14 Septenber 2004 ELECTRI CALLY CONDUCTI VE PASTE AND SEM CONDUCTOR4 Sopinber 2004
PREPARED BY USI NG THE PASTE BACKGROUND OF THE INVENTION Field oft he

I nvention The. present invention.relates to an electrically conductive paste
and a sem conductor device prepared by using the paste. Mre particularly,
the present invention relates to a highly reliable electrically conductive
paste which is used for adhesion of sem conductive el enents such as IC and
LSI to metal frames and for electrically conductive bondrng of

isemiconduct i.ve BLECHRISALLLY CONBUETRCL Toder aNDIgE Iﬁg 1 or
[ at Art the

devi ce prepared by using the paste. Description Re _
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el enents have achi eved the devel opnents fromtransistors to IC fromlICto
LSI and from LSl to super LSI. The degree of integration in the '

. sem conductor elenents h_azg éﬁlﬁdﬁﬁ increased and the rmass production of
the el ements has been mad ‘{) EUNDOK FEHE ENVENEKGNN of t he

sem’ conduct oOk,.. K9 t usigr t he sem conductor el enents expands,
i nprovenent i d reduction of cost have becone irrportant

subjects in the npgs ,RLQJYGHL O ﬁ:? o1h D& (9L0RE legt? cg]lglcgg ding, Spasﬁragngeen

sem conductor elenents wth nmeta ranes an

conduct ed by aUghiigorsdicliéy d6widt Propadd qulnmlﬁhpéﬁehabﬁgrwp%rﬁbu%ﬁﬁ' human

heal t h. However, fromthe standpolnt of protection of t
envi ronment , the presenéduiveridon halatekle;obomghig ﬁﬁabmdléﬁﬁrﬁ&ﬂ}}/cdiﬁid&ﬁlve ot her
electrically conducti-ve materials which do not contain lead. 1
paste which is used for adhesion of semiconductive elements such as IC
and LSI to metal frames and for electrically conductive bonding of
semiconductive elements with outer electrodes and to a semiconductor
devi_ce prepared by using the paste. |
- Description of Related Art
' As the electronics industry ha_s made the remarkable progress,
semiconductor elements have achiéved the developments from transistors
to IC, from IC to LSI and from LSI to super LSI The degree olf
" . integration in the semiconductor elements has rapidly mcreased and the
mass production of the elements has been made possible. As the .
application of the semiconductor products using the semiconductor
elements expands, improvement in workability and reduction of cost have
become important subjects in the mass production. On the other hand,
bonding of semiconductor elements with metal frames and outer electrodes
has been conducted by using solder containing lead, which is harmful to
the human health. However, from the standpoint of protection of Athe

_ global environment, it is required that the'bonding be conducted by using

other electrically conductive materials which do not contain lead.



14 Septenber 2004 Heretofore;: in general.; a . semi conductor el éadepteinder,2004
bonded'. to an electrically conductive nenber such as a franme in accordance
with the Au-Si cocrystallization nmethod and the bonded portion is seal ed
with a hernetic seal to produce a sem conductor product. However, a

sealing nmethod with a resin has been devel oped to inprove workability and
reduce cost in the mass production and is wdely used at present. As an

i mproved nethod for the Au-Si cocrystallization nmethod in the nounting

step,. a nethgg, Usidg a:resin. paste, .. et Using.an.ekectrically
""c_c)ndUcti ve pg?%lg?df?%"ulsl{edéér%grggo%éf? _&%‘gm%%%t%grﬁq%%ﬁ ﬁc’tscirbo ge/‘%l'cgos H ve
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paste itself have electric and thermal conductivities as excellent as

~..those of = couesi icongbtadlitaitrn mRithbd .addntipabbhded ortidm i@ spPeRrwiVRSLET,

resistance in the condition that a swwtch is put on nust be | owered as nuch

~..as possi bl e dermigtic syehdée aredudre at seanicomdugar pacductof Hokvevet, enentling

removed and the function of the switch is enhanced. Therefore, bonding to

outer el ect r‘%"cfg‘gdﬂlﬁhaée%tl?rsqrﬂegtdé’vﬁgopﬁlﬁﬂF@Bl‘% workabHyg and redprace t he

