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TECHNI CAL FI ELD The present invention reglates to an ani sotropi W’Wﬁmmum
conductive sheet exhibiting conductivity in its thickness- w

10 BACKGROUND ART An ani sotropically conductive sheet is a sheet *159159%
exhi biting conductivity only in its thickness-wise direction or having
pressure-sensitive conductive conductor arts exhibiting cond Ve
inits thickness-w se 15 directionQﬂﬁQﬁﬁé%ﬁQNFnessurised in tﬂmmmmﬂmmumﬂmw
t hi ckness-wi se direction. Since the anisotropically conductiv

features that conpact electrical connection can be achieved w tholf®¥&ing

Comnection i feasi bie whhSoBRaBERARPLSPONRNER KR kBB, 2hcor bea therein

it is wdely wused as a connector for achieving electrical connection
between a circuit device, for exanple, a printed circuit board, and a

| eadl esg chip carrier, liquid cry@glelE&rLéhe like in fields of, for
exanpl e el ectronic conputers, gital clocks, electronic
caneras and Conp%%%rprﬁ%%nQOQBQ%ntion relates to an anisotropically

conductive sheet exhibiting conductivity in its thickness-

wise direction.

10 BACKGROUND ART

An anisotropically conductive sheet is a sheet
exhibiting conductivity only in its thickness-wise
direction or having pressure-sensitive conductive conductor
parts exhibiting conductivity only in its thickness-wise

15 direction when it is pressurised in the thickness-wise
direction. Since the anisotropically conductive sheet has
features that compact electrical connection can be achieved
without using any means such as soldering or mechanical
fitting, and that soft connection is feasible with

20 mechanical shock or strain absorbed therein, it is widely
used as a connector for achieving electrical connection
between a circuit device, for example, a printed circuit
board, and a leadless chip carrier, liquid crystal panel or
the like in fields of, for example, electronic computers,

25 electronic digital clocks, electronic cameras and computer
key boards.

On the other hand, in electrical inspection of



On the other hand, in electrical inspection of 2 circuit devices such as
printed circuit boards and sem conductor integrated circuits, it is
conducted to cause an anisotropically cénducti ve el astoner sheet to

i nterpose between an el ectrode region to be inspected of a circuit 5
device, which is an inspection target, and an el ectrode region for

i nspection of a circuit board for inspection in order to achieve

el ectri cal EﬁP@@Eii&@vP@é¥¢§@cﬁl§§t§99ﬁ§edt@ibeuiﬂSBgsfas fganmed on one
surface of the circuit device to be inspected and el ectrodes for

inspection fonedn@ictbe 10:-syriesq eirthetsiredi isbesnduteedi nspeatisen. As
such ani sotropically conductive el astoner sheets, there have heretofore

been known $hosgi9bt¥apiosslystonatvtese EDasesmapl sheas ani $nteepbsal |y
conductive elastonmer 15 sheets exhibiting conductivity under an

unpressuri spétwéahean ébetcerbagerbgeonknovwhet hnspechedhofhacondavtitve
fibers are arranged in a sheet base conposed of insulating rubber in a
state ors entiedise, ashiocheksead inspethioknéssgeiseandi pecellentopdehe sheet,
those in which conductive rubber 20 incorporating carbon black or netal
powder and regibat fog insbbetianeofl eechacvliy baprdafed ansngciiprans
direction (see Japanese Patent Application La[d-CEen No. 94495/1975),
etc. On theoodberthaadhieseanilsotrbphéakrppneshdast besveen glastsreesSsheet s
exhi biting conductivity in a state pressurised in the thickness-w se
directi on therkef inspected formed on one surface of the circuit device

to be inspected and electrodes for inspection formed on the

10 surface of the circuit board for inspection.

As such anisotropically conductive elastomer sheets,
there have heretofore been known those of various
structures.

For example, as anisotropically conductive elastomer

15 sheets exhibiting conductivity under an unpressurised state,
there have been known those in which conductive fibers are
arranged in a sheet base composed of insulating rubber in a
state oriented so as to extend in a thickness-wise
direction of the sheet, those in which conductive rubber

20 incorporating carbon black or metal powder and insulating
rubber are alternately laminated along a plane direction
(see Japanese Patent Application Laid-Open No. 94495/1975),
etc.

On the other hand, as anisotropically conductive

25 elastomer sheets exhibiting conductivity in a state

pressurised in the thickness-wise direction thereof, there

have been known those obtained by uniformly dispersing



have been known those obtained by uniformy dispersing 3 netal particles in
an el astoner (see Japanese Patent Application Laid-Open No. 93393/1976),

t hose obtained by wunevenly distributing3particles of a conductive nmagnetic
material in an elastonmer to form many conductive path 5 formng parts
extending in the thickness-wi se direction thereof and insulating parts for
mutual ly insulating them (see Japanese Patent Application Laid-Open No.

147772/ 1978)o o | NOSEYE 1L, 4l L CLpOCENL, | CyeL Slgblnede psvesn the

surface of ‘con I've pat ormng parts and 1 nsulating 10 parts (see

Japanese Patent; Appl icati pg bsd Q- gpeno Nog 3/ 25PHP6/ 19868, oBtEinéd Hpcent
er, b

years, howe a sheet capable of holding charge in its surface under an

unpressuri sgtevd @i ¢, d POEr iBRYIRNG pALLLBBEGEohel dobAdt BEisYr hagRet Dca
t hi ckness-w se 15 direction thereof when pressurised in the thickness-w se

direction, hhesebyr contsQl Lingréherauantbim whnyheoshaegeveapathe surface
isrequired in fields of electronic parts and electronic part-applied

i nstrumgnt sgo HRNRY epartHeeg0oN@DAGODAl tBaI Shickpesathyseodtiuetiven 20
el astoner sheets do not sufficiently satisfy such properties. D SCLOSURE
OF THE | NVENT¢é£BbThengr essnulatbrngnpaohs héisrbeetuabie onsuhethbngi thelh 25
the foregoing circunstances and has as its object the provision of an
ani sot ropi cébéy ZTapanesévRatbebt Apppabhtion LhdtdPngnchar gé4ivA72¢$948) face
under an unpressurised state,

those with a difference in level defined between the

surface of conductive path-forming parts and insulating

10 parts (see Japanese Patent Application Laid-Open No.

250906/1986) , etc.

In recent years, however, a sheet capable of holding
charge in its surface under an unpressurised state, and
moving the charge held in the surface in a thickness-wise

15 direction thereof when pressurised in the thickness-wise
direction, thereby controlling the quantity of the charge
at the surface is required in fields of electronic parts
and electronic part—applied instruments.

However, the conventional anisotropically conductive

20 elastomer sheets do not sufficiently satisfy such

properties.

DISCLOSURE OF THE INVENTION

The present invention has been made on the basis of
25 the foregoing circumstances and has as its object the
provision of an anisotropically conductive sheet capable of

holding charge in its surface under an unpressurised state,



4 and noving the charge held in the surface in a thickness- wise direction
thereof in a state pressurised in the thickness-w se direction, thereby
controlling the quantity of the charge4at the surface. 5 According to the
present invention, there is provided an anisotropically conductive sheet
conprising a sheet base conposed of an el astomer and conductive particles
exhi biting magneti smcontained in the sheet'base in a state oriented so as

to arrange in rows in t hickness-w se 10 . direction of 't J se, and
di spe{fse_dt i3 MR VAT t(%‘]ker S tsrf?e\ffrcgolfn 1Wheerseulrnfz’}suepplonsiEpngtl-fﬂa§ %A)%ol une
resistivity in the thickn - wese diregt] ; Sy i sed state
|ts Fo, and "& 3% dllﬁ?é:d &4 gﬁ%?ﬁ%%/tsilnnt esctgdnf{lgness-mﬂsjseéﬁa%rgcti on in a 15
state pressyr. sed under_a pr r e of i s g i '
direction itlshlléfnet%se Wo euréé”?%%% |'vi1-fr3il/e%1 q s 61&?%“%% %Qﬁﬁ%\ts m and

aratio (Ro/ of .t vaol Isgivity Ro t h 2 i.stivi
_ O B d esiSdydty Ro to the O volune resistivity
RlLis 1 x 53f:fn%6i.'¢n f%e ani sotropically conductive sheet according

to thecpresent inventd; g&ecryé)lﬂ&r@sé@@iﬁwé/ﬂgy Roneerdr£f espbbyvdde 1 X
10" to Jrf x 1014 m nlq-{l%e ani sotropi cal |y condu%t'i ve i‘%eet g‘?:corjydi ng to

25 Lhe presaildiuenidofal e SURERCE: yEsinde LomPRYsinged csnbby besd. X
o 1 x 1016 91/0 (ohnf square) In the anisotropically conductive sheet
accordi ng t@mposed of an elastomer and conductive particles
exhibiting magnetism contained in the sheet base in a state
oriented so as to arrange in rows in a thickness-wise
10 direction of the sheet base, and dispersed in a plane
direction thereof, wherein

supposing that a volume resistivity in the thickness-
wise direction under an unpressurised state is Ry, and a
volume resistivity in the thickness-wise direction in a

15 state pressurised under a pressure of 1 g/mm®* in the
thickness-wise direction is Ri,

the volume resistivity Ry is 1 x 107 to 1 x 10 Q'm,
and

a ratio (R¢/R;) of the volume resistivity Ro to the

20 volume resistivity Ry is 1 x 10' to 1 x 10%.

In the anisotropically conductive sheet according to
the present invention, the volume resistivity Ro may
preferably be 1 x 10° to 1 x 10* Q-'m.

In the anisotropically conductive sheet according to

25 the present invention, the surface resistivity may
preferably be 1 x 10 to 1 x 10*® Q/U(ohm/square).

In the anisotropically conductive sheet according to



S the present invention, the total area proportion occupied by a substance
form ng the conductive particles detected by the electronic probe

m croanal ysis in one surface of the shéet may preferably be 15 to 60% 5
According to the present invention, there is also provided an

ani sotropi cally conductive sheet conprising a sheet base conposed of an

el ast onmer and conductive particles exhibiting magnetismand a vol une

resistivi tyc[hoef pr]es)én 02 @ #6 k0 & nEB QN aér{bﬂa?éifbﬁdﬁlweéc&%d na l0

state oriented*so as to arrange in rows In a kness-w se direction of

the sheet %yl%y sé%o%%&%in%%e% iy &l agaditsd iR dheranieddedde by

ani sotropiC ctive sheet” according to the present invention, the

conduct i ve par td1Qd &S dYe B dHE el ) ah D8 SIS ashdfs i ddd &f Ithd he
ani sotropi cally conductive sheet according to the present invention, a

non- magnet igh LANGURT intid dr dBMRANEd Np sibsg@nce may preferably be contained
in the sheet base.” 20 According to the anisotropically conductive sheets

of thespresent ixn@Ydion t¢ RGR iesultinmveasiisin vithedd is alswe
thi ckness-wise direction in a state pressurised falls wthin a specified
range, and gy iddd G RaliRlgtmipidiel 1w ctaminceiistshvedtly danpnising a
thi ckness-w se direction under 25 an unpressurised state to the vol ume
resistivityHdet ddse ednpgvsed cheni félastemge, andecatrdrgeive held inits
surface wunder an unpressurised state, and the charge, held in the
particles exhibiting magnetism and a volume resistivity of
1 x 102 to 1 x 10’ Q'm contained in the sheet base in a

10 state oriented so as to arrange in rows in a thickness-wise
direction of the sheet base, and dispersed in a plane
direction thereof.

In the anisotropically conductive sheet according to
the present invention, the conductive particles may

15 preferably be composed of ferrite.

In the anisotropically conductive sheet according to
the present invention, a non-magnetic conductivity-
imparting substance may preferably be contained in the
sheet base.

20 According to the anisotropically conductive sheets of
the present invention, since the volume resistivity R in
the thickness-wise direction in a state pressurised falls
within a specified range, and the ratio (Ro/Ry) of the
volume resistivity Ro in the thickness-wise direction under

25 an unpressurised state to the volume resistivity Ri falls

within a specified range, the charge is held in its surface

under an unpressurised state, and the charge held in the



6 surface is noved in the thickness-w se direction under a state
pressurised in the thickness-wi se direction, thereby controlling the
quantity of the charge at the surface. % BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a cross-sectional view for explanation illustrating the
construction of an exenplary anisotropically conductive sheet according to
the present invention. 10 Fig. 2 is a cross-sectional view for explanation
|| Tustrat i ng, Al iled Hogle fITBIeIBlAId et ionamdesns for med
inanold. Fig. 3 is a cross-sectional view for explanation illustrating a
state that g pat gl sumoned i tn fid dcHiaskndds-berse apptéetliém, ttigereby
sheet-formng material layer in a thickness-w se direction thereof. Fig. 4
is a expl ansdotno M &y i tHaisquait gy coflestieechasgel at the svafaeei on of
ani sotropically conductive sheets as to electrical properties in Exanples.
20 [Description of Characters] 1 Anisotropically conductive sheet, -10 Sheet
base, 10A Sheet-formng material |ayer, 20 Ml d, 21 Top force, 22 Bottom
force, B3 Spacer, 40 EarBRIEN adeSCREPTROON , OFP TdidoRAWIVEGParticl es 25 BEST
MODE FOR CARRYI NG QUT THE I NVENTI ON  The enbodi ments of the present .
invention will 7Fig. 1 is a cross-sectional view for explanation

illustrating the construction of an exemplary
anisotropically conductive sheet according to the present
invention.

