: noble metal
such as gold, silver, platinum, etc., and non-noble metal such as nickel, copper, tin,

20 aluminum, etc.; noble metal and non-noble metal alloyed with noble metal, such as copper
alloyed with silver, nickel alloyed with silver, aluminum alloyed with silver, tin alloyed
with silver, gold alloyed with silver, etc.; noble metal and non-noble metal alloyed with
non-noble metal such as copper alloyed with nickel, tin alloyed with nickel, etc.; non-
metal alloyed with noble metal or non-noble metal, such as graphite, glass, ceramic,

25 plastic, elastomer, mica, etc., alloyed with silver or nickel; conductive non-metal, such as

carbon black, carbon fiber, ctc.; and mixtures thereof.
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ester nononer and the polar copol ynerizabl e nononer are preferably used in
a weight ratio of 99:1 to 50:50, in consideration of physical properties of
a final asbesinves@el yner resin. However, the present i nPemtuseondiossndt
limted thereto. Non-limting exanples of the polar copolynerizabl e nononer
i nclude acrylic acid, itaconic acid, hydroxyal kyl acrylate, cyanoal kyl
acrylate, acrylam de, substituted acrylam de, N-vinyl pyrrolidone, N vinyl

caprol actam AGWcRBnbfAdtR intéHBhcCOpBFdséRg hﬁ&rﬁi dnebt PRICBALRAS & thet c. Such
pol ar copol ynmeri zabl e nonomer can provi de adhesi on and cohesi veness to a

pol yner pesdnhinveh@seRty bepibei¢chted bl hsingdhasisBetRb@perty. Exanples of the
conductive filler that may be used in the present invention include: netal

i ncl udi ng nobAecdrgingho amembedinieabdfh&Ptcadnt imeitien, TR abctasthghefic nobl e et al ,
all oyed with noble netal or non-noble netal; non-nmetal alloyed with noble

met al or infeferéieblseppredsalg; hydad dhid maee bedubricatedl by tAdsteps o Ky Birgitdhar eof .
Specifically, exanples of the material for the conductive filler include:
nobbe metlattranphcaswgod shicldinggrer bpldapasiting orglating aarttchortondidtiee et al  such
as nickel, copper, tin, alum num etc.; noble netal and non-nobl e netal

al | oyed miatchiahabid eelemst lm; Giyeddiag acdpiang &drtieypactioltstih agiol jwredr,sohitiok el

alloyed with silver, alumnumalloyed with silver, tin alloyed with silver,
gol d al | pgpaecdvby dissolvingra, birdar r¢simobd lvaat;anddnd coamertbb hextomet lthal | oyed

wi th non-noble netal such as copper alloyed with nickel, tin alloyed with
ni ckel , kinderresinanéthel femite pyradicsnt siemabloa thetlattramagnone woid shietdingl , such as
graphite, glass, ceramc, plastic, elastoner, mca, etc., alloyed with
si | ver olayer aflstsp; (Deambleretyingeowi @riimieg arocessuch as carbon bl ack, carbon fi ber,
etc.; and m xtures thereof.An el ectromagnetic interference suppressing
hyBPi d sheet 1 Bstondilesiomsgneiec wavesaimldinglaaar isdormasy blerdiabm degtied by

usi ng various nethods. According to an enbodi nent of the present invention,
t he el ectqngueliisanaterialipar beedeppsitediphiteden tg suifagc of agplsate fHEybYbe fabri cat ed

by the steps of: (i) formng an . ) )
vacuum-deposition, ion plating, electron beam vacuum-deposition, sputtering, etc. in such

a manner that the electromagnetic wave shielding layer is formed as a thin-film.
2) Then, a polymer solution is prepared by dissolving a binder resin in an
15 appropriate organic solvent. Preferably, the solvent has solubility parameters similar to a
binder resin to be used therein, which is to uniformly mix the materials and then to easily
remove the solvent. Non-limiting examples of the solvent that may be used in the
present invention include acetone, tetrahydrofuran, methylene chloride, chloroform,
dimethylformamide, N-methyl-2-pyrrolidone (NMP), cyclohexane, water, methyl ethyl
20 ketone, ethyl alcohol and a mixture thereof.
Also, examples of the binder resin include polyvinyl alcohol, acrylic binder,
polyurethane, etc.
Also, the polymer solution may include plasticizer, etc. in order to improve the
flexibility of a hybrid sheet. Examples of the plasticizer include phthalic acid ester
25 plasticizer, trimellitic acid ester plasticizer, phosphoric acid ester plasticizer, epoxy
plasticizer, polyester plasticizer, aliphatic acid ester plasticizer, etc., and more specifically