ire bonding, For rther inproving the religbilit f sem congduct or
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sem conduct ofmph AN RLER VoA S6L Y AILEEHAL BRI YRS Tul iy Package

i s exposed to tenperature an g y or to cyclic Tool | ng

and heating. 56, theneth6d isi@lal YessOMEL, i1, RABLErJICUERG dRIdceAIIEd
excellent reliability, a paste prepared by dissolving athernoplastic resin

in a sol vencomheto@dpangeasquaedt Mmeotverpfasahoedeaticdnddcsr Gentbesahasd | ver
powder to the dissolved resin is studi ed. However, when an excessively
great anountiglerideastiasand grqader capagiidesd it & raguisted thibt dhe redin paisth
electric anditse]f have electric and thermal conductivities as excellent as those of
conventional solder metals. In particular, in a power MOSFET,
resistance in the condition that a switch is put on must be iowered as much
as possible so that generated heat at the surface. of the element is removed
and the function of the switch is enhanced. Therefore, bonding to outer
elect:odes with a metal piate is studied as a method to replace the wire
- bonding.
For further improving the reliability of semiconductor elements, it is
recently required that the reliability of bonding of _semiconductbr elements
‘be not adversely affected even when a resin package is exposed to a high
" temperature and a high humidity or to cyclic cooling and heating.
As the electrically conductive paste having the required excellent
reliability, a paste prepared by dissolving a thermoplastic resin in a
solvent and adding a great amount of a metal filler such as silver powder

to the dissolved resin is studied. Howe\;er, when an excessively great

-amount of the metal filler is added to surely obtain the high electric and



2 14 Septenber 2004 thermal conductivities, drawbacks arise in tHdtSeptember 2004
Vi scosity increases' to deteriorate workability and that an organic

sol vent added to decrease the viscosity is scattered during heating to

cause formation of voids, a decrease in the thermal conductivity and an
increase in the electric resistance in the bonding portion. In general,

the electrically conductive paste is applied to coat the bonding portion

in accordance with a nmethod such as di spense, printing and stanping and

.used after bein r -heating. Jt.i.s_preferable that., t.he paste =
oni bt s excalPanit oEREHIAR ARivablgnenaBhR il Bitic ity PREAR da of ¢ e
~portion 10 beedhiede WIRkEMY andthhPendGghAR Qlvdif@allUbclase the

sem conductor el enments increases, coating a portion having a sraller area
is required. vAsobiig is asitldred dwring He@itel t9@aibator k@i tvioldl, GaldcRRise -
conducted by using a smaller nozzle. For exanple, when the coating is
conducted usnhbe showvmienhductatitehed tniioateaye totiduddtdivie reastaceriazht es
having a dianeter of 0.3 nmor greater can be used but nozzles having a
di anet er snalPrRAIEREFtION3 nm cause a problemin that cloggi ng of the

nozzl es takes place due .to contact between filler partigcles and a uniform
coating cannot  b&®ZERFERledhe £ ec?‘%"arl qﬁ‘i"?‘gﬂ’t‘r"éc@ﬁ?? ¥S Pﬁﬁflegﬁé w@ghthag be

ducted usi . havyi dj f .0, 1, nm Mo gt is al
requteq- nabofibe RIERETIRAR SO Fodb e T - Snbte "2
smal | di anet ghd(‘s@gmgﬁl%@ﬂ& udbd AftbPbeimRalirB@ by hedtin! ?Ztﬁg&%\éfé%gbﬁztggg?t

diameter. As shown in Japanese Patent "Application LCaid-
114445, a nethé paktd exhibi deeleit awekability ie ®GutihacRdeperddlith, of enbonded

with an electrically conductive paste to enhance the swtching function of
a power MOSEES ofthwepationviiedre eatehvditdently] as phx degmeiaf-ihtgedtipast e
semiconductor elements increases, coating a portion having a smaller area
is required. As the result, it is required that the coating can be conducted
- by using a smaller nozzle. For example, when the coating is conducted
using a conventional electrically conductive paste, nozzles having a
diameter of 0.3 mm or greater can be used but nozzles having a dj;'ameter
smaller than 0.3 mm cause a problem in that clogging of the nozzles takes
- place due to contact between filler particles and a uniform coating cannot
be achieved. It is required recently that the coating be conducted using a
nozzle having a diameter of 0.1 mm. Moreover, it is also required that the
‘paste which can be used for coating by a nozzle having a small diameter
can be used al_so for coating by a nozzle having a gﬁ'eat diameter.
_ As shown in Japanese Patent Application Laid-Open No. 2000-
114445, a metal plate of a lead frame and the surface of a die are bonded
with an electrically conductive paste to enhance the switching function of a