10 Fig. 2 is a cross-sectional view for explanation
illustrating a state that a sheet-forming material layer
has been formed in a mold.

Fig. 3 is a cross-sectional view for explanation
illustrating a state that a parallel magnetic field has

15 been applied to the sheet-forming material layer in a
thickness-wise direction thereof.

Fig. 4 is a explanatory view illustrating a device
used in the evaluation of anisotropically conductive
sheets as to electrical properties in Examples.

20 [Description of Characters]

1 Anisotropically conductive sheet, 10 Sheet base,
10A Sheet-forming material layer, 20 Mold,
21 Top force, 22 Bottom force, 23 Spacer,
40 Earth plate, 45 Roll, P Conductive particles
25 |

BEST MODE FOR CARRYING OUT THE INVENTION

The embodiments of the present invention will



hereinafter be described in details. Fig. 1 is a cross-sectional view for
explanation illustrating the construction of an anisotropically

conductive sheet according to the present invention. This 5 anisotropically
conductive sheet is constructed by causing conductive particles P

exhi biting magnetismto be contained in a sheet base 10 conposed of an
elastomer in a state oriented so as to arrange in rows in a thickness-w se
direction of the sheet base 10, and dlsgersed in a plane 10 direction of
the sheet bagEeinAItRE bajdrAetibed tRedshaitshase 10 is, for exanple,

0.02 to 10 mm preferaply 0.05 to 8 mm he, ani sotro Eall conductive
sheet according tH'9the %?e%eﬁ¥°§ﬁv§%?Fbﬂna uﬁbﬁglﬁartﬁgP 3“6%%8

resi st t Kk d

under " br o3 tRet Bt ARy FheooR R FEE i AhcRheat. areacar PESERBY o R1. the
vol une resi st . 1 107 1

X 1011 Sam C‘P#‘g‘ﬂﬁ}\{%"%?ﬁﬁ%t)r(%%?%?gf‘% t the pelient ShOEAR g, BEY m %t
s A ETIeul Lok 9, £R0LE 81 1 heaaHan Eme%hg e LBabdRsrilctha pyrbacgial he

ani sot r opi ca? y con since discharge O he ¢ In

the surfacecthgheotyeo akggciaérBeeQIi\lE%\fg@ealaaRawgm' $0088Y cbatasnlh. | f

this volune resrstivi exceeds m on the other 25 hand, it

onriTediore gitbchga vosagiagis pessringt Bl basa e o
sheet is prgssehta@dsbNa8 to arrange in rows in a thickness-wise
direction of the sheet base 10, and dispersed in a plane

10 direction of the sheet base 10.

The thickness of the sheet base 10 is, for example,
0.02 to 10 mm, preferably 0.05 to 8 mm.

In the anisotropically conductive sheet according to
the present invention, supposing that a volume resistivity

15 in the thickness-wise direction in a state pressurised
under a pressure of 1 g/mm? in the thickness-wise direction
is R;, the volume resistivity R; is 1 x 107 to 1 x 10'? Q'm,
preferably 1 x 10%® to 1 x 10 Q'm.

If this volume resistivity Ry, is lower then 1 x 10’

20 Q'm, it is difficult to control the quantity of the charge
in the surface of the anisotropically conductive sheet,
since discharge of the charge held in the surface thereof
or the charge of reversed charge is easy to occur. If this
volume resistivity R; exceeds 1 x 102 Q'm on the other

25 hand, it is difficult to sufficiently discharge the charge
held in the surface of the anisotropically conductive sheet

when the anisotropically conductive sheet is pressurised in



the thickness-w se direction. In the anisotropically conductive sheet
according to the present invention, supposing that a volume resistivity

in the thickness-w se direction under argunpressurised 5 state is RO, the
volune resistivity Ro is preferably 1 x 109 to 1 x 1014 91-m particularly
1 x 1010 to 1 x 1013 S2m If this volume resistivity ROis |lower then 1 x
109 fl m it may be difficult in sone cases to sufficiently hold the
charge in the surface of the anisotropically 10 conductive sheet. If this
vol ume resitgte vitickR@sxodets directiPm. SZm on the other hand, it is not

preferred, since it takes a considerably long time to hold a prescribed
quantity of the clmartdee ianisntzanicrll biCQlICHNS R caaqq‘ifr‘g’d?ﬁiutc‘?i ve
sheet, and in addition, even 15 when the charge is heLd in the surface of
the ani sotﬁcfeﬁanegp%dWFWsmEO%%%%hﬁgﬁ% BV HE e hET TSt e Bhsy to
occur. In the anisotropically conductive sheet according to thedpresent

i nvention, ¥ rits G-RFEFHAS T The YL R UPRRT SRR TR BT RS vol une
resistivity RL is 1 x 101 to X 104,. preferab) y. 1 x 03q9 | f

]'Ehl shrﬁtji o VRYRDS % e 5eSto ydqu{"f ¢ e%ﬁép%ﬁgl?%% %e%f gfr) mance
or holding the charge.n the surface under .am unpressurdiseg state and the
per f or mancet®5t f’&rl(ilol & Ay Pﬁ&t&ﬁéﬁl&éﬁiynqt Ke lg’ur'f!tacgefigultqle gt g‘t’e

Conduct i ve sheet Hecares GRare “Febl 46100 1" 120 SRiPR! R0
Q:'m, it may be difficult in some cases to sufficiently
hold the charge in the surface of the anisotropically

10 conductive sheet. If this volume resistivity Ro exceeds 1
x 10 Q'm on the other hand, it is not preferred, since it
takes a considerably long time to hold a prescribed
quantity of the charge in the surface of the
anisotropically conductive sheet, and in addition, even

15 when the charge is held in the surface of the
anisotropically conductive sheet, discharge of the charge
is easy to occur.

In the anisotropically conductive sheet according to
the present invention, a ratio (Ro/R;) of the volume

20 resistivity Ro to the volume resistivity R; is 1 x 10* to 1
x 10%, preferably 1 x 10% to 1 x 10°.

If this ratio (R¢y/R;) is lower than 1 x 10!, a
difference in the performance for holding the charge in the
surface under an unpressurised state and the performance

25 for holding the charge in the surface in the state

pressurised in the thickness-wise direction in the

anisotropically conductive sheet becomes small, and so it



is difficult to control the quantity of the charge in the surface of the
ani sotropically conductive sheet. If this ratio (RO/Rl) exceeds 1 x 104 on
the other hand, the electric resistance gn the thickness-wise direction in
the 5 state the anisotropically conductive sheet has been pressurised in
t he thickness-wi se direction is too low, so that the charge held in the
surface is easily noved in the thickness-wise direction. As a result, it
is difficult to control the quantity of the charge at the surface. 10 In
the ani sot riopi &b ficubhdir 1 ¢Vt Ehbetha iR hgy 198 Hhe %P%E%ﬁthnBQﬁtlon
t he surface re5|st|V|ty is preferaply 1 x 1013 tp 1 S%%
parti cul ar1§uaface mf the ﬂnkSQEHEP%F%ﬁ lyfcem %CEhY?a e? si st VitSP i s
|l ower than 1 x 1013 15 SZ/ O it ga% 95 2di 1] cuIt some,cases to

e su

suffi ci ent 15241 tRe/tha) cﬁéFS@dPn rfAcE DO F%% aAFa3¢ r 53 plcally
duct t.. 1 f thi f 6 h
%? ner “hand,S %eg?gl?]olfei)+%?%$é%af§.%es'1? O CRCE % A
| d d 20 t t th
oo Sotr 8ot 15 cHim At Toetifeteat I £PRESELPs Qﬁeéw‘f‘%mﬂgént he charge s
neld in the, suriaeesoh lﬁethé”5§9§£8§%§a&£¥eC&BP&&E&&S sheebo dbachapoe of

t he char ge " 1S easSy 1O occur resent 1nvention vol une

resistivity, tﬂglgﬁ@rgs% 1&V1{&ytﬁ’% §G§f§Héf§§ee&§§l§thM{rEM oh the

ani sotropi calTy conductl eet can be nmeasured in the
thickness-wise direction. As a result, it is dlfflcult to

control the quantity of the charge at the surface.

10 In the anisotropically conductive sheet according to
the present invention, the surface resistivity is
preferably 1 x 10 to 1 x 10* Q/0, particularly 1 x 10%
to 1 x 10% Q/01.

If this surface resistivity is lower than 1 x 10%?

15 /0, it may be difficult in some cases to sufficiently
hold the charge in the surface of the anisotropically
conductive sheet. If this surface resistivity exceeds 1 x
10'® Q/[0 on the other hand, it is not prefered, since it
takes a considerably long time to hold a prescribed

20 quantity of the charge in the surface of the
anisotropically conductive sheet, and in addition, even
when the charge is held in the surface of the
anisotropically conductive sheet, discharge of the charge
is easy to occur.

25 In the present invention, the volume resistivity Ro,
volume resistivity R; and surface resistivity of the

anisotropically conductive sheet can be measured in the



followi ng manner. Vol ume resistivity Ro and surface resistivity: A
di sk-1i ke surface el ectrode having a dianeter of 16 mmis forned on one
surface of an anisotropically 5 conductil®e sheet by neans of a sputtering
apparatus by wusing Au-Pd as a target, and a ring-like surface el ectrode
havi ng an inner dianeter of 30 mm the central point of whichis
?ubstgntially the sane as that of the disk-like surface electrode, is
ormed. On other hand, a disk 10 |ike back surface el ectrode having a
di anet er ofE%E;?Wﬁ?% MIHEEY on the other surface of the anisotropical?y

conducti ve et at a, position.corres i t i.sk- |like surface
b@o r&% SreO? 1 1V1 %YJ?I%OG rainﬁg Sg‘]%‘pr%réaﬁg u]:tse% Jbg].%.\g.l.ﬁ}g(

el ectrode es y usi Au-Pd as a target.

15 Vol tage of 500, \4j & apply el hetueen dbe dhoksbiliey 2Ual aecel osiroge and

t he back surface electiro Ina state t e ring-l1ke surface el ectrode

has been caoppect g fp.qthe Ghoubd: ke 8o £ULH L1 ¥aL BEpbehegn the di sk-Tike
P

surface electrode and the back surface electrode is nmeasured, and a

vol ume kesistadhdyife ssedounyd fheonytHEsa sphteatingl sgpakuttibepy vol tage
of 1000 V is applied between the disk-like surface electrode and the

ring-like sysfRgeauer@cisoderingatstahe 4haingheikackuspataceleteebdede has
25 been connected to the ground, and a current val ue between the disk-1ike

surface el egdvDEle andihherridgmétke s8r8acem, ethet coferas peasuref, and a
surface resistivity is found 11
which is substantially the same as that of the disk-like
surface electrode, is formed. On the other hand, a disk-

10 like back surface electrode having a diameter of 30 mm is
formed on the other surface of the anisotropically
conductive sheet at a position corresponding to the disk-
like surface electrode by means of the sputtering apparatus
by using Au-Pd as a target.

15 Voltage of 500 V is applied between the disk-like
surface electrode and the back surface electrode iﬁ a state
that the ring-like surface electrode has been connected to
the ground, and a current value between the disk-like
surface electrode and the back surface electrode is

20 measured, and a volume resistivity Ro is found from this
current value.

Further, voltage of 1000 V is applied between the
disk-like surface electrode and the ring-like surface
electrode in a state that the back surface electrode has

25 been connected to the ground, and a current value between
the disk-like surface eleétrode and the ring-like surface

electrode is measured, and a surface resistivity is found




fromthis current value. Volune resistivity RL: An anisotropically
conductive sheet is placed on a gold plated el ectrode plate having a

di ameter of 50 nmand 5 a probe which has a disk-Iike electrode having a
di anmeter of 16 mmand a ring-like el ectrode having an inner diameter of 30
mm the central point of which is substantially the sanme as that of the

di sk-1i ke electrode, is pressed under a pressure of 1 g/mm 2 against this
ani sotropical ly conductive 10 sheet. Voltage of 250 V is applied between

t he eIectrcﬁEPa%ﬁQﬁﬁa%HﬁF?WﬁaYﬁ 'KE1ike electrode in a statgpthat the ring-
i ke electgp e has been connected to the ground, and a current val ue

bet ween t he' THEE et HHA{E-%rft 't he disk-Tike electrode is nmeasured, and a

o e sheo Rl e AP kayty (MRS £ HHEN. ¥ Wacddiof 251 070!

form ng the sheet y ~an I nsulating ymeri c substance

having a crosslinked. o SLTLCEULE, -, VALL OBy T4 ©4 | @ S dBY Dee USE dnSafir abl e
S i g naterials hi'e obt 20 this

pol yneric S0 nce-formn usa for al ni ng

crossligked, p&gg@lr},iggi&y%ggngedisﬁgﬂ 1EL Co £XBPPLES nhPERGOL 4DGhudey

conjugated di‘ene r ers such as ol ybut adl ene rubber, hatural rubber,

pol yi soprengs ridhgh . andt ¥ £06g UL REI E16c £PHQL YREY i AYDRET i AREragi yhedbtri | e-
but adi ene copol yner rubber, and hydrogenated products 25 thereof; bl ock

copol ynmer rapbeg SusUchh@scehyFenepbuhadbenghighens bhpskasopalyyetheubber
and styrene-isoprene block copolyner rubber, and hydrogenated products
thereof; anghrl@ as that of the disk-like electrode, is pressed under a
pressure of 1 g/mm? against this anisotropicaliy conductive
10 sheet. Voltage of 250 V is abplied between the electrode
plate and the disk-like electrode in a state that the ring-
like electrode has been connected to the ground, and a
current value between the electrode plate and the disk-like
electrode is measured, and a volume resistivity R; is found
15 from this current value.