include DBP(Di-butyl-phthalate), DOP(Di-2-ethylhexyl phthalate), DINP(Di-isononyl
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el ectromagneti c wave shielding |ayer by depositing or plating an

el ectro-conductive material on a release film (ii) adding and m xi ng
ferrite paotoolesozsn a pol ymer sol ution prepared by di seairaisagoasizonder
resin in a solvent; and (iii) coating the m xture of the binder resin and
the ferrite particles of step (ii) on the el ectromagnetic wave shi el di ng

| ayer of step (i), and carrying out a drying process. 1) First, an

el ect r onpgRAkicS RPRDERLEEIN pRthhiaks BB HeRzyl :p‘ﬁihﬁlafb), an

el ectroconducti've material may be deposited or plated on the surface of a
rel ease TOTM@YictgHeupHEiaRARh k), AMNTMVT riPlséddnf Yirinkd BGtd) OTI DB ri-

vacuum deposition, sputtering, etc. in such a manner that the

el ect r onRgfRy| ginvaN@teyTEPAringedy@YRosphstef, MO UridS ety hbkylphbsphated) Then, a
pol ymer solution is prepared by dissolving a binder resin in an appropriate
or gani ¢ €DIPVeadyl dipheiye pabiphated TBO A iV esthylhasy] dipat) | DOY(harahghesys sim | ar
to a binder resin to be used therein, whichis to uniformy mx the

mat éri al szchine), DRA(digsiasyllafipaemite t he sol vent. Non-linmiting exanpl es of

t he solvent that may be used in the present invention include acetone,

t et r ahydr of ur &Eeritetfayticdereare hddediade disphisod of the pyepdicdgiohynhdraoheion de,

N- et hyl - 2- pyrrol i done (NWP), cycl ohexane, water, nethyl ethyl ketone,

et hyl al pehokt aamidtue of the diereitd peetidod anddhs bindexanipl e$leodintiherdsr ider resin

i ncl ude pol yvinyl al cohol, acrylic binder, polyurethane, etc. Al so, the

pol ynmer swfarmilymixithy femicd pateclp$ ast the ibmeler restng a nieohayichd mixipgiapparatvwe t he
flexibility of a hybrid sheet. Exanples of the plasticizer include phthalic
aci d est krovyl mgh¢ eit.sech as @ batbmill eprarates, dnaydreqretgtadbt isedzer, phosphoric aci d
ester plasticizer, epoxy plasticizer, polyester plasticizer, aliphatic acid
estl@r pl asti cfizBie prepared masidrerad thee pdte iphitiskdsiapd thediindis polymer resin 1s

DBP(Di - butyl - pht hal ate), DOP(D - 2-et hyl hexyl phthal ate), ) )

DI NP( Di - $asédayihe Redviguabyeprepanpdpeaiamagngiae yrvopHieldmadeer. et sbisttedenzy |
phthal ate), TOTM Trj et hyl hexyl trinellitate), TINTM Tri-isononyl

trimelli ‘q.oaérgl)ng tq—pbmﬂ]rﬁ p@@@@g%netlc interference suppressing hybrid sheet of the present

invention.
Herein, in coating the mixture of the ferrite particles and the binder resin on the
15 electromagnetic wave shielding layer, a conventional coating method known in the art,
such as dip coating, die coating, roll coating, comma coating, or a combination thereof,
may be used.

Furthermore, the present invention may provide various electronic

devices/components including the above mentioned electromagnetic interference
20 suppressing hybrid sheet, such as IC Package, PCB, etc.

As shown in FIGs. 7 and 7A, in a cable 2 according to an embodiment of the
present invention, an electric wire is covered with the above described electromagnetic
interference suppressing hybrid sheet 1. The electromagnetic interference suppressing
hybrid sheet can suppress or reduce unnecessary high frequency current conducted on a

25 signal cable by impedance matching, and thus may be used for a high capacity data cable,

such as a USB 2.0 cable, a USB 3.0 cable, an HDMI cable, etc. Also, high frequency
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trimellitate), TCP(Tri-cresyl phosphate), TOP(Tri-2-ethyl hexyl phosphate),
CDP(cresyl diphenyl phosphate), DOA(di-2-ethyl hexyl adipate),