power MOSFET. However, when a conventional epoxy resin-based paste

or a conventional polyimide-based paste is used, drawbacks arise in that



or a conventional polyimde-based paste is used, drawbacks ari se ldiseptember2004
14 Septenber 2004 the electric' and thermal conductivities are insufficient
and that the resistance in. the condition that a switch is put on

i ncreases when the product is exposed to.a high tenperature and a high

hum dity such as the condition in the pressure cooker test or to cyclic
cooling and heating although satisfactory results can be obtai ned under

the initial condition. is desired that that above drawbacks are

It
overcone. .1 n JapPay; Pat pl i on.Lai d- Open No. 2000-223634, a
bondi ng met 'ho%%ugggég% aglc()ile ghe%négrlp_cf’é |t§Véflgsseaﬁ.e %%@@?1} t%%s%ﬁ‘?ett iBg is
di sadvant ageqisist® thehe SHAMIRA Mat0h AR iéyh(f}/‘%%YinQ'Ee T{é@ drﬁ'e\éﬁz‘i% ON The
present invention has an object of providing an electrically conducCtive
past e which hasdtbeisraposgaidioed BidH fetnfaacuetdnd & 1Hesh habRARyisWBk gk¥ht he sane
as those of solder, shows little change in properties under a high :
t enper at ure a9ddiiong gh thenprissyrecockedetest ol ia cydoolcosiingmabdhhakiing,
exhi bits excell.ent workability in coating and can be applied by using
nozzl es havi fgtBPugbdRatsipgersoresyligranche ohirdned uadar shn duibiad couditione
prepared by Lhg th a ., As the result of the extensjve studies by the
present i nve#? (l)srgefsére%a@ﬁ?ﬁ%t ?Wgegﬁﬁwga‘gﬁa&?toyeﬁo%s?Fél&ﬁﬁn?-‘-‘r?a?f}teﬁhen an
electrically AuehbhVEaid 0 széz(té % ight or. nmore of silver
powder and ZOg}oi.by_ \Ae;l%_t Qgéérfel\fsoé@?ba ﬁé‘?’rr%)?eéfl |nr%mre§§?q1,uslt%as§°?‘§/er
powder had a bR ii§|dsclsiede HioWevbBUEHiO MmbMBENS &i‘é@d&%ﬁ%rﬁ% S
positions, viscosities of the paste neasured under a | oW shearing stress
and under a btyphdmieboficogt. stress were in respective specific ranges, the
rati o of these viscosities was _
SUMMARY OF THE INVENTION
The present invention has an object of providing an electrically

conductive paste which has thermal and electric conductivities

approximately the same as those of solder, shows little change in

properties under a high temperature and a high humidity or under cyclic

cooling and heating, exhibits excellent workability in coating and can be

applied by using nozzles having a wide range of diameters and a

semiconductor device prepared by using the paste.

As the result of the extensive studies by the present-inventor to

achieve the above object, it was found that, when an electrically ¢conductive

paste comprised 80% by weight or more of silver powder and 20% by

weight or less of a thermosetting resin, the silver powder had a particle

size distribution having two peaks at 'speciﬁc. positions, viscostties of the

paste measured under a low shearing stress and under a high shearing

stress were in respective specific ranges, the ratio of these viscosities was .

in a specific range and a cured product obtained by hczaau:irl,gr the paste had a



in a specific range and a cured product obtained by heating the pgédscptehber 2004
14 Septenber 2004 tensile nodulus of 0.1 to 2.5 GPa, the paste had thernal
and electric conductivities approxinmately the sane as those of sol der,
showed little change in properties under a high tenperature and a high

hum dity or under cyclic cooling and heating, exhibited excellent

wor kability in coating and could be applied to coating by using nozzles
having a wi de range of dianeters. The present invention has been conpleted