The elastomer forming the sheet base 10 is preferably
an insulating polymeric substance having a crosslinked
structure. Various materials may be used as curable
polymeric substance-forming materials usable for obtaining

20 this crosslinked polymeric substance. Specific examples
thereof include conjugated diene rubbers such as
polybutadiene rubber, natural rubber, polyisoprene rubber,
styrene-butadiene copolymer rubber and acrylonitrile-
butadiene copolymer rubber, and hydrogenated products

25 thereof; block copolymer rubbers such as styrene-butadiene-
diene block copolymer rubber and styrene-isoprene block

copolymer rubber, and hydrogenated products thereof; and



besi des chl oroprene rubber, urethane rubber, polyester tubber,

epi chl or ohydrin rubber, silicone rubber, ethylene- propylene copol yner
rubber and et hyl ene-propyl ene-di ene copal ymer rubber. 5 When weat her
resistance is required for the obtained anisotropically conductive sheet,
any other materials than the conjugated di ene rubbers are preferably used.
It is particularly preferred that silicone rubber be used from the

i i nt f ol di d i bili d_10 el i cal i es.
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di ssolution- precipifation. 13
particularly preferred that silicone rubber be used from
the viewpoints of molding and processing ability and

10 electrical properties.

As the silicone rubber, those obtained by
crosslinking or condensing liquid silicone rubber is
preferred. The liquid silicone rubber preferably has a
viscosity not higher than 10° poises as measured at a shear

15 rate of 107! sec and may be any of condensation type,
addition type and those having a vinyl group or hydroxyl
group. As specific examples thereof, may be mentioned
dimethyl silicone raw rubber, methylvinyl silicone raw
rubber and methylphenylvinyl silicone raw rubber.

20 Among these, vinyl group-containing liquid silicone
rubber (vinyl group-containing dimethyl polysiloxane) is
generally obtained by subjecting dimethyldichlorosilane or
dimethyldialkoxysilane to hydrolysis and condensation
reaction in the presence of dimethylvinylchlorosilane or

25 dimethylvinylalkoxysilane and then fractionating the
reaction product by, for example, repeated dissolution-

precipitation.



Liquid silicone rubber having vinyl groups at both terminals thereof is
obt ai ned by subjecting a cyclic siloxane such as

oct armet hyl cycl otetrasi | oxane to anionici3pol ynerization in the presence of
a catalyst, using, for 5 exanple, dinethyldivinylsiloxane as a

pol ynerization term nator and suitably selecting other reaction conditions
(for exanple, amounts of the cyclic siloxane and the polynerization
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pol ystyrene; the same shall apply hereinafter) at nost 2 fromthe

vi ewpoi nt Otfébee L& eshmbanes of the cyalﬁtnsdlsﬁaﬂecahaetnat h devi ce.
25 On the ot her han hydroxyl group-containing liquid silicone rubber

(hydroxyl %@Pﬁn@@ﬂi@tﬂbx@%é’trﬁ?ﬁ@t’ér) polasidraxanealysefner athy obt ai ned by
subj ecting 14

anionic polymerization, may be used an alkali such as

10 tetramethylammonium hydroxide or n-butylphosphonium
hydroxide or a silanolate solution thereof. The reaction
is conducted at a temperature of, for example, 80 to 130°C.

Such a vinyl group-containing dimethyl polysiloxane

preferably has a molecular weight Mw (weight average

15 molecular weight as determined in terms of standard
polystyrene; the same shall apply hereinafter) of 10,000 to
40,000. The vinyl group-containing dimethyl polysiloxane
also preferably has a molecular weight distribution index
(a ratio Mw/Mn of weight average molecular weight Mw as

20 determined in terms of standard polystyrene to number
average molecular weight Mn as determined in terms of
standard polystyrene; the same shall apply hereinafter) of
at most 2 from the viewpoint of the heat resistance of the
obtained conductive path device.

25 On the other hand, hydroxyl group-containing liquid
silicone rubber (hydroxyl group-containing dimethyl

polysiloxane) is generally obtained by subjecting



di et hyl di chl orosi | ane or di net hyl di al koxysilane to hydrol ysis and
condensation reaction in the presence of dinethyl hydrochl orosil ane or

di met hyl hydr oal koxysi | ane and then frad#i onating the reaction product by,
for exanple, 5 repeated dissolution-precipitation. The hydroxyl
group-containing liquid silicone rubber is also obtained by subjecting a
cyclic siloxane to anionic polynerization in the presence of a catal yst,

usi ng, for . ex | e,. dinet hyl hydr ochl or osi.| , L0 .

met hyl di hyd’r%‘@%r%%%'bclf ‘b’%l”oa?/rff‘et%l‘ﬁk}%‘?s%&f 4 PENE 7% Dol yreri zat i on
term nat or ,an it.a I i t h | O, [ | e,
am)ulnt S 011: t}%cgrots:j&:sﬁsc ayn§ Fco%?n;éneiarpsgan%?rﬁ;r%% yfr‘%aIlF ?%f%lé%ér)%%% 8‘%5 e%ag '? he
catalyst fof

. [.on c I i an, ' h as
ot r ot hy SO RO LA (O s PRE Dy L 31
si | anol at e ;50| ut4d : h ggﬁ%' | Sodpid e rature
of , for exa%p%rg,f%gltr}g{%g @l]%hlr a y%%®f° ar ouﬁbg%(g’is n?)r{]%lﬁ%?ﬁbt hyl 20
pol ysi | >«ﬂy%#g5%égeﬁgé@é@ﬁ&fbﬁugfgégﬁgtg%géﬂn Mv of 10,000 to 40,000. The
hydr oxyl group-contal ning di nethyl polysiloxane also preferably has a
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heat resistance of the obtained conductive path device. 25 In the present
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di met hyl pol ysil oxane and hydroxyl group-containing dinethyl polysiloxane

may be usedolfmerization in the presence of a catalyst, using, for
example, dimethylhydrochlorosilane,

10 methyldihydrochlorosilane or dimethylhydroalkoxysilane as a
polymerization terminator and suitably selecting other
reaction conditions (for example, amounts of the cyclic
siloxane and the polymerization terminator). As the
.catalyst for the anionic polymerization, may be used an

15 alkali such as tetramethylammonium hydroxide or n-
butylphosphonium hydroxide or a silanolate solution thereof.
The reaction is conducted at a temperature of, for example,
80 to 130°C.

Such a hydroxyl group-containing dimethyl

20 polysiloxane preferably has a molecular weight Mw of 10,000
to 40,000. The hydroxyl group-containing dimethyl
polysiloxane also preferably has a molecular weight
distribution index of at most 2 from the viewpoint of the
heat resistance of the obtained conductive path device.

25 In the present invention, either one of the above-
described vinyl group-containing dimethyl polysiloxane and

hydroxyl group-containing dimethyl polysiloxane may be used,



or both may be used in conbination. In the present invention, a curing
catalyst may suitably be used for curing the polyneric substance-form ng
material. As such a curing catalyst, maysbe used an 5 organi c peroxide,
fatty acid azo conpound, hydrosilylated catalyst or the |like. Specific
exanpl es of the organic peroxide used as the curing catalyst include
benzoyl peroxide, bisdicyclobenzoyl peroxide, dicunyl peroxide and
di-tert-butyl peroxide. 10 Specific exanples of the fatty acid azo conpound
used as tHer ceRFhgiawtle ysted ntP uaemBEdeFEsPRobut yronitrile. Specific

exanmpl es of that used as the catal yst _for hydrosilylatjon reaction include
publicly known catfal§Rg PrEITRt at"FFAtT A ¢ %h?%?? %ﬁ%agﬁ??sm?%ereof,
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suitably se n view of Ki'n t he polyneric” substance- formng

mat eri al , t@€%§i€9t°$rtgﬁecﬂik89 catal yst and other curing treatnent
condi tions. wever, It 1s generally 3 to 25 15 parts by wei ght per 100

parts by weight of,dber DOl ¥RERp Les Sé'f)sﬁﬁé'cgr%Qﬁm:nﬁeﬂ@k@&éabseésaéh@he
conductive particles P contained in the sheet 16
curing catalyst include benzoyl peroxide, bisdicyclobenzoyl
peroxide, dicumyl peroxide and di-tert-butyl peroxide.

10 Specific examples of the fatty acid azo compound used
as the curing catalyst include azobisisobutyronitrile.

) Specific examples of that used as the catalyst for
hydrosilylation reaction include publicly known catalysts
such as platinic chloride and salts thereof, platinum-

15 unsaturated group-containing siloxane complexes,
vinylsiloxane-platinum complexes, platinum-1,3-
divinyltetramethyldisiloxane complexes, complexes of
triorganophosphine or phosphine and platinum, acetyl
acetate platinum chelates, and cyclic diene-platinum

20 complexes.

The amount of the curing catalyst used is suitably
selected in view of the kind of the polymeric substance-
forming material, the kind of the curing catalyst and other
curing treatment conditions. However, it is generally 3 to

25 15 parts by weight per 100 parts by weight of the polymeric

substance-forming material.

As the conductive particles P contained in the sheet



, base 10, conductive particles exhibiting magnetismare used fromthe
viewpoint of the fact that they can easily be oriented so as to arrange in
rows in the thickness-wise direction ofléthe resulting anisotropically
conductive sheet 5 10 by applying a nagnetic field thereto. Specific
exanpl es of such conductive particles P include: particles conposed of
nmetal s exhibiting nagnetism such as nickel, iron and cobalt, particles of

al loys 10 thereofo Dasieeles, & ot AL 10s Suehi WP Bhs. nAPHe DRER ! §1€5used

obtained by using these particlees as core particles and plating surtaces

of the corer gk tited 63 NSy R COPdUCd | ¥&cr MBEA ¥heFhcas £8S18)iNe to be
oxi di zed, such as gold, " silver, palladiumor rhodiunm 15 particles

conposed ofof SEAOIRUCIAS tHLFFRIGL | 1€ r&ERIPOYNEBe SHRDcREe L8 FR2se FEBE2,
FeRh, MiZn, Ni 3Mh, FeCo, FeN, N 2Fe, MhPt3, FePd, FePd3, Fe3Pt, FePt,

CoPt, CoPtYipdek BRIt e Pagliicles oL 0eepyalsyngohlieseipar shekes as
core particles and plating surfaces of the core 20 particles with a

conduct Bve Netsy appINing 4 esaghévectDidbd okédézed, such as gold, silver,
pal | adi um or rhodium particles conposed of ferromagnetic netal oxides,
such as ferrite rapeseint eskdyplde chenpchal cdduet ave PAOERCDSs (Mherein M
means a netal such as Mh, Fe, Ni, Cu, 25 Zn, My, Co or Li), or mxtures
(for exanplenchMnd€e ferrite, Ni-Zn ferrite, etc.) thereof, manganite such
as Fewvn204r cobaltite represented by the chem cal formula: MO Co203 17
particles composed of metals exhibiting magnetism,
such as nickel, iron and cobalt, particles of alloys
10 thereof, particles containing such metals, and particles
obtained by using these particles as core particles and
plating surfaces of the core particles with a conductive
metal which is resistive to be oxidized, such as gold,
silver, palladium or rhodium;
15 particles composed of ferromagnetic intermetallic
compounds such as ZrFe;, FeBe;, FeRh, MnZh, NisMn, FeCo,
FeNi, Ni,Fe, MnPt3, FePd, FePd;, Fe3Pt, FePt, CoPt, CoPt;
and Ni3Pt, and particles obtained by using these particles
as core particles and plating surfaces of the core
20 particles with a conductive metal which is resistive to be
oxidized, such as gold, silver, palladium or rhodium;
particles composed of ferromagnetic metal oxides,
such as ferrite represented by the chemical formula:
M!'O*Fe,0; (wherein M! means a metal such as Mn, Fe, Ni, Cu,
25 Zn, Mg, Co or Li), or mixtures (for example, Mn-Ze ferrite,

Ni-Zn ferrite, etc.) thereof, manganite such as FeMn;O4,

cobaltite represented by the chemical formula: M20*C0303



(wherein M2 neans a netal such as Fe or Ni) , Ni O 5Zn0O 5Fe2(4,

Ni 0, 35Zn0O. 65Fe2M4, Ni O 7Zn0. 2FeQ. j Fe2O4, _.and Ni O 5Zn0. 4FeQ. j Fe2M4, and
particles obtained by using these parti&ﬁes as core particles and plating
surfaces of the core particles with a 5 conductive netal which is resistive
to be oxidi.zed, such as gold, silver, palladiumor rhodium particles
obt ai ned by using particles of a non- magnetic netal, particles conposed of

an i nor gani g,;n SHDST I G e3E A% HAS S REAGS He GV hON,, Wiopﬁﬁgi,ﬁeﬁ‘;@ﬁ-o
conposed of a polynmer such as pol ystyrene or pol ystyrene <crosslinked by

di vi nyl benzgne, @%,CQF8,HAr NiG! 25,3 PlERLDRY asdrfiacesnpiréherem,g

particles with a conductive nmagnetic material such as nickel or cobalt;
and parti clasd obd ot Nelle s yb€LRéDDY hes Tog etipasé i phesivleéd dot bogenductive

magnetic 15 material and conductive nmetal which is resistive to be
oxi di zed. Avargidheseanwdonslstivg parfacéesof thadostévparphclés| esthawi ng a
volume resistivity (hereinafter referred to as "volunme resistivity Rp") of
1 X 1025t 0 dondu®Ti € Mhedl paliicloul artgsisXit@3tdoobé xxif6zE€H M aneh as
preferably used in that an anisotropically conductive sheet, the vol une
resistivitygddd ansi 'oeupepakbadiumi ¢y Fodfumhi ch satisfy the above
conditions, is certainly obtained. Specifically, conductive particles
conposed of ferrinarteplescobealingdthbe PSiechaperbicies nefaa MO Fe23
(wherein ML neans a netal such as M, Fe, Ni, CQu, Zn, My, Co or Li), or
m xt ures (frorgnekbgphretalh-partbetes eCompoFadf @fr #RelBPTYABLF| ke) t her eof
18

substance such as glass beads or carbon, or particles

10 composed of a polymer such as polystyrene or polystyrene
crosslinked by divinylbenzene as core particles and plating
surfaces of the core particles with a conductive magnetic
material such as nickel or cobalt; and particles obtained
by coating the core particles with both conductive magnetic

15 material and conductive metal which is resistive to be
oxidized.