DQOZ( di - 2-wohyionmesok azel ate), DI DA(di-i sodecyl adi pate) pCetus2008p57e3rite
particles are added and di spersed in the prepared polyner solution to
prepare a mxture of the ferrite particles and the binder resin. Herein, in
order to uniformy mx the ferrite particles and the binder resin, a
mechani cglrrdit ¥édieat8PRBMAINU RN WBYiICH of ta:%nﬁlrat ma$ ¥6 BufppesBedB the fﬂerbﬁd _
apparatus, may be preferably used. 4) The prepared m xture of the ferrite
particl eshegfnd the binder polyner resin is coated on the previously prepared
el ectromagneti c wave shielding layer, and is subjected to drying to obtain
the el ectromagnetic interference Sﬁﬁg&e55|ng hybri d sheet of the present
invention. Herein, in coating the M dSof the ferrite particles and the

bi nd [ th l.ect t.i hield t I
coat i ng ot ot RFSH MRIEHES AHEC lgé%tﬁ’ﬁ‘ioith% Riteta P G @tseéﬁff‘n%” W orr

: t rth
e pr G< RPN f%eﬁfwoeﬁ%a%f %ﬂgv}n&eeﬁﬁp e BB bl & e sibhont o
i ncludin above men gctronagnetlc i nterference suppressing

hybrid sﬁgg?‘nnﬁn%9n§1¥%ﬁg%. ﬂ§K3 PCB, etc. As shown in FIGs. 7 and 7A, in

a cable 2 according to an enbodi nent of the present invention, an electric
wire i s Esammpkd with the above described el ectronagnetic interference
suppressing hybrid sheet 1. The el ectromagnetic interference suppressing

hybrid quqgeﬁﬂgmﬁqgg&gﬁiFﬁﬁEggduce unnecessary hi gh frequency current
conducted on a sl gna y i npedance natching, and thus may be used for
o oabi 6. e o G e o b T e N e
ycurrent generate roman externa
deypce ofin¢ 8kidk (BAOTRYrcRAISHRR BSREFhtRY NS I8 648 were uniformly mixed, and
then were dried at 300 °C.  The dried mixture was sintered at about 880 °C to obtain a
sintered material. In a ball-mill apparatus (NANOINTECH, Ball mill), the sintered
material was mechanically ground with stainless steel balls ( diameter = about 20 mm) at a
rotation rate of about 24 rpm for 24 hours to obtain a fine powder (a weight ratio of the
15 sintered material to the stainless steel balls is 0.2 : 1).  Then, in a solution prepared by
dissolving 100 parts by weight of polyvinyl alcohol (as a binder resin) in methyl ethyl
ketone (as a solvent), 500 parts by weight of the fine powder was added, and was
uniformly mixed to form a mixed solution. Next, the mixed solution was coated on the
surface of a polyethylene terephthalate (PET) film with a thickness of about 18 um, and
20 was dried to form a coating layer. Then, the formed coating layer was detached from the
PET film, and the detached coating layer was sintered at about 1150 °C to obtain a
sintered material. In a ball-mill apparatus (NANOINTECH, Ball mill), the sintered
material was mechanically ground with stainless steel balls (diameter = about 20 mm) at a

rotation rate of about 24 rpm for 8 hours to obtain a ferrite particles (a weight ratio of the

25 sintered material to the stainless steel balls is 0.2 : 1). The above-obtained ferrite
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sheet. EXAMPLES Reference will now be nmade in detail to the preferred
enbodi nents of the present invention. However, the follow ng exanples are
i Il ustratwoeooni2gg24and t he scope of the present inventi ®eaTits20001053703m t ed
thereto. Exanple 1 1-1 Preparation of ferrite particles In 300 | of
distilled water as a solvent, iron oxide (Fe Gs), nickel oxide (N O, and
zinc oxide (ZnO were added in a nolar ratio of 1 : 0.25 : 0.65, were

uni for m Yarlk i€ Has 531581%1 SHABE &ithlal tBdkAdss BPRLRIES p-ﬁlf'%nd@l@r%tlﬂbfqure was

smtered at about Cto obtain a sintered materi al I'mn a ball-m 1|

appar at Upniikd NisE&dn &albbutid koh, the sintered materi aI was nechanical ly
ground with stainless steel balls ( dianmeter = about 20 nm at a rotation

rate of . 24 hours to obtaln a fi.ne powd (a weight ratio
of the siwdHgat ' PE Lyt shegt > 1). Then, in

?a:"ga: P B %1%3%%%@%%9%;5&@ gl@&;i%@@;g 3 pared 6y

t n S a was.. un to forma
ol of ﬂﬁ%ﬁ HRd s e %@fae% Hing R AL et

poI yceit ?]§| ene tere hl”% L e (SPET) { th| .CHeN gss of BI(J:(e o aand
\(/jvas dLi gd to # 3¢ &8 t| nOn agaé? Venltheqp patrhs Foraed @86}7‘7}% y%ra§/vas g
et ached (LR BT AR, 300, ASLASIE BRI | oyt ored
gl\lg\:\lg: gg%;%oggﬁ*%wﬁ Ia!g% tleglgn(g ﬁthfﬁt_aer% d{;@%ggﬁ al was nmechanically ground with