Among these conductive particles, conductive
particles having a volume resistivity (hereinafter referred
to as “volume resistivity Rp”) of 1 x 10® to 1 x 107 Q-'m,

20 particularly 1 x 10° to 1 x 10° Q'm are preferably used in
that an anisotropically conductive sheet, the volume
resistivity Ry and volume resistivity R; of which satisfy
the above conditions, is certainly obtained. Specifically,
conductive particles composed of ferrite represented by the

25 chemical formula: M'O*Fe,0; (wherein M' means a metal such

as Mn, Fe, Ni, Cu, 2Zn, Mg, Co or Li), or mixtures (for

example, Mn-Ze ferrite, Ni-Zn ferrite or the like) thereof



are preferably used. These conductive particles may be those on the
surfaces of which an insulating coating has been forned for the purpose of
adj usting the conductivity thereof. For 18he 5 insulating coating, may be
used an inorganic material such as a netal oxide or silicon oxide
compound, or an organic material such as a resin or coupling agent. In the
present invention, the volune resistivity Rop of the conductive particles
can be nmeasured in.th é? follow ng manner. A closed-end cylindrical cel
havi ng an i?ﬁﬁnpr%ﬁ%f(§ 6125 nm a depth of 50 nmm and a bottom formed by

an el ectrode havi,ﬂ}qasae gduo?{@cegl‘pé F?%migs ciﬁj%;qgg %%pet ttc;gnducti ve

particles, and the €on ve ‘parti Ccl €s are préssed undér a pressure of
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state, voltage o s applied ectrodes to neasure a

current valug, and £l 569%@@&%%5@%0@&1@8%199@} thELEEPY TRJWidHE @

vol unme resistivity Rp fro O these values. The nunber average particle

di anet eg Ofiﬂélﬁlaﬁﬂwbt@éétv_ﬁq(?@rxﬂ}?'@é Psbg prefgspbhnid hotdrf99 Suchore
preferably 2 to 500 gm still nore preferably 5 to 300 pm particularly

preferably 4 4 a8 noxL2he Wiens i hecsesokidadeampsehd ppbeakhyoegadueti ve
sheet is required to have snmaller intervals anong conductive paths forned
in a thicknessese slidlecis on tdeiwodr byolipeidd agent.
In the present invention, the volume resistivity Ry
of the conductive particles can be measured in the
10 following manner.
A closed-end cylindrical cell having an inner
diameter of 25 mm, a depth of 50 mm and a bottom formed by
an electrode having a diameter of 25 mm is charged with the
conductive particles, and the conductive particles are
15 pressed under a pressure of 127 kg/cm? by a columnar
electrode having a diameter of 25 mm. In this state,
voltage of 100 V is applied between the electrodes to
measure a current value and a distance between the
electrodes, thereby finding a volume resistivity Ry, from
20 these values.
The number average particle diameter of the
conductive particles P is preferably 1 to 1,000 um, more
preferably 2 to 500 Mm, still more preferably 5 to 300 pum,

particularly preferably 10 to 200 pm.

25 When the resulting anisotropically conductive sheet
is required to have smaller intervals among conductive

paths formed in a thickness-wise direction thereof by the




conductive particles P, i.e., high-resolution anisotropic conductivity,
those having a smaller nunber average particle dianeter are preferably
used as the conductive particles P. SpéBifically, conductive particles
having a 5 nunber average particle dianmeter of 1 to 20 m particularly 1
to 10 mare preferably used. The particle dianeter distribution (Dw Dn) of
the conductive particles Pis preferably 1 to 10, nore preferably 1.01 to

oSt MG AN A i d & 5 10 pa{diElald s s Al dedodid 0 4.

When conductive particle satisfyi'ng such cohditions "are used, the
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resul ting ?ryéﬁg\ltﬁt%wlﬁn,t ytlgcf’sfelg‘ifal\}l‘{f‘g shegta1 REC HRRHEASYyd L glet or m under

pressure, I Cl trical” contact 1s achieved anong the

conducti ve pla-fartd o Ge ik RAFd ip;f)ﬂ&ﬁ&dﬂm taddPrad schdmaseshopi$de shape
of the conductive particles P. wever, they are preferably in the shape

of a spher ¢ frtig11&fs \p OF sPelBES Al 1956C LRIt iR PHaGltaT 10 diaRahddk
aggregating these particles fromthe 20 vi ewpoint of permtting easy

di sper sson Rimddiest diddd Qefistid b tdeal & BRI £ CL stbsi@nge; forming material .
The content of water in the conductive particles Pis preferably at nost

5% nore praiwerialdadty Osdo 3% 16t idde gy Bl enaddg. at nost 2%
particularly preferably at nost 25 1% The use of conductive particles
sati sfying such Thengiaxtdnsl e ahl guresteantdicrtaithithidn t (T Arcure®nides of
bubbl es wupon the curing treatnent of the polyneric substance 20
conductive particles P is preferably 1 to 10, more
preferably 1.01 to 7, still more preferably 1.05 to 5,
10 particularly preferably 1.1 to 4.

When conductive particle satisfying such conditions
are used, the resulting anisotropically conductive sheet
becomes easy to deform under pressure, and sufficient
electrical contact is achieved among the conductive

15 particles.

No particular limitation is imposed on the shape of
the conductive particles P. However, they are preferably
in the shape of a sphere or star, or a mass of secondary
particles obtained by aggregating these particles from the

20 viewpoint of permitting easy dispersion of these particles
in the polymeric substance-forming material.

The content of water in the conductive particles P is
preferably at most 5%, more preferably at most 3%, still
more preferably at most 2%, particularly preferably at most

25 1%. The use of conductive particles satisfying such

conditions can prevent or inhibit the occurrence of bubbles

upon the curing treatment of the polymeric substance-



forming material. The proportion of the conductive particles P in the

sheet base 10 is suitably selected according to the intended end
application of the resulting anisotropi @ |y 5 conductive sheet and the
kind of the conductive particles wused. However, it is preferably sel ected
froma range of generally 3 to 50% preferably 5 to 30 in ternms of vol une
fraction. If this proportionis |lower than 3% it nmay be difficult in sone
cases to fq ive: paths 10 sufficiently lowin electric resistance.
If the proﬁ%rlﬁgﬂfqgi%%éés 50% on the other hand, the resulting conductive

sheet tends to b RS fon | 5t A SAIEON E A ye LONNCE T ¥& St

according to the present 1nvention, the total area proportion of regions

15 in whi chyesubsd ancey F o8 gL dhey contiictéyeapastichgstd BRe been
‘detected when an el enental analysis test has been conducted by the

el ectroni c piabeiddl C&RRNBY Sl Sat EEWFO£ | fhe OREsSUEiRGCani sbbLophegLLYS
preferably 15 to 60% particularly 25 to 45% based on the whol e area of

the 20 gbj esdndegi NS siede instede Nl $Di shoroppducoivesphoveeléban 15%
the proportion of the conductive particles P present at the surface of

such an anis$éd opiHzaldwerconchicits v esffeaatblor deledter] Vimomid yrdnwe enf s
| ow, and so the volune resistivity 25 Rl thereof beconmes high. As a result,
it my be didéfiecally 3 ntsoh®tcasesfénalobptbototB@e gnahérmy of vbdummge at the
surface of the anisotropically conductive sheet, and it is 21
fraction. If this proportion is lower than 3%, it may be
difficult in some cases to form conductive paths
10 sufficiently low in electric resistance. If the proportion
exceeds 50% on the other hand, the resulting conductive
sheet tends to become brittle.

In the anisotropically conductive sheet according to
the present invention, the total area proportion of regions

15 in which a substance forming the conductive particles P has
been detected when an elemental analysis test has been
conducted by the electronic probe microanalysis (EPMA) in
one surface of the sheet is preferably 15 to 60%,
particularly 25 to 45% based on the whole area of the

20 object regions to be tested.

When this proportion is lower than 15%, the
proportion of the conductive particles P present at the
surface of such an anisotropically conductive sheet or in
the vicinity thereof is low, and so the volume resistivity

25 R; thereof becomes high. As a result, it may be difficult

in some cases to control the quantity of charge at the

surface of the anisotropically conductive sheet, and it is



necessary to pressurise the anisotropically conductive sheet by a higher
pressure for the purpose of achieving conductivity necessary in the

t hi ckness-wi se direction thereof. Such2a | ow proportion is hence not
preferable. 5 If this proportion exceeds 60% on the other hand, the
proportion of the conductive particles P present at the surface of such an
ani sotropically conductive sheet or in the vicinity thereof is high, and
so the volune resistivit thlckness W se g¥rect on_under the

unpr essur i SEFST XA %F?Wé?%ﬁn? TSR SIS c?? T &t Y% be | ow.
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formng the co ductive ave beéen can sured by
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el enentary analysis speci fic conditions, di mrension of an

irradiati Orbﬁi%rﬁ‘oﬁ her etiectsnubeaite I@alltpalés Ip gpres&LL URt akget | Me Of
the characteristic X- rays is 10 nsec, and the detection depth of elenents

is about Zspri{dorpt %mré@c&motf@pmwyr@@m@dztyv35s1¢@@ﬂusflm sheet .
The X-Y sanple stage is noved 1 pmby 1 pmin an X direction or Y

di‘ recr:]ti gg therehyi congdugié rgof | 14 atliglt | oandfsé hehel eclume bespstileiegti on
or the Ro in the thickness-wise direction under the unpressurised
10 state, and the surface resistivity are liable to be low.
Specifically, the total area proportion of regions,
in which a substance forming the conductive particles P
have been detected, can be measured by means of an
“Electron Beam Microanalizer EPMA-8705” manufactured by
15 Shimadzu Corporation in the following manner.
An anisotropically conductive sheet is placed on an
X-Y sample stage, and one surface of the anisotropically
conductive sheet is then irradiated with an electron beam
to detect characteristic X-rays generated thereby to
20 conduct an elementary analysis. As specific conditions,
the dimension of an irradiation spot of the electron beam
is 1 ym x 1 um, the uptake time of the characteristic X-
rays is 10 msec, and the detection depth of elements is
about 2 um from the surface of the anisotropically
25 conductive sheet. The X-Y sample stage is moved 1 Hm by 1

um in an X direction or Y direction, thereby conducting

irradiation of the electron beam, detection of the



characteristic X-rays and elenentary analysis as to 512 x 512 points in
total. Fromthe results of the el enentar analysis as to 512 mx.512 m
object regions to be tested at one sur?éce of the anisotropically
conductive sheet 5 neasured in such a manner, a map indicating regions, in
whi ch the substance form ng the conductive particles has been detected in
the object regions to be tested, is prepared. The map is then subjected to

i mage anal ygj ey hindi Pl AR 1 Pfaddg 410t &l s ¥ easof Lhe 10

: ract &h
regions, in i°Ch™ t he substanéggfornlng the conducti've particles P has

been detectsad, Ji ddie i) @& 1f1 theroh ek re8ai1leds oo the tash@taldy t he
ani sotropically conductive sheet according to the present invention, a

non- magnet i¢, gonductdvidy shy iEPal t510 15 YRGS FBL difs HSRRY Sdhddu t he
sheet basea 5 as né%ded, for the puré%ge 3f controlling the values of the

vol ume resisyt iofid YsuREa Ol Hee Hrfitd ot Hap iRla AIRE SoHdpeeive esiedt vity. As
such a non-magnetic conductivity-inparting 20 substance, may be used a
subst anse endddUirdddrc GdICtd Wdnheby d i firdiesei e tesgiys Al o be
referred to as "self- conductive substance"), a substance devel opi ng
conduct i vi tyhiddy tales ardbstginas Sarmei ridherted nedriduciiaye gaot beleefleased to
as "hygroscopi c conductive substance") or the |ike. These 25
sel f - condudtdere dettbdhayt dgcapiec aoeiictiasi substarivestested belused eit her
singly or in any conbination thereof. The self-conductive substance may be
general | y ghreeg@are2B The map is then subjected to image analysis,
thereby finding a proportion of the total area of the
10 regions, in which the substance forming the conductive
particles P has been detected, to the area of the object
regions to be tested.
In the anisotropically conductive sheet according to
the present invention, a non-magnetic conductivity-
15 imparting substance may be dispersed in the sheet base 10,
as needed, for the purpose of controlling the values of the
volume resistivity Ry, volume resistivity R; and surface
resistivity.
As such a non-magnetic conductivity-imparting
20 substance, may be used a substance exhibiting conductivity
by itself (hereinafter may also be referred to as “self-
conductive substance”), a substance developing conductivity
by absorbing moisture (hereinafter may also be referred to
as “hygroscopic conductive substance”) or the like. These
25 self-conductive and hygroscopic conductive substances may

be used either singly or in any combination thereof.

The self-conductive substance may be generally chosen



for use from substances exhibiting conductivity by free electrons in a
nmetal lic bond, substances undergoi ng charge transfer by transfer of excess
el ectrons, substances undergoing chargestransfer by hole transfer, 5

or ganopol yneri ¢ substances having it-bonds along a main chain to exhibit
conductivity by interaction thereof, substances undergoing charge transfer
by interaction of groups present in side chains, etc. Specifically, non-
magnetic netals such as platinum gold, silver, copper,. 10 al um num
manganese, HAhadise ifrom s tafiasmeHolBiiarlrfOndH St Uty tRiht B¢ and
chrom um non-magneti c conductive netal oxides such as copper dioxi de,

zi nc oxi de,2aGFFRRYE D ghdiaEni LR B dSURIRRRE S WIS 1T ST Hhces

such as whi sker tassiumtitanate and carbon; sem cqnductive 15
Subst ance. SranaEe D B ATLSH 8 G Ca S LRI AN e ol fi de:

car bonaceous subst.ance such_@s car bon bl.ack .and gphite; conducti ve
pol yneri ¢ Ty s ﬁﬁﬂii%%t ?xﬁ%ﬁﬁéﬁﬁ pol yphenyl ene

pol ymers and heterocycl. c | ymers sych as thiophenyl ene polyners; etc. 20
may’ be Bised ¥ IATRRS SR L PSR 4 SO R A A (T hpar 1 ng
subst ances gj.t.her. si Mo 5Q d L AV S nat iﬁ% I groscopi c
conducti ve cg{u%lrsht z;cr?ze&gn%l;b Ol-'re dc osentl‘{‘:lcolérgpuk;sytaa1 }fr?%"n% su %?’gn%%%e?%?h‘i ng an ion

Lo transt els fallee 2l ddit AP on S LANGRS IRV NG e SEQUPLEY O I 1

polarity, such as a hydroxyl group or” ester group,” etc. Specifically,

subst ances §; UGS Oh S @idfs, etc. Specifically, non-
magnetic metals such as platinum, gold, silver, copper,

10 aluminum, manganese, zinc, tin, lead, indium, molybdenum,
niobium, tantalum and chromium; non-magnetic conductive
metal oxides such as copper dioxide, zinc oxide, tin oxide
and titanium oxide; conductive fibrous substances such as
whisker, potassium titanate and carbon; semiconductive

15 substance such as germanium, silicon, indium phosphide and
zinc sulfide; carbonaceous substances such as carbon black
and graphite; conductive polymeric substances such as
polyacetylene polymers, polyphenylene polymers and
heterocyclic polymers such as thiophenylene polymers; etc.

20 may be used. These substances may be used as the
conductivity-imparting substances either singly or in any
combination thereof.

The hygroscopic conductive substance may be chosen
for use from substances forming an ion to transfer charge

25 Dby the ion, substances having a group high in polarity,

such as a hydroxyl group or ester droup, etc.

Specifically, substances forming a cation, such as



guat ernary anmoni um salts and am ne conpounds; substances form ng an

ani on, such as aliphatic sulfonic acid salts, higher alcohol sulfate
salts, higher alcohol ethylene oxide-added sulfate salts, higher al cohol
phosphate salts 5 and hi gher al cohol ethyl ene oxide-added phosphate salts;
substances form ng both cation and anion, such as betaine conpounds;
silicon conpounds such as pol ychl orosil oxane, al koxysil ane,

pol yal koxysj rﬁﬂQrQﬂ+N KOXYSiq 3 j tqﬂgg as
conduct i ve%dr ethane,” po yc%}lny %Ol%?ﬁlaﬁ%g%ﬁ%%i' t erée%%?@% coholic
surfact ant se g g ash haNel, ad@ahals el yhigder Oxddeson POl ¥eIdYs £1€s 9l yeol

fatty acid esters and pol yhydric al cohol” fatty acid esters; substances

having a gnpghd¥ H1ddhdol Al takhe SdETEAS hdphySaELdetid desth @t éne MBY be
used. These substances may be 15 used as the conductivity-inparting

subst ances @iideradddl sl Rtd NsaNYs CHRyHeE | SIcIHET EfiospiRRY $4BLs

hygr oscopi ¢ conductive substances, the aliphatic sulfonic acid salts are
preferred ighd hatghHdeyaldwiusel highy hapd desdstanded pliesplodte i alts;
conpatibility with 20 elastic polyneric substances, and do not cause

pol yneri zatsubstdarieds ti@mimy thecd cdamiowmnomd amiet assuch pollyaedice
subst ance. As such aliphatic sulfonic acid salts, are preferred those
havi ng an atdmpowrdrip $ialicmn IébrnpoRds asbon @t gpelyclRboseshlesane,

1- decanesul fonat es, 1-undecanesul fonates, 1 dodecanesul f onat es,

1- t ri decaneskidxysileand, trakvaldeenics 1 bané omed a0 1va peexyelbtexarel f onat es,

1- hexadecanesul fonat es, 25 _ )
polymeric substances such as conductive urethane, polyvinyl

10 alcohol and copolymers thereof; alcoholic surfactants such
as higher alcchol ethylene oxides, polyethylene glycol
fatty acid esters and polyhydric alcohol fatty acid esters;
substances having a group high in polarity, such as
polysaccharides; etc. may be used. These substances may be

15 used as the conductivity-imparting substances either singly
or in any combination thereof.

Among the hygroscopic conductive substances, the
aliphatic sulfonic acid salts are preferred in that they
have high heat resistance; are good in compatibility with

20 elastic polymeric substances, and do not cause
polymerization inhibition in the formation of an elastic
polymeric substance.

As such aliphatic sulfonic acid salts, are preferred
those having an alkyl group having 10 to 20 carbon atoms,

25 such as l-decanesulfonates, l-undecanesulfonates, 1l-
dodecanesulfonates, l-tridecanesulfonate, l-tetradecane-

sulfonates, l-pentadecanesulfonates, l-hexadecanesulfonates,



1- hept adecanesul f onat es, 1-octadecanesul fonates, 1- nonadecanesul f onat es
and 1-ei cosanedecasul fonates, and isoners thereof. As the salts, are
preferred salts with alkali netals sucBb5as |ithium sodium and potassium
with 5 the sodiumsalts being particularly preferred in that they have

hi ghest heat resistance. A proportion of the non-magnetic conductivity-

i nparting substance in the conductive elastoner i's suitably set according

to the kin f the, conducti | pay 0. subst the egree of

i nt ended cghglﬁpﬁa\ﬂ% es[‘%lfvor}—%%ﬁle @adl GRS ?/ Trgm a range of
0. 2% by wei adeca rforprteéseraqi) yl —e1 c(}’é q’led%c/ g}llf@ the non-
nmagnetic ne I} I's use singly as & conductivi Y- |npar |ng " subst ance, 1%

by Wel 0Nt of, Uy L A0k G5 50 G SYAA ok o 41%R Uikt

non- magnetl ¢ conductive netal oxide is used si ngly as

conduct i vi tyriiPartd 1 s UWARIANEGES 1 D 1oim DYs §&i i ta ﬁ&ﬂ@ésuﬂﬁ eferapbly 0.02
to 0.2% by wei ght when the conductive fibrous substance is used singly as

the congucting taisd RRrdd NG PDSIRNCErt 13 Dy Wi (e £ OF rd @WEK , th20 B&ferably
0.08 to 0.8% by weight when the carbon black is wused singly as the

conduct i vi thajd Mgt st anesi s®hif% . by wei ght or |ower, preferably 0.05
to 0.5% by wei ght when the conductive pol yneric substance is used singly

as the conducti W tprdpgmaridm® B Wi aiemagneth dycovdght iwity-ower, 25
preferably 0.08 to 0.8% by wei ght when the hygroscopic conductive
subst ance iimpeaed sy ngikys Benddei ofttel cddrvdld e 1 verpal 4 s tgmet bss amgetahen t he
above various conductivity 26
set according to the kind of the conductivity-imparting
10 substance, the degree of intended conductivity, etc.
However, it is generally set from a range of 0.2% by weight
or lower, preferably 0.01 to 0.1% by weight when the non-
magnetic metal is used singly as the conductivity-imparting
substance, 1% by weight or lower, preferably 0.05 to 0.5%
15 by weight when the non-magnetic conductive metal oxide is
used singly as the conductivity-imparting substance, 0.5%
by weight or lower, preferably 0.02 to 0.2% by weight when
the conductive fibrous substance is used singly as the
conductivity—-imparting substance, 1% by weight or lower,
20 preferably 0.08 to 0.8% by weight when the carbon black is
used singly as the conductivity—imparting substance, 0.8%
by weight or lower, preferably 0.05 to 0.5% by weight when
the conductive polymeric substance is used singly as the
conductivity-imparting substance, or 1% by weight or lower,
25 preferably 0.08 to 0.8% by weight when the hygroscopic

conductive substance is used singly as the conductivity-

imparting substance. When the above various conductivity-



i mparting substances are used in conbination, the proportions thereof
set in view of the above respective ranges. In the conductive el astoner,
may be contained a 5 general inorganic £6ller such as silica powder,

col | oi dal

silica, aerogel silica or alum na as needed. By contai ni ng

are

such

an inorganic filler, the thixotropic property of the material for formng
the sheet base 10 is ensured, the viscosity thereof becones high, the

di sper si on stahididy Alndaddes SAIURLLY S RAShELES: L Sn enbRged, and

nor eover the  strengt

e resulting sheet base i's enhanced.. No

particul ar ighdati o i hd FRosed Onsdhes Anpusy OF i¢Chodve | ROSZEBEEyEI | | er

used. However, the use In a large anount Is not preferred because the
orientationgfgdhe 15 conductive particles by a magnetic field cannot be

fully achieved. Such an anisotropically conductive sheet can be (
for exanple, in tie i |MdAEtBANe Ladrdhovahey SheetodOdmed aut eri al

pr oduced,

with conductive 20 particles exhibiting magneti smand an optionally used
non- . magnetqgen &l Ui o sadryt d Pl 1é 1N 0swetDsd aansel Tt & peswedr | Nncelldigaid

pol ymeric substance-form ng material, which will becone an insulating
el asti c polyinetca, sadasdgelesbyica curahgninzadsenteded. f iBywtcqrpariady and

the sheet-formng 25 materi al

Fig. 2,

so constructed that a top force 21 and 27

10

15

20

25

material for forming the sheet base 10 is ensured, the
viscosity thereof becomes high, the dispersion stability of
the conductive particles is enhanced, and moreover the
strength of the resulting sheet base 10 is enhanced..

No particular limitation is imposed on the amount of
such an inorganic filler used. However, the use in a large
amount is not preferred because the orientation of the
conductive particles by a magnetic field cannot be fully
achieved.

Such an anisotropically conductive sheet can be
produced, for example, in the following manner.

A flowable sheet-forming material with conductive
particles exhibiting magnetism and an optionally used non-
magnetic conductivity-imparting substance dispersed in a
liquid polymeric substance-forming material, which will
become an insulating elastic polymeric substance by a
curing treatment, is first prepared, and the sheet—-forming
material is filled into a mold 20 as illustrated in Fig. 2,
thereby forming a sheet-forming material layer 10A.

The mold 20 is so constructed that a top force 21 and

is filled into a nold 20 as illustrated in
t mradbyard cimergprricheel Léor nilng Pt eotodpiayprof@ity ThE bibéd 20 is



a bottomforce 22 each conposed of a rectangular ferromagnetic plate are
arranged so as to be opposed to each other through a rectangul ar
frame-1i ke spacer 23. A nold cavity is2defined between the | ower surface
of the top 5 force 21 and the upper surface of the bottomforce 22.

El ectromagnets or pernmanent magnets, for exanple, are then arranged on the
upper surface of the top force 21 and the |lower surface of the bottom

f 22 t I Il el tic field.to th h - f i teri
force 22 L0, MELVug (PRl Lol IRgneLic 1Ls! 212 Lhe sheet forming mter o
lt, i h h -f i terial | 10A, t duct i ticl
sl L HEESIq L MO L Sl Laen, 1004 LhE neogdetiye gart ol es
orranse [n S A LILSKESS Weedincet pRupL it shplelosmng,

as i11ustrafetyigefig & JReInddo, 0apsIRORL | fo, GPNOUEELYL Yo ERET 11RO

substance is contaln sheet - ormng materl a ayer

conduct Vi tysi DAL i gy SHOSISPCE LerBhOS Gt SLRd o GL EHRT BEEcEn2hhe
sheet-form ng 20 material |ayer 10A even when the parallel magnetic field

is applied. In thiccetHLndtle SPOSrd KON IARESES Al £bAYEkarkBTe , | Sre

subjected to a curing treatnent, thereby obtaining an anisotropically
conducti ve ghaeta£pamgédi 88 8hehagbeRas rdaceomrosatt ofog heotdsUp at hng

el astonmer and the conductive particles P contained in the sheet base in a
state orientlesl 1sweas s@r@acanNgefi Nnthewsbobtémt i skdesm o dappali oa 28

parallel magnetic field to the sheet-forming material layer

10 10A in the mold in the thickness-wise direction thereof.
As a result, in the sheet-forming material layer 10A, the
conductive particles P dispersed in the sheet-forming
material layer are oriented so as to arrange in rows in a
thickness-wise direction of the sheet-forming material

15 layer while retaining a state dispersed in a plane
direction as illustrated in Fig. 3. When the non-magnetic
conductivity~imparting substance is contained in the sheet-
forming material layer 10A, the conductivity-imparting
substance remains a state dispersed in the sheet-forming

20 material layer 10A even when the parallel magnetic field is
applied.