nm at a rotation rate of about

24 rpmfor 8 @Rﬁ ﬁletf‘Bt %ﬁi%d% fuBibh Wag CPQE {)zﬁtb?;fe &8‘ %@é&ﬂ%e B?ﬁ'e‘io]ﬁ the

sintered materi e stal n ess stee

abqye- obfigh, rb‘?@vlﬁ&{ ﬂhé Tﬁ?ﬁ%ﬁﬁfh&:‘ Wit ABSsiRdRYif B bYAEnSNARE iMnl i of hi Ckness of

about 5 nm and I engt h of
thickness of 80 um and was drled to obtain an electromagnetic interference suppressing

hybrid sheet.

Comparative Example 1

In methyl ethyl ketone as a solvent, 100 parts by weight of polyvinyl alcohol (as a
15 binder resin) was dissolved. The ferrite particles prepared from Example 1 were added to
the solution, and were agitated to obtain a mixed solution. Then, the formed mixed
solution was coated to a thickness of 80 um on a surface of a PET film, and was dried to

obtain an electromagnetic wave absorbing sheet.

Comparative Example 2

20 On a polyethylene terephthalate (PET) film, an aluminum thin film with a
thickness of about 7 um was deposited by sputtering Al target to obtain an electromagnetic

wave shielding sheet.
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| ongi tudi nal direction of about 70 mm 1-2 Fabrication of an

el ectromagnetic interference suppressing hybrid sheet On a pol yet hyl ene

t erepht havetze1o(@8R} film an alumnumthin filmw th a rhraseeesszzhs about 7
nm was deposited onto a first surface by sputtering an Al target. In nethyl
et hyl ketone as a solvent, 100 parts by weight of polyvinyl alcohol (as a
bi nder resin) was dissolved. The above prepared ferrite particles were

added t o Q@i tHx@mplcand DMRIRiRgbh 8h @t §PfoPRhRAlHIaAn Mkadmagditi on. Then,
the forned m xed solution was coated onto the second surface of the PET

film of intdireedhck REpdredslo HBriHap&tWas deposited with the alumnumthin film
with a thickness of 80 mMmmand was dried to obtain an el ectronmagnetic

interference RURBEESScREmiitiid dcaheRigncGOWRR ditluRgBEANPbLarl | n net hyl

et hyl ketone as a solvent, 100 parts by wei ght of polyvinyl alcohol (as a
bi nder rels¢tfo)mavgasn©lhﬁe&£8rm suppressirgrtyibiig spedt bf tegseseneipasidnf thom Exanpl e 1
were added to the solution, and were agitated to obtain a m xed sol ution.
Thes, t hplbeinedsteiweedcasatdibuton was coated to a thickness of 80 nmmon a
surface of a PET film and was dried to obtain an el ectromagnetic wave

absorbin §ﬁ el Cﬁqgaratl Exanple 2 On a pol yethyl ene terephthal ate

( PET) fiﬁﬂr—%%lg%%ﬂ$ﬂﬁﬁT%$X$E%iIn1mﬁth a thickness of about 7 nm was

d ited b t 'R [

et no sollABBNLA) TER0lE @Q%ﬁﬁ:s@@“ef?écgﬁﬂg%ﬂ@%%&% Y e
f I

get gpmeng&gtﬁ%ﬁ%%@&{ InferfdbRE s@ﬁp%@s%&gﬁﬁ%ﬁpgﬁéét 3 an?égrﬂo% le Inygy der to

ronagnetic wave I'ng abi Tty o n €l'ectromagnetic

interferpueg SYRPLESSLRE D¥fkd isRERnd biddGMOMIADo 1 Wt K Reint HE

10 sheets obtained from Comparative Examples 1 and 2 as control groups, the shielding
effectiveness was tested. The test results are shown in Table 1 and FIG. 9.
Herein, the shielding effectiveness (SE) was calculated by the following

Mathematical Formula 1.

[Mathematical Formula 1]
15 SE = 10 log(P,/P;) (decibels, dB)
In Mathematical Formula 1, P, indicates transmission power when a test sample
exists, and P, indicates transmission power when a test sample does not exist.
Meanwhile, when a transmission reader displays the results in volts, the shielding

effectiveness (SE) may be calculated by the following Mathematical Formula 2.