In this state, the sheet-forming material layer 10A

is subjected to a curing treatment, thereby obtaining an
anisotropically conductive sheet comprising a sheet base

25 composed of the insulating elastomer and the conductive
particles P contained in the sheet base in a state oriented

so as to arrange in rows in a thickness-wise direction



thereof. In the above-described process, the intensity of the parallel
magnetic field applied to the sheet-formng naterial |ayer 10A is
preferably an intensity that it 5 anoudBs to 0.02 to 1.5 T on the average.
When the parallel magnetic field is applied in a thickness-w se direction
of the sheet-formng material |ayer 10A by the permanent nagnets, those
conposed of alunico (Fe-Al-Ni-Co alloy), ferrite or the like are 10
preferably ysgd s the permanent magnets in that the intensity of the
parall el magnetic field within the above range is achieved. The curing

treatment of the ;shegle fAIUNGIRLEHE plAVESs 10/ B Qh SONFUSE ehd n the
state that the parallel 15 magnetic field has been appli ed. wever, the

treat ment Earals0 heGoductet ol taip siapptHocides Pt L £admPig of the
paral l el magnetic field. The curing treatnment of the sheet-formng material

|l ayer 10A infatsdtt 1201 Nayredd em&diélq&ﬁﬁ@f&olﬁ dheineéesiey tRdcuped. However,
the treatnment is generally conducted by a heat treatnent. Specific heating
t enper abur enechtreatd My. 02 it re Buwn athy sedesged in view of the kind of
the polyneric substance-form ng material making up the sheet- formng
materi al | ayer 10Weranthd lpatd Kesl trieegrie tec riepilad ek 2dpporedrodrenent of the
conductive particles P, and the like. According to the anisotropically
conduct i ve Bhestnads-wire gbiovec eyt rébHethe onlzeé tvi o uning hrea vet iak
resistivity RL 29
layer 10A by the permanent magnets, those composed of
alunico (Fe-Al-Ni-Co alloy), ferrite or the like are
10 preferably used as the permanent magnets in that the
intensity of the parallel magnetic field within the above
range is achieved.
The curing treatment of the sheet-forming material
layer 10A may be conducted in the state that the parallel
15 magnetic field has been applied. However, the treatment
may also be conducted after stopping the application of the
parallel magnetic field.
The curing treatment of the sheet-forming material
layer 10A is suitably selected according to the material
20 used., However, the treatment is generally conducted by a
heat treatment. Specific heating temperature and heating
time are suitably selected in view of the kind of the
polymeric substance-forming material making up the sheet-
forming material layer 10A, and the like, the time required
25 for movement of the conductive particles P, and the like.

According to the anisotropically conductive sheet of

the above-described constitution, the volume resistivity R;



in the thickness-wise direction in a state pressurised falls within a
specified range, and the ratio of the volune resistivity ROin the

t hi ckness-w se direction under an unpré8surised state to the vol une
resistivity RL falls 5 within a specified range, and so the charge can be
held in its surface under the unpressurised state, and the charge held in
the surface can be noved in the thickness-wse directionin a state

bressuri sed; | nghe 4 ghiesss i een AiLepion, LNaeby sonsoLling the

gquantity o he  charge e Surface. e connected is

brought. | Nt LNLAG I th o00e; SLES 366 ol SHED A Ph 8RS TOP! £AL | YoLume

conductive sheet accor e present 1nvention, ereby a state of

m croscopi créélfé@f&lﬂ]» S LRUEh@NtRE cRNEYEOLELY Qf réetEbRChhbekt ¥nSUCh as
static electricity, €lectrostatic capacity or ionic quantity in the

surface of Jhis-JBbelsd® sbecLopegied,Samderds poef eI£@drt FAand held in
the surface "of the anisotropically conductive sheet. urt%er, t he nmenber

to be cgnnegi@di sa PIRSSELE APak Aivde ONEnS US b 2€18e Odhalfe t &n Rk SRET@PLKAl |y
conductive sheet, the state of mcroscopic surface distribution of the

quantity ofitelfcifdcd tynddANSHe rigsh @dshihpd 6l cavabe, navedethe ther§é her
surface of the anisotropically conductive sheet. Specifically, the
ani sotropi dedld oncheetswef sdweatan 2be ascosdi iy tice t tiel pkesestwisgention i s
useful as a sensor part for shifting the electrostatic capacity
di stributi airedtidre surd aceatod @resnspesed ointeigethicknas8Owise
direction, thereby controlling the quantity of the charge
10 in the surface.

A member to be connected is brought into contact with
one surface of such an anisotropically conductive sheet
according to the present invention, whereby a state of
microscopic surface distribution of a quantity of

15 electricity such as static electricity, electrostatic
capacity or ionic quantity in the surface of the member to
be connected can be transferred to and held in the surface
of the anisotropically conductive sheet. Further, the
member to be connected is pressed against one surface of

20 the anisotropically conductive sheet, the state of
microscopic surface distribution of the quantity of
electricity transferred and held can be moved to the other
surface of the anisotropically conductive sheet.

Specifically, the anisotropically conductive sheet

25 according to the present invention is useful as a sensor

part for shifting the electrostatic capacity distribution

of the surface of an inspection target to an



instrumentation part in, for exanple, an electrical inspection apparatus
of an electrostatic capacity system for printed wiring boards or the I|ike.
According to such an electrical inspecBDon apparatus, the electrostatic 5
capacity distribution of the surface of the inspection target can be
expressed as a two-di nmensional inmage. In addition, for exanple, a pattern

i mage of ions generated froma witing apparatus such as al aser printer

| ect, tat t.t t i 0 el ect
copyi ng macHE sy t?.aatlco%%&ea'ﬁr% LRSS i .a'cral e rmge ¢ hrough
t he ani sot QR e%glyon atﬂ e Shegt aceardi 41% dle%r%%é?%gntl on.

Accor di ng t the ani sotropical 1y conductive s e present

nventi on, 2,5t Ate, afy mﬁrl%%a&dsl%xsqucf’ll@gﬁ W ARDLe A ANt Ly of

electr|C|ty su static electricity, ectrostatic capacity or 1onic
quantity ca} Re LY RSSEd At 4k dRNs Qi @{@Céié&@:!ogr@é‘éiéf n i mage.

wi thout being limted to the above-described exanple

ani sot r gpi cAldak QN HUGH M St FCH S o t4 e tde BiLSBdpddvESE i on can be
utilized for various uses, to which the conventional anlsotroplcally

conduct i ve tgheflts cal %@mﬂpzﬁ%sé@raékﬁn@&vdﬁﬁer@smBCirﬁﬁgé or achieving
el ectrical connection between circuit devices or a 25 connector used in

el ectrical inspegh adddftions,Cfior @&ampde., allpatairsotimeealf Marnductive
sheet according to the present invention can also be used as a
heat - condugjdnexra¥led from a writing apparatus such as a laser printer

or an electrostatic pattern image at a roll part in an

10 electronic copying machine can be converted into an
electrical pattern image through the anisotropically
conductive sheet according to the present invention.

According to the anisotropically conductive sheet
according to the prasent invention, a state of microscopic

15 surface distribution of a quantity of electricity such as
static electricity, electrostatic capacity or ionic
quantity can be expressed as a two—-dimensional electrical
pattern image without being limited to the above-described
example.

20 The anisotropically conductive sheet according to
the present invention can be utilized for various uses, to
which the conventional anisotropically conductive sheets
are applied, for example, as a connector for achieving
electrical connection between circuit devices or a

25 connector used in electrical inspection of circuit devices.

The anisotropically conductive sheet according to the

present invention can also be used as a heat-conductive



sheet such as a heat-radiati ng sheet because chains of the ‘conductive
particles P function as heat-conductive paths when proper particles are
used as the conductive particles P. 5 Bar exanple, the anisotropically
conductive sheet according to the present invention is brought into contact
with a heating nedium such as a heating part of an electron device, and

t he anisotropically conductive sheet is internittently repeat edly

pressurlsed a thi.ckness-w se 10, dir.ectiqgn th r eof reby a ertaln
quanti ty of HRES SUEH wiiieh MR A e T 1T %ﬁiﬂﬁ% { A (e o8

anlsotroplcall onductlve heet {S result t he erature f the
heati ng medi unc%(‘lcgcn be H< (S:lonst an i€ M %0 rgcpl cal 4{]; condLR:% |q3/e sheet

2(1;(5:8: g: 23 tevﬁlegr{]spo easte&t dl%ill on, er enabJ L{{H%‘ T orragqg?l C NoI sesé c];a;ed

from for gxanple, an electronlc part or the I|ke can be reduced. The
present |nvent|on wi Il hereinafter be described 20 specifically by the

fol | ow B exampl g5y, WOURKAG, Whe dRuSaeRbAIRKAY odddhdiald Idfiddd to these

exanples. In the g éxanpl es an npar ati ve exa the vol une

resistivitigediiQfy GNAUL iptee Al | Glash WeSE i TBASU bintBafsn©fc®
" Powder ReS|stance<i@asur|ng System 25 MCP- PD41" manut actured by M tsubish

KagakgzK. KwitEEamy £ iy maitum palds 2y Mveiaitig sondust i e PBsdtEd®es
nere device, and the anisotropically conductive sheet is
intermittently repeatedly pressurised in a thickness-wise
10 direction thereof, whereby a certain quantity of heat is
radiated from the heating medium through the
anisotropically conductive sheet. As a result, the
temperature of the heating medium can be kept constant.

The anisotropically conductive sheet according to the

15 present invention can further be used as a sheet for
absorbing electromagnetic radiation, whereby
electromagnetic noises caused from, for example, an
electronic part or the like can be reduced.

The present invention will hereinafter be described

20 specifically by the following examples. However, the
present invention is not limited to these examples.

In the following examples and comparative examples,
the volume resistivities R, of conductive particles were
measured by means of a “Powder Resistance Measuring System

25 MCP-PD41” manufactured by Mitsubishi Kagaku K.K.

<Example 1>

Eighty parts by weight of conductive particles were



added to and m xed wth 100 parts by weight of addition type liquid
silicone rubber, thereby preparing a sheet- formng material. In the above
preparation, particles ("KNS-415", 5 pPdduct of Toda Kogyo K. K.; nunber
average particle diameter: 5 m volunme resistivity Rp: 5 x 104 SZm
conposed of MFe3O4 (nmanganese ferrite) were used as the conductive
particles. A nold for nolding of anisotropically conductive 10 sheets,

composed ofyudPRd Ufe ANLA P DY Y LA wd BRIED OladsedANOUl ar

iron plate having at ess of 5 mmand a rectangul ar frame- e spacer

having a thiygkhesiguif & 19 JBRdasHBOY] dak rehie Shasir il d nghdwteri al
prepared above was charged into a cavity of the nold to 15 forma

sheet - f or Mg Emledidyer. Wile arranging el ectromagnets on the upper
surface of the top force and the |ower surface of the bottomforce to

apply a paral |l el Inmagretabbid elrbpefraltibri,0 gaer isdlend - fraNs-npLSvat erial | ayer
in the thickness-wi se direction thereof, the sheet-formng 20 materi al
| ayer was sudgdecitechfi dada Hagyp tH gt menimbenderve waoyeli paoniscd 100C for 2
hours, thereby form ng a sheet base having a thickness of 0.5 mmto
produce an diamietaiy o qad,| wolamatd sdes tsiheiety &, :t Be xcaodt Q-m) i on
illustrated in Fig. 1. 25 A proportion of the conductive particles in the
sheet basecdmpadeds chiMdtie:0pi (ahhganesduteryatehewereass@di@sntheer ns of
volume fraction. 33
conductive particles.
A mold for molding of anisotropically conductive
10 sheets, composed of a top force and a bottom force each
formed of a rectangular iron plate having a thickness of 5
mm and a rectangular frame-like spacer having a thickness
of 0.5 mm was provided. The sheet-molding material
prepared above was charged into a cavity of the mold to
15 form a sheet-forming material layer. While arranging
electromagnets on the upper surface of the top force and
the lower surface of the bottom force to apply a parallel
magnetic field of 1 T to the sheet-forming material layer
in the thickness-wise direction thereof, the sheet-forming
20 material layer was subjected to a curing treatment under
conditions of 100°C for 2 hours, thereby forming a sheet
base having a thickness of 0.5 mm to produce an
anisotropically conductive sheet of the constitution
illustrated in Fig. 1.
25 A proportion of the conductive particles in the sheet

base in this anisotropically conductive sheet was 20% in

terms of volume fraction.