20 [Mathematical Formula 2]
SE =20 log(V1/V3) (decibels, dB)
In Mathematical Formula 2, V, indicates transmission voltage when a test sample
exists, and V; indicates transmission voltage when a test sample does not exist.
According to the results, the sheet of Comparative Example 1 showed low
25 shielding effectiveness of about 5dB, while, as shown in FIG. 9, the sheet obtained from

Example 1 showed shielding effectiveness of Min 50 dB.  Accordingly, it is determined
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following tests were carried out. (1) Shielding effectiveness (SE) In
accordance with ASTM D 4935, the shielding effectiveness (SE) of the

el ect r omreyoeavion2seier f er ence suppressi ng hybrid sheet olpcaiuseaofnszyns Exanpl e
1 was tested. The test systemwas used in frequency band of 10 MHz to 1
GHz. Herein, on sheets obtained from Conparative Exanples 1 and 2 as
control groups, the shielding effectiveness was tested. The test results

are showhai fhe TRBIrEmag e uﬁb@ereﬁee Jﬂ?gl%'ssﬁmg hiAgiddheel ééb&ﬁm%fti) el prvgaess (SE)

was cal cul ated by the foll owing Mathematical Fornula 1. [ Mathematica

For mul a ihertfonthad @n $8H Rt dfeddon{ada6i ddlidding Bropefty Vat herratl cal Formula 1, Pi

i ndi cates transm ssion power when a test sanple exists, and P indicates
transnlsglgg power fﬂen a test sanpl e does not exist. Nbanmhlle, when a
transm ssieds plays the results in volts the shielding
ET f F%L't e i e e b s kg T
t d te t wh t
Cadl o et et i ratesc et RuRORRLE B obl B MRS P Ele 2R ¢ does
t Le d h th heet .of le 1
2 howed 1S ETEe freafsersb it bRepity %%p%%&ﬁggmcﬁﬁ"%aﬁegso%ﬁ%’1 FIG o
th h Mn 50
€S eeﬁéa‘%ﬁ’n%lg'ﬂ%% té!t&{“ %ﬁ@@%nethel }%@f&ﬁgorﬁ d[r%sﬁe'ﬁ%& 3& h%&ﬁtgor%%ér Ip. .

dB. Accor 'S determ ned ectromn |c I'n ce

oxcel Lot e e oEL SR ERS AR %15*%?op%st%ﬁf’%%adf“&r%‘égggﬁp AR
mm (W), and the test system was used in a frequency band of 30 MHz to 2 GHz. The
10 test results are shown in Table 1 and FIG. 10.
According to the results, the sheet of Comparative Example 1 showed a low extent
of power loss of about 15% at 1GHz, while the hybrid sheet obtained from Example 1
showed a high extent of power loss of about 40% at 1 GHz (see Table 1, and FIG. 10).

Accordingly, it is determined that the electromagnetic interference suppressing hybrid

15 sheet according to the present invention has an excellent electromagnetic absorbing
property.

(3) Test on the volume resistivity

The volume resistivity of the electromagnetic interference suppressing hybrid sheet

obtained from Example 1 was tested in accordance with ASTM D 257. Herein, on sheets
20 of Comparative Examples 1 and 2 as a control group, the volume resistivity was tested.
The test results are noted in Table 1.

According to the results, in the hybrid sheet obtained from Example 1, a volume
resistivity of the electromagnetic wave absorbing layer thereof was similar to that of the
sheet obtained in Comparative Example 1 (1x1012 Q-cm); and a volume resistivity of the

25 electromagnetic wave shielding layer thercof was similar to that of the sheet obtained in

Comparative Example 2 (0.02 Q-cm).
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In order to determi ne the el ectromagneti c wave absorbing ability of the

el ectromagnetic interference suppressing hybrid sheet of the present

i nvent i onwotzhm/mesd2ent of power | oss of the el ectromagnetrce/useaentanence
suppressing hybrid sheet obtained fromExanple 1 was tested. Al so, on the
sheet of Conparative Exanple 1 as a control group, the extent of power | oss
was tested. Herein, a test sanple had a size of 50 nm (L) and 50 mm (W,

and the pﬁq%mﬁyﬁh@ﬁhﬁﬁﬁkﬂﬁﬁgeﬁﬁm§ frequency band of 30 MHz to 2 GHz. The
test results are shown in Table and FIG 10. According to the results,

the sheet of fﬁgﬁp@rea&br\ﬂ@gxéﬁaﬁmb@erén&mp@@ sing By¥rRMhestobefinddovgh | oss of
about 15% at 1GHz, while the hybrid sheet obtained from Exanple 1 showed a

hi gh extBrdmgsit 1p@cm151ei 9@1&16@5111@@&1%64%6}1” dinfaimatysper) Takliestcd. amd &k G 10) .
Accordingly, it is determned that the el ectromagnetic interference

suppr essicR@tdwdshavisMEEG. ACC OHelehg at @ cbiteol RF@FE BEmplaX PBilnhcAbilIAGT ho
excel l ent el ectromagnetic absorbing property. (3) Test on the vol une
resbst i vildeyt dbv@nydfromEC dregsdr stivieviEtaynpdd 1 thae testedct Tasegnebules drosieweinence
suppressing hybrid sheet obtained fromExanple 1 was tested in accordance
W th ASTHAUD 257 A dded eisthsangric Bitketosoidéil sCapplaavaig medEdanmekesfb rmmd 2 as a
control group, the volune resistivity was tested. The test results are

not ed i nouEsilé diainetehof @8 dimgantddhickieess of 8ilnirs,, anidrthd test dyytomi wassiseé it bt ai ned
from Exanple 1, a volune resistivity of the el ectromagnetic wave absor bi ng
| ayer t h&e@aehcywbandsifiti Mélz tod GHat of the sheet obtained in Conparative
Exanple 1 (1x1012 Wcn); and a volune resistivity of the el ectromagnetic
wave shi el di ngctadiag to Hereoiltsyihe skdehpfl @omparativeaExashple hdiad heedl patit@ilned i n
Conparative Exanple 2 (0.02 Wcm.(4) Test on the magnetic perneability In
t hélel ecefrabongheithe romplex permebilgyipprileshe h}gbrr@/&iwrsfoplém@ fromtExarede ¥ r om

had a real part (i’) of about 20 to 45 in the complex permeability, which is higher that

Comparative Example 1. Accordingly, it is determined that the electromagnetic
interference suppressing hybrid sheet according to the present invention has an excellent

electromagnetic absorbing property.

15 Table 1
Exp. 1 Comp. Exp. 1 | Comp. Exp. 2

hielding effecti B
Shielding effectiveness (dB) Min 50 5 50
(30 MHz ~ 1 GHz)
Real part ()’) in permeability 20~ 45 15 -
P | Y

ower loss (%) 40 15 ]
(at 1 GHz)

\ istivit

Volume resistivity 0.02~1x1012 | 1x1012 0.02
(Q-cm)
Operation temperature (°C) -20t0 90 -20t0 90 -20t0 90
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Exampl e 1, conplex perneability (m : real part, ni' : inmaginary part) was
tested. The test results are shown in FIG 11. Herein, as a control group,
conpl ex peEormeabi2Bi2uy of the sheet obtai ned from Conpar aPCraSEoanpi7es 1 was
tested. The test results are shown in Table 1. A used test sanple had a
toroi dal shape having inside dianeter of 6 nm outside dianmeter of 28 nm
and thickness of 8 mm and the test systemwas used at a frequency band of
IMiz to fxfSdtnentd ERAALRD L Octdfida88H bh SupdrBichFHadRkioFNR& dlhvesBxanpl e 1
had a real part (m) of about 15 1n the conplex perneability, whilTe the
hybri d shegatpbhigened from Exanple 1 had a real part (m) of about 20 to 45
in the conplex perneability, which is higher that Conparative Exanple 1.
Accordingly, irtordér tdbRimineerk Supptestibe oLiRRAdRIREMNSisCinithd ESBEY.@Dag
suppressing hybrid sheet according to the present invention has an

excel | enCalglt agihp SpgodiontgadsoinkiriRgenot oRsiésying hgbtié sidex peminggfioal Exanpl e 2
- Determ nation on suppression of Radiation-Noise in the USB 2.0 Data Cabl e
| n or der Examgletl etheifsiéowing tSwppere ssiried oaf. t he Radi ati on-Noise in the USB 2.0
Data Cabl e using the el ectromagnetic interference suppressing hybrid sheet
obt ai ned fr onThkxamzte@ndgnetihmtdridrémeisagpre@atgshyhveid aheabbiagttd drom EXdeple

el ectromagnetic interference suppressing hybrid sheet obtained from Exanpl e
1 was w appedrgredacundehd SBB2. @ DBat(@ablablNext,Nedlgctrmanicabmahalovasc t er mi nal
was contacted with the Data Cabl e, and noi se radi ated when power source

dri ve wasontastdewitiotheUddta g ableeantimedivondiaC avtivepo(v8r snuxce3drme. wabHestedlsy
results are shown in FIG 12. According to the results, for the Data Cable
usi ng t hesieg éetAnsabgnéihrmbemBen et mnc el katoptressdts aty shpbyniid Féhekt obt ai ned
from Exanpl e 1, the Radi ati on-Noi se was suppressed, and then the