The total area proportion occupied by a substance form ng the conductive
particles detected by the electronic probe mcroanalysis in one surface of
this anisotropically conductive sheet ygs 40% 5 <Exanple 2>. Hundred
parts by weight of conductive particles were added to and m xed with 100
parts by weight of addition type liquid silicone rubber, thereby preparing
a sheet- formng material. 10 In the above preparation, particles ("I R-BO',
product of TDK K K.; nunber average particle dianeter: 14 grn, volune
resistivity Rp: Zhe 103adzmresomyeded toformmarupdssl Mera isubst@ancaised as
the conductive particles. A sheet base having a thickness of 0.5 mm was
formed 15 fiormifg ddife qpndvatisge inpEbdain = detsqisst hhdihe plkeateenic
form ng material was used, thereby producing an anjsotropically conductive
sheet of tRFEENFIFIRITGHY ST st e FUFE 9.0 f  thi Hragpbiet e et he
conductive particles in the sheet =~ 20 base in this anisotropically
conductive ‘}sz’ﬁ@é’[c € RS "a%eriEt of vol ume fraction. The total area

proport'on< ccu iedégy a substance formng the conductive particles
detected by ﬁﬁ??é'[péee ronic probe mcroanalysis in one surface of this

a0y sotroprcal LY RIS 5 P bortARe e P A S O
added to and mixed with 100 parts by weight of addition
type liquid silicone rubber, thereby preparing a sheet-
forming material.

10 In the above preparation, particles (“IR-BO”, product
of TDK K.K.; number average particle diameter: 14 um,
volume resistivity Rp: 2 x 10° Q'm) composed of manganese
ferrite were used as the conductive particles.

A sheet base having a thickness of 0.5 mm was formed

15 in the same manner as in Example 1 except that this sheet-
forming material was used, thereby producing an
anisotropically conductive sheet of the constitution
illustrated in Fig. 1.

A proportion of the conductive particles in the sheet

20 base in this anisotropically conductive sheet was 25% in
terms of volume fraction.

The total area proportion occupied by a substance
forming the conductive particles detected by the electronic
probe microanalysis in one surface of this anisotropically

25 conductive sheet was 45%.

<Example 3>

Hundred parts by weight of conductive particles and



0.5 parts by weight of a non-magnetic conductivity- inparting substance
were added to and m xed with 100 parts by weight of addition type liquid
silicone rubber, thereby preparing a sheet-formng material. 5 In the
above preparation, particles ("I R BO', product of TDK K K.; number average
particle diameter: 14 m volune resistivity RP: 2 x 105 SZm conposed of
manganese ferrite were used as the conductive particles, and sodi um

al kanesul fonate (hygroscopi c conductive substance), the 10 al kyl group of
whi ch has 53156 DI e rihb riv ek Biie ﬁ/\@% Q%‘éd“aa‘ine’fh‘é W%@h‘éﬁ%
conductiV|ty qFaftln supst ance. base avln a thickpess of 0.5 mMm
was forned MRALHE et "é“sr?rﬁ‘ T a_'Ln XeEP dt‘ﬁlal'-ht]rﬁ’% R¥ERE -

form ng naterlal s u t hereb ro. u0|n an. 15 ani s tro |c

conducti ve Sheli I b T TTTEcro FHFAE PLESe AT EBeE. Bhedehy (i on
of the conductive. par in the sheet ~base in this anlsotroplcally
conductive Rhdet™ viss 1k aZS%%‘?%t {' mn%n%fm#'?mﬁéffracti on. 20 The total area

Bropor L kon occupied e GauhelANss. LOrd NG e LONEUE 48 AT LLCLRSe

detected by the € ronic Hicroanalysi s Thon ace

ani sot 1 opi cal |y, %w@ucw&eﬂhge&?,@% 4536 SOpIPRLLLYE, Pxaymle 1> 25 Two

hundred an en parts by wei Fve ~par €s’ wer € atlded to and

i xed i th A9fufa %egspa/tm@mp 0f, 30dighi @Y RBrloWWi oF Ha5YAGMOPET

ferrite were used as the conductive particles, and sodium
alkanesulfonate (hygroscopic conductive substance), the

10 alkyl group of which has 5 to 15 carbon atoms, was used at
the non-magnetic conductivity-imparting substance.

A sheet base having a thickness of 0.5 mm was formed
in the same manner as in Example 1 except that this sheet-
forming material was used, thereby producing an

15 anisotropically conductive sheet of the constitution
illustrated in Fig. 1.

A proportion of the conductive particles in the sheet
base in this anisotropically conductive sheet was 25% in
terms of volume fraction.

20 The total area proportion occupied by a substance
forming the conductive particles detected by the electronic
probe microanalysis in one surface of this anisotropically
conductive sheet was 45%.
<Comparative Example 1>

25 Two hundred and ten parts by weight of conductive
particles were added to and mixed with 100 parts by weight

of addition type liquid silicone rubber, thereby preparing



a sheet-formng material. In the above preparation, nickel particles
("SF-300", product of Westaim Co.; nunber average particle dianmeter: 42
gm volume resistivity Rp: 0.1 SZn) wer@éSused as the 5 conductive
particles. A sheet base having a thickness of 0.5 mMmwas forned in the
same manner as in Exanple 1 except that this sheet- formng material was
used, thereby producing an anisotropically conductive sheet of the

constituti%psﬁ%égJﬂQ&HQ%EQHﬂggﬁﬁ%_1. A proportion of the conductive

particles in the sheet se In this anisotropically conductive sheet was

20%in terms of pyoliwae JfHRE ifRpath il alnidiea PRI oaGupi@R by a
substance 15 form ng the conductive particles detécted by the el ectronic

probe ni cr ganiws Sff W iSHUITACE MimddY e piCiadle/ dcamskct i ve
sheet was 35% <Conparative exanple 2> Fifteen parts by weight of a

conducti vi tay- iaridighe 2@ sIWRSKARGE RIET 6. added)t @edrd Yl G awithr 100 parts
by weight of addition type liquid silicone rubber, thereby preparing a
sheet - f Br moogpdumttaniealpadtii dlees .above preparati on, carbon bl ack (self-
conductive substance) produced by Denki Kagaku K K was 25 used as the
conductivity-i npd tshegts besttahey ing shadti dkass shafi iy S Mnhivaeanesengdd 0. 5 mm
was formed in the sane manner as in Exanple 1 except that this sheet 36

in the same manner as in Example 1 except that this sheet-

forming material was used, thereby producing an

anisotropically conductive sheet of the constitution

10 illustrated in Fig. 1.

A proportion of the conductive particles in the sheet
base in this anisotropically conductive sheet was 20% in
terms of volume fraction.

The total area proportion occupied by a substance

15 forming the conductive particles detected by the electronic
probe microanalysis in one surface of this anisotropically
conductive sheet was 35%.
<Comparative example 2>

Fifteen parts by weight of a conductivity-imparting

20 substance were added to and mixed with 100 parts by weight
of addition type liquid silicone rubber, thereby preparing
a sheet—-forming material.

In the above preparation, carbon black (self-
conductive substance) produced by Denki Kagaku K.K. was

25 used as the conductivity-imparting substance.

A sheet base having a thickness of 0.5 mm was formed

in the same manner as in Example 1 except that this sheet-



formng material was used, thereby producing an anisotropically conductive
sheet. <Conparative Exanple 3> Thirty parts by weight of a
conductivity-inparting 5 substance weresgdded to and m xed with 100 parts
by weight of addition type liquid silicone rubber, thereby preparing a
sheet-formng material. In the above preparation, a mxture of 20 parts by
wei ght of carbon bl ack (self conductive substance) produced %ﬁ by Denki
Kagaku K K._and 10 parts wei ght of sodi um al kanesul f onat e ygroscopi c
co%ductlve %Rﬁﬂ&%ﬂuﬁ% e?%ﬁgv%ﬂ%yqs *F outh oFehihi RFOHASIBItJN 15 carbon at ons,
wer e used as the conduct i vi artln substance A sheet base having a
t hi ckness AP AR Yor Y6 $HeSame manner as in Exgnple 1
except that_this sheet- for terial was used, thereby producing an
anlsgtroplca‘?wp?ﬁﬁﬁﬁuﬁ '@%&gf¥P<Electric resi stance> Wth respect to

d h di Ex I 1
(a5 ana comar o GROER R B UL 8 0TI SEEPLE el
. ns o
et T et hy LIS TR B o,
moner AR S 0 sclecsangl B R b

surface el ectrode haV|ng a nn1an
formed on (H"'eslrﬁégﬁ-aﬁﬁrn%fng'wmaterlal.

In the above preparation, a mixture of 20 parts by
weight of carbon black (self-conductive substance) produced
10 by Denki Kagaku K.K. and 10 parts by weight of sodium
alkanesulfonate (hygroscopic conductive substance), the
alkyl group of which has 5 to 15 carbon atoms, were used as
the conductivity-imparting substance.
A sheet base having a thickness of 0.5 mm was formed
15 in the same manner as in Example 1 except that this sheet-
forming material was used, thereby producing an
anisotropically conductive sheet.
<Electric resistance>
With respect to each of the anisotropically
20 conductive sheets according to Examples 1 to 3 and
Comparative Examples 1 to 3, the volume resistivity Ry,
volume resistivity R; and surface resistivity were measured
by means of a “Hirester UP” manufactured by Mitsubishi
Kagaku K.K. in the following manner.
25 Volume resistivity Ry and surface resistivity:
A disk-like surface electrode having a diameter of 16

mm and a thickness of 0.2 um was formed on cne surface of



t he ani sotropically conductive sheet by neans of an ion sputtering

appar atus (E1010, manufactured by H tachi Science K K ') by using Au-Pd as
a target, and a ring-like surface el ecBfode having an inner diameter of 30
mmand a 5 thickness of 0.2 m the central point of which was

substantially the same as that of the disk-like surface electrode, was
formed. On the other hand, a disk-Ilike back surface el ectrode having a

di ameter of_ 30 X f formed on the oth f

of “the. 10 IS AR o (D e '%%“@%bpﬁér”%ra‘inoéo%&%%rnd?‘n‘é to
the disk-1ik f, d fel 1e t
(E1010, marfh ac“LrlZ‘n‘?.?ebpre# (i R ratlede **Sure"d‘ baé*k L d"8s"a ar ger

Vol t f de and
he back scrTaRr e PoR b L oE %'tastkﬁ“ 1ok T EET oct rode
had been conpacled é%céébed 9 Al e SRl MG PANGER L1E 5

di sk-1i ke surface ectro sur ace e ectrode mas neasured

and a vglu V. u t 2l ue. Further

vol t age of %ch \Aé/asdéagop:ar)eﬁﬁbe{h\%eerh%r{%m dm%% Z%e sur ace eI ectrode and

the ring-|iddsidaca 1 £l@d ree ids ardatsr thad dhek-beoke sl 8&€e el ect rode
had been connected to the ground, and a current val ue between 25 the

di sk-1i ke srdaaedd ecldpd ail t henr ithe- bithe rs ahaGe a liek114%ke: Wk
measured, and a surface resistivity was found fromthis current value. 38

surface electrode having a diameter of 30 mm and a

thickness of 0.2 Mm was formed on the other surface of the

10 anisotropically conductive sheet at a position
corresponding to the disk-like surface electrode by means
of the ion sputtering apparatus (E1010, manufactured by
Hitachi Science K.K.) by using Au-Pd as a target.

Voltage of 500 V was applied between the disk-like

15 surface electrode and the back surface electrode in a state
that the ring-like surface electrode had been connected to
the ground, and a current value between the disk-like
surface electrode and the back surface electrode was
measured, and a volume resistivity Ry was found from this

20 current value.

Further, voltage of 1000 V was applied between the
disk-like surface electrode and the ring-like surface
"electrode in a state that the back surface electrode had
been connected to the ground, and a current value between

25 the disk-like surface electrode and the ring-like surface
electrode was measured, and a surface resistivity was found

from this current value.



Vol une resistivity RL: The anisotropically conductive sheet was placed on a
gold plated electrode plate having a dianmeter of 50 mm and a probe which
had a disk-1ike electrode having a diam8Ber 5 of 16 mmand a ring-Ilike

el ectrode having an inner dianmeter of 30 mm the central point of which
was substantially the same as that of the disk-like surface el ectrode, was
pressed under a pressure of 1 g/m® against this anisotropically

conduct i ve (g} 200 V was 10 t hen applied between the

el ectrode plate an%’ﬁ$¥¥?(gélllke electrode in a state that the ring-Iike

ejectrode had beqhe GANIRALAD RIS ARHELAL LI SUIANL 1alde deteen

the "electrode plate an |ke el'ectrode was neas

vol une rem%lld\/{g])éggjd was Sk fﬂl‘%{ﬁé R 5 £ Eaprg rra])r%a%/%?fr f ;’dggmz esaLH& s are

shown in T . Table 1 Vol une reS|st|V|?¥§
Rl)resistiw rdBRWHYdA Hepld skMLGAL NS EHB gl 00, Exaplifeter

21X10121X10101X1021X1016 Exanpl e 31X10101X1091X1041X1014" Conparative 1 X
1081 X 305L£X 150% Ank0 k2 ftayillikel ddumaictd R g Brf Phrildb 1Blame 3
of 30 mm, the central point of which waé substantially the
same as that of the disk-like surface electrode, was
pressed under a pressure of 1 g/mm® against this
anisotropically conductive sheet. Voltage of 250 V was
10 then applied between the electrode plate and the disk-like
electrode in a state that the ring-like electrode had been
connected to the ground, and a current value between the
electrode plate and the disk—-like electrode was measured,
and a volume resistivity R; was found from this current

15 value.

The results are shown in Table 1.