RadPat i on- Noi 4ecareing|te thegeyudis plon thedatp CabIr@sing teaid eeroneemniihingfaranse

suppressing hybrid sheet obtained from Example 1, the Radiation-Noise was suppressed,

and then the Radiation-Noise levels corresponded with FCC (Federal Communication
Commission). Accordingly, it is determined that the electromagnetic interference
suppressing hybrid sheet according to the present invention has an excellent high-
15 frequency current suppression property in the data cable.
Although several exemplary embodiments of the present invention have been
described for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the scope

and spirit of the invention as disclosed in the accompanying claims.
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Comm ssion). Accordingly, it is determned that the el ectromagnetic
interference suppressing hybrid sheet according to the present invention
has an exwel2bsv2sdr4 ghf r equency current suppressi on propectryseevotbizosiat a
cable. Although several exenplary enbodi nents of the present invention have
been described for illustrative purposes, those skilled in the art wll
appreci ate that various nodifications, additions and substitutions are
possi bl e, without departing fromthe scope and spirit of the invention as
di scl oseBLARIS he acconpanying clainms. CLAIMS 1. An el ectronagnetic
interference suppressing hybrid sheet conprising: an el ectronagnetic wave
shi el di ng | aysn ec&ﬂbﬁlia%ridﬂi@ i0rfelefed SuPpEOsiay By briceshHvet @niptlsingand an

el ectromagneti ¢ wave absorbing | ayer containing ferrite particles, which is
| am nat ed on onenzideoshgidie valveshichiimgheti @nhanag shektw-ognduaies . 2. The
el ectromagnetic interference suppressing hybrid sheet as clainmed in claim
1, wherein the fermateeiappandi cl es have a pl ate-type shape or a needl e-1ike
shape, and have a thickness (length of a vertical section with respect to a
| ongi t udi nal di rectdcanmagadticiwava absor@gddyc? corgaihthgrfoqritapattialek,engtinisof a

| ongi tudi nal direction within a range of 30 to 100 mm 3. The

el ect romagneti ¢ i nkhenhaeckoacensuppotbds clegtrémbgretc sheeshialkling layered i n cl ai m
2, wherein the ferrite particles of the plate-type shape or the needle-like

shape haf e m@ﬂ@élk@g@]ﬁ@@@plnﬁrf&eﬁ@ets%ﬂ%a&ﬁ%ﬁ%ﬁdghee% Qis Eﬁindferqglln r%:ga&m-rlhe

el ectromegnetic In ence suppress eet as ¢C in claim

> wh o . g t ) e .
oxi dee\l;vie!tﬂ ne{%g%t%%l;ﬁh%ge@%: ﬂa;rﬁélgssha@ég é)ﬁ)d;ti@-{%g{ees?a ortd e daRS RE c, g NG 1ron

€ ( ¢ _Ormng I'rst Slnterlngt e mxture to
obtain first gjatahRENERI(BhEROf a vertical section with respect to a longitudinal

10 direction) within a range of 2 to 10 um, and a length of a longitudinal direction

within a range of 30 to 100 pum.

3. The electromagnetic interference suppressing hybrid sheet as claimed in claim 2,
wherein the ferrite particles of the plate-type shape or the needle-like shape have

magnetic permeability within a range of 30 to 400.

15 4. The electromagnetic interference suppressing hybrid sheet as claimed in claim 2,
wherein the ferrite particles are prepared by the steps of:
mixing iron oxide with metal oxide for forming ferrite;
first sintering the mixture to obtain first sintered material;
first mechanically grinding the first sintered material into ferrite fine powder;
20 preparing dispersion solution by dispersing the ferrite fine powder in a solution
prepared by dissolving a binder resin in a solvent;
coating the dispersion solution on a surface of a release film, and drying to
form a coating layer, then detaching the coating layer from the surface of
the release film;
25 second sintering the detached coating layer to obtain second sintered material;

and
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first mechanically grinding the first sintered material into ferrite fine
powder; preparing dispersion solution by dispersing the ferrite fine powder
in a sol woanigprear ed by di ssol ving a binder resin i n acalSe@atss7edat i ng
t he di spersion solution on a surface of a release film and drying to form
a coating |layer, then detaching the coating |layer fromthe surface of the
rel ease film second sintering the detached coating |ayer to obtain second

sintered materi %éon@@ﬁ&ﬁ&geﬂw@ﬂm&@Iséabngrsin@&wgla&hm.second si ntered

material. 5. The el ectronmagnétic interference suppressing hybrid sheet as
claimed in clajm4, wherein the netal oxide for formng the ferrite is

sel ect ed>f roml @%@egr%wnm%fdf%awﬁﬁemg?ssas& hy@rid Fiyah Blelneshin daimA nc
oxide, and a nixture thereof. 6..The e]ectromagnetic.interference ..