Table 1
Volume resistivity
(Q * m) " Ratio . sgri?cét
e81s8tivity
Ro R, (Ro/Ry) (Q/0)
Example 1 1X 101 1X10° 1X103 1X10%
Example 2 1X10%? 1X10%° 1X10% - 1X10%
Example 3 1X 1020 1X 108 1X10% 1X 10
Comparative
Evanple 1 1X 108 1X10° 1X103 1X10%?
Comparative 7 6
Evanplo 2 8X10 6X10 13 2X10%
Comparative 5 5
Exanple 3 8X10 4%X10 2 4%X10¢




Exanpl e 2 Conparative8 X 1054 X 10524 X 106 Exanple 3 39 <Char ge hol di ng
ability and nobility> Wth respect to each of the anisotropically
conductive sheets according to Exanples3® to 3 and Conparative Exanples 1
the charge holding ability in 5 the surface thereof and the charge

to 3,

mobility at the tinme the
di rection
ani sotrop

thereof were examned in the foll ow ng manner. The

sheet was pressurised in the thickness-w se

C 0 ctiv eet, 1 was arr e on an earth plate 40 as
i1 lustrat ed?élﬂn&/ﬁegmdo}&lanré a:‘pl% o alrﬁing%OangQ’gtg? a urethane L_esi n \lNi’:IS
arranged just ovey; | r.Qpi Y. qﬂgﬁ | 2V, t. 1., This ro

t hat chargg\rlhgggerb%zjr??g%c%onu at}'lecf §on t gatﬂslusre?tsa%o}ejt%%lr%f by a

such

di schar ge tdfahymitvaiditd Tesld coilg @0t tdg By f

45 i s

C& POi et i al thereof

is controlled within a range of 500 + 50 15 V(a vé?ue nmeasur ed by neans of

Pt OBILExarlP D24 K, nal aed M &G Pya i Cagfp,t?%.it htehe

45 was gradually | owered, thereby bringing "It Into Tontac

sur f acesof .dHe A fHd Gy arfPRAUCtdy e fherdn il {@p y@péﬁésgﬁ\%eér

After 20 retaining this state for 1 mnute, the roll 'was gradu

and the surstaee: peiefdasudfiddie fahiand ran Galdss—woidlugt iyer sheet 1 was
nmeasured by neans of the surface potentioneter "Mdel 520-1". Next,

45 wasthgradifalwerd awarneihed hiar edhe following manner.

a surface

roll

roll

10

15

20

25

The anisotropically conductive sheet 1 was arranged
on an earth plate 40 as illustrated in Fig. 4, and a roll
45 made of a urethane resin was arranged just over the
anisotropically conductive sheet 1. This roll 45 is such
that charge has been accumulated on the surface thereof by
a discharge treatment with a Tesla coil, and the surface
potential thereof is controlled within a range of 500 + 50
V (a value measured by means of a surface potentiometer
“"Model 520-1" manufactured by Trec Japan). |

The roll 45 was gradually lowered, thereby bringing
it into contact with the surface of the anisotropically
conductive sheet 1 (an unpressurised state). After
retaining this state for 1 minute, the roll was gradually
lifted and the surface potential of the anisotropically
conductive sheet 1 was measured by means of the surface
potentiometer “Model 520-1".

Next, the roll 45 was gradually lowered, thereby
pressurising the surface of the anisotropically conductive
sheet 1 under a pressure of 1 g/mm?. After retaining this

state for 1 minute, the roll 45 was gradually lifted to

tate)
?fted

t he



25 pressurising the surface of the anisotropically conductive sheet 1
under a pressure of 1. g/mmR2. After retaining this state for 1 minute, the
roll 45 was gradually lifted to 40 neasupe the surface potential of the

ani sotropi cally conductive sheet 1 by means of the surface potentioneter
"Model 520-1". The above-descri bed process was repeated 10 tines in 5
total to find an average value of the surface potential and a scatter of

t he measured val ues.. The results are shown in Table 2. Table 2 surface
potential (VBESHEE pritk siH kP Rrentiat efisthe @%%%@@B%%%@tby Ei420|401(1)020
Exanpl e 2450- "5012020 Exanpl 3400409010 Conparative7? anpl e
Cbnggratlvé%ﬁllgﬁﬁ %ﬁ’T“ﬁHﬁbé? 5t RR SO0 BT kome ger As

apparent fr, Is shomm in Table 2, according to the
anlsotroplcgﬁiy coﬁﬁigtlve sheet s of

The above-described process was repeated 10 times in
5 total to find an average value of the surface potential and
a scatter of the measured valués.
The results are shown in Table 2.

Table 2

surface potential (V)
an a pressurised
unpressurised state
state
Example 1 420%40 10020
Example 2 45050 120*20
Example 3 40040 90+10
Comparative + 4
Example 1 7030 60X 30
Comparative
Example 2 60130 50%30
Comparative
Example 3 50%30 4030

10
As apparent from the results shown in Table 2,
according to the anisotropically conductive sheets of
Examples 1 to 3, it was confirmed that the charge on the
surface of the roll 45 is surely transferred to the surface
15 of the anisotropically conductive sheet and held therein by
bringing the surface of the roll 45 into contact with the
surface of each anisotropically conductive sheet. It was

also confirmed that the charge on the surface of the roll



Exanmples 1 to 3, it was confirned that the charge on the surface of the
roll 45 is surely transferred to the surface 15 of the anisotropically
conductive. sheet and held therein by b#tilnging the surface of the roll 45
into contact with the surface of each anisotropically conductive sheet. It
was also confirnmed that the charge on the surface of the roll 41 45 is
noved to the earth plate through the anisotropically conductive sheet, and

[ f ' f t |1 _is_t b
cont ol ed by 5 S S oend! ddEen ?ﬁ’fac%@%fﬁfﬂ%u it é@z TS ?éhr?a:%wfﬁt i ve
i e o]
Compar ati ve By ere dreetl IF A SACRLER o ECHEHAE BTPheC
east |y MoV etk WIS N LNPTSalI Ry SEalfo1 DESAS SHE0EsPLUIRY
resistivity RO, volune resistivity RL 10 and surface resistiviiy r eof

are all | owhdAchoridwl o tﬁ@%rﬁé&tf@pﬁééiﬁ%@ﬁdﬁ&i\h@.&?éé@rmt?e of

hol ding the charge in the surface between e unpressurised state and the
state ppessiiHd sl mg he thickness-wise direction. As a result, it was
difficult to control the quantity of the 15 charge at the surface. In the

ani sotropi cal | y condire iarel ssheeipiafal IgoaididvierExsade g the charge on

the surface is easily nobved even under the unpressurised state because the

vol une redlmtpatativeo Exainpdod Umeor etistdttidy Hind hetleof cldegdosh 29 | ow.

Accordingly, there is no difference in the performance of holding the

charge in tsherfaod dice defilgemoved even under the unpressurised state
because the volume resistivity Ry, volume resistivity R;

10 and surface resistivity thereof are all low. Accordingly,
there is no difference in the performance of holding the
charge in the surface between the unpressurised state and
the state pressurised in the thickness-wise direction. As
a result, it was difficult to control the quantity of the

15 charge at the surface.

In the anisotropically conductive sheet of
Comparative Example 2, the charge on the surface is easily
moved even under the unpressurised state because the volume
resistivity Ro and volume resistivity R; thereof are both

20 low. Accordingly, there is no difference in the
performance of holding the charge in the surface between
the unpressurised state and the state pressurised in the
thickness-wise direction. As a result, it was difficult to
control the quantity of the charge at the surface.

25 In the anisotropically conductive sheet of

Comparative Example 3, the charge on the surface is easily

moved even under the unpressurised state because the volume



the unpressurised state and the state pressurised in the thickness-w se
direction. As aresult, it was difficult to control the quantity of the
charge at the surface. 25 In the anisotHd@pically conductive sheet of
Conparative Exanple 3, the charge on the surface is easily nobved even
under the unpressurised state because the volune 42 resistivity RO, volune
resistivity Rl, ratio (Ro/Rl) and surface resistivity thereof are all |ow

Accordi ngly,_ _there i o difference.in.th rformance ,qf | di ng t he

charge int eeSlth}creJT‘glcéibf{lé’t'\Aé’gr%‘u{"ﬁe r&ﬁr}r’% gﬁ%iyggﬂ’sfg?éoar‘g"é{lﬁhé“‘a‘?ate
ressurised,,] el Si= WM | rect] resul t,..it was difficult

!to o control C%‘L%%q%:n%%ly%ﬁw ag%xgér%ig %ﬁeo?%%filuor acgfccgflgé&?l(&! THE

| NVENTI ON Aggordi 4 ; Sxanti | nyent | Cl4 : e, there

can be provi dedéjalﬁsrf)fr%%?fcﬁl y coln%luctl vI5e S %ﬁ%gﬁipggpgg%?gﬁ%laﬁ?gng t he

charge in thpidgesuld aARS s ¥Rle Wb UL S | sk SLALL: s 8005 PDVE N d he

charge held in the surfaces in a thickness-w se direction thereof In a
state ppessiHd Sathtid) gritss SUV it sisT Wise €H 1 Said S4bwiher ebye digoNt @l 1 i ng
the quantity of the charge at the surfaces. 43 1 CLAIM5S 2 3 [1] An

ani sot r opi caldesulonduct ives shiefti AAMPricidehtrod Seajudeeerasposed of an
el ast onmer and conductive 5 particles exhibiting magneti smcontained in the
sheet base charge at the surface.

EFFECT OF THE INVENTION

According to the present invention, as described
10 above, there can be provided anisotropically conductive
sheets capable of holding the charge in their surfaces
under an unpressurised state, and moving the charge held in
the surfaces in a thickness-wise direction thereof in a
state pressurised in the thickness-wise direction, thereby

15 controlling the quantity of the charge at the surfaces.



6 in a state oriented so as to arrange in rows in a 7 thickness-w se
direction of the sheet base, and dispersed 8 in a plane direction thereof,
wherein 9 supposing that a volune resiséBvity in the thickness- 10 w se
direction under an unpressurised state is Ro, and a 11 volune resistivity
in the thickness-wise direction in a 12 state pressurised under a pressure
of 1 g/mm®2 in the 13 thickness-wise direction is Rlr 14 the vol une
resistiyity Rl is 1 x 107 to 1 x 1012 %kﬁﬂ% 15 and 16 a ratio (Ro/Rl) of
the volune resistivity Ro to the 17 G resistivity RLis 1 x 101 to 1
X 104. 4 [2] The anisotropically conductive sheet according 2 to claim]l,
wherein the volune resistivity Rois 1 x 109 to 3 1 x 1014 SZm 1 [3] The

Cosiotivnty is 1TPT10Es 81 40CEnRGRELY Binads Ryt ShEL cBETRad B, 7
conducty ve spRge! b%%%orc@im%s‘éﬁ &£ ArC le@ia@fbne%%ﬁﬂ IR dealpl area

proportion occupied by a 3 substance form ng the conductive particles

det ect egl _byaatrh&cléseb%timm@xgphﬁ%éﬁi%p@@!ﬁégﬂn%d N OGS WHARE fsd he
sheet 5 is 15 to 60% 1 [5] An anisotropically conductive sheet conprising

a 2 sheet ihage seanRosed edfted sol ast AL 2 raGgeONGGIdwe i3 particles
exhi biting magnetismand a volune resistivity of 4 1 x 102 to 1 x 107 Q *m
contai ned ithicheesheetiskagidriedtdon of the sheet base, and dispersed

8 1in a plane direction thereof, wherein

9 supposing that a volume resistivity in the thickness-

10 wise direction under an unpressurised state is Ry, and a

11 volume resistivity in the thickness-wise direction in a

12 state pressurised under a pressure of 1 g/mm? in the

13 thickness-wise direction is Ri,

14 the volume resistivity R; is 1 x 107 to 1 x 10 Q'm,
15 and
16 a ratio (Ro/Ri) of the volume resistivity Ry to the

17 volume resistivity R; is 1 x 10* to 1 x 10%.

1 [2] The anisotropically conductive sheet according
2 to claim 1, wherein the volume resistivity Re is 1 x 10° to

3 1 x 10" Q'm.
1 [3] The anisotropically conductive sheet according
2 to claim 1, wherein a surface resistivity is 1 x 10% to 1

3 x 10'* Qy0O.

1 [4] The anisotropically conductive sheet according



5 state oriented so as to arrange in rows in a thickness-w se direction of
the sheet base, and dispersed in a plane 7 direction thereof. 1 [6] The
ani sotropically conductive sheet accordddg 2 to claim5, wherein the
conductive particles are conposed 3 of ferrite. 1 [7] The anisotropically
conductive sheet according 2 to claim5, wherein, a non-nmagnetic
conductivity-inparting 3 substance is contained in the sheet base.

2

3

4

to claim 1, wherein the total area proportion occupied by a
substance forming the conductive particles detected by the
electronic probe microanalysis in one surface of the sheet

is 15 to 60%.

[5] An anisotropically conductive sheet comprising a
sheet base composed of an elastomer and conductive
particles exhibiting magnetism and a volume resistivity of
1 x 10> to 1 x 107 Q'm contained in the sheet base in a
state oriented so as to arrange in rows in a thickness-wise
direction of the sheet base, and dispersed in a plane

direction thereof.

[6] The anisotropically conductive sheet according
to claim 5, wherein the conductive particles are composed

of ferrite.

[7]1 The anisotropically conductive sheet according
to claim 5, wherein, a non-magnetic conductivity-imparting

substance is contained in the sheet base.