ST esel ng. BT R SR S0 6 MERmenG et o BT B GorE Ty ine
particles are selected fromthe.group includjng.N - based ferrite, M-Zn
Dased forr 1 oMoR CoHepREBETPR T AT R H15H BIBESBT T or r i 1o, 7. The

el ectromagnetic interference suppressing hybrid sheet as clainmed in claim
1, %hereb.n t hEhetleatanmagnotidintdrforencratygresing Is/bsidlskedt asl chimmed inlvéaigriqup
including Al, Cu, N, Ag, Au, anorphous netal alloy, N -Fe alloy, Fe-N -M
al | oy, Fe-Si - #heralnl thy ferfie-Birtidéd ay sclegted ffemGhe gtaupyncl@lind e-Zal bmstd onagnet i ¢
i nterference suppressing hybrid sheet as clainmed in claim1, which

conpri ses a ffarste, Mmsqn basicd ferfitey dfg-Znbesed dswite, bed Wedvin-Zndasddefettomagnet i ¢
wave shielding | ayer and the el ectromagneti c wave absorbing |layer. 9. The

el ect r omagnet vf. LB RTASHEACRAHRDIE TGN ahER Ly B8RRI ol &l m 1

or 8, which conprises second I nsul ati on l'am nated on a surface of

at |east one Qf.LPEnELRELS CORARETL Mmali¥PisSPkEkd Dt haY%upaRduling Al
el ectromagneti c wave
10 Cu, Ni, Ag, Au, amorphous metal alloy, Ni-Fe alloy, Fe-Ni-Mo alloy, Fe-Si-Al

alloy, Fe-Si alloy, and Fe-Co alloy.

8. The electromagnetic interference suppressing hybrid sheet as claimed in claim 1,
which comprises a first insulation layer interposed between the electromagnetic

wave shielding layer and the electromagnetic wave absorbing layer.

15 9. The electromagnetic interference suppressing hybrid sheet as claimed in claim 1 or
8, which comprises a second insulation layer laminated on a surface of at least one
of the electromagnetic wave shielding layer and the electromagnetic wave

absorbing layer.

10.  The electromagnetic interference suppressing hybrid sheet as claimed in claim 1 or
20 8, which comprises an adhesive layer laminated on a surface of at least one of the
electromagnetic wave shielding layer and the electromagnetic wave absorbing

layer.

11.  The electromagnetic interference suppressing hybrid sheet as claimed in claim 10,
wherein the adhesive layer laminated on the surface of the electromagnetic wave

25 shielding layer is a conductive adhesive layer.

26



absorbing layer. 10. The el ectromagnetic interference suppressing hybrid
sheet as clainmed in claiml or 8, which conprises an adhesive | ayer

| am nat edwonow/esnziace of at | east one of the el ectronma@oeitisecoonmszzo3
shielding | ayer and the el ectromagneti c wave absorbing layer. 11. The

el ectromagnetic interference suppressing hybrid sheet as clainmed in claim
10, wherein the adhesive |ayer |lamnated on the surface of the

el ect r onpgnet The WaMFo P8l ARG dr &8 kuppteRi ke tshve a@@lﬁﬁﬁédﬁ% dawey, . 12. The
el ectromagnetic interference suppressing hybrid sheet as clainmed in claim

9, which compyhi8TorPriddhRsidnesiv e eér hAMatAtRdhOBecdoh@ irs8rans 1dyBsul ation
| ayer. 13 A met hod of fabricating an el ectromagnetic interference

su ress bri the method co i.Si the steps o fornln
a6l oot FonngnanitbodabEbsibe af rr raparBy SRS HaPGopE AR
el ectro- condutglle ?@%Pter i al F a relfase film (ii) adding and m xing

ferrite parti ‘&mﬁgﬁyﬁb ¢ 8%6P%% on prepar ed by dissolving a bi nder
res%n in a soIv coatln nlxtur nder resin and the

ferfite parti ol & f%’i"mE% 8‘& kﬁ)“?m?ﬁPePﬁ g 8@?@8}%6}’%@6{%@1&%@5% RSy | ayer

of step (i), and c in ut. & dr n Cess 14. A cable conprising the
el ectromagneti c i nY t?eggﬁ@‘rgﬂﬁﬁ eségﬁgﬁﬁag?f%nsheet as clainmed in claim

1, the sheet CO\(F[\I écﬂigng ?ﬂl%,l Iggqﬁ)g fePHb %hgl%legfm QBOSA”H%? Eélhﬁoﬁz S\l%{)ﬁ*ed by

dissolving a binder resin in a solvent; and
(ii1) coating a mixture of the binder resin and the ferrite particles of step (ii) on
10 the electromagnetic wave shielding layer of step (i), and carrying out a

drying process.

14. A cable comprising the electromagnetic interference suppressing hybrid sheet as

claimed in claim 1, the sheet covering inside or outside of an electric cable.
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