_based on thi 0 . I ol.nyention prqgvj.des; . (1 . :
el ectrical | y§%nogi(n g}g{oﬁgg’%pggt% 21 Q_ ie%ﬁwggﬁ‘pxlﬁ%é’sasﬁ@agi %}{fﬁnaﬁcﬁkﬁe%c%ﬂ (B) a
thermoset ti ngod Rt GpFIdkiRabAP &Y sPhel 1€ tRodeV 6F S(Bﬁg\pea{htolv&d {ifi§ Past e
is 80% by weight or nore, a particle size distribution déf the silveér

- - powder measucleshdy i prapRaeatwRlck Of hiERIUmpBethrdald £186 KRfniddiySbf i buti on
by laser diffraction has one peak between 0.5 to 2 mand another peak

‘bet ween 2 t oundengyclicsedsig ymodhebtiegpadiibitod agcrlit myorkabibity fiy peatig conmet er
is 35 to 135 Pa-s at 25C at a rotation speed of 0.5 rpmand 10 to 30 Pa-s
at 25C at a PBE&prbhbe seeliedito zogtingnhy asimgonoasies bitiagrrewidy ravge pfli ng t he
viscosity at ,25C at a fptation speed of 0.5 m by the yiscosity _at 25C at
arotation s @é%etSFS‘Z.éﬁ? ATt nveniion g‘?saé%%cﬁﬂpgﬁe%r%ﬁ ton dBisi ned by

- heating the_%ﬁ\é&,ﬁdg s atensile nodulus of 0.1 to 2.5 GPa at 25C, (2) A
paste described 1n ?’1), wherein the particle size distribution of the

silver powder is:TRaprdseheinveiBloniroliRe: 0.5 gm -8 to 12%by weight 0.5 to
1.0m 24 to 28%by weight 1.0 to 2.0 m 20 to 24% by wei ght _
(1) An electrically conductive paste which comprises (A) silver powder
and (B) a therniose_tting resin, wherein a content of the silver powder in
the paste is 80%. by weight or more, a particle size distribution of the silver
powder measured by an apparatus for measuring a particle size
distribution by laser diffraction has one peak between 0.5 to 2 pum and
another peak between 2 to 10 um, viscosity of the paste measured by an E-
type viscometer is 35 to 135 Pa-s at 25°C at a rotation speed of 0.5 rpm and
10 to 80 Pa-s at 25°C at a rotation speed of 2.5 rpm, a quotient obtained by
* dividing the viscosity at 25°C at a rotation speed of 0.5 rpm by the viscosity
at 25°C at a rotation speed of 2.5 rpm is 3.5 t0A4.5, and a cured product
obtained by heating the paste has a tensile modulus of 0.1 to 2.5 GPa at
25°C; '
" (2) A paste déscribed in (1), wherein the particle size distributi;}n of the

silver powder is:

particles smaller than 0.5 pm: 8 to 12% by weight
0.5 to 1.0 pm: 24 to 28% by weight
1.0 to 2.0 pm: 20 to 24% by weight
2.0 to 4.0 pm: 9 to 13% by weight



2.0to 4.0 m 9 to 13%by weight 5 14 Septenber 2004 4.0 to 7.0 r¢ Stftetber 2004
14% by weight 7.0 to 10 m= 9 to 13% by weight 10 to 15 m 2 to 6% by

weight 15 to 20 m1 to 4% by weight 20 mor larger: 0 to 2% by weight; (3)

A paste described in (1), wherein the thernosetting resin is at |east one
resin selected fromepoxy resins which are liquid at 25C, acrylate

conpounds havi ng an unsaturat ed doubl e bond and net hacryl ate conpounds

havi ng an unsaturated doubl e bond; (4) A paste described in (1), wherein an

amount of chloride ions extracted _fromthe cu roduct with pure water
“at 120C under 213 kPa for 5 #o(ﬁgos'?‘iod*%t) g or Iaﬁggqﬁé‘rdbﬁwﬁl@ft the cured

product; (5) A paste described;pn,Gh) ,nWwerein ol of .the
t hernobsetting resin at 170C ?g'bgBléélc%nds or sﬁégﬁér";ﬁgﬁ’? o) A

seni-conduct or - appar atus prepareg thisyshng an el egy h%qg]}%eiéqé@nducti-ve past e
described in any one of (1) to (5). SCRI PTI ON OF THE "PREFERRED :
EMBCODI MENTS The el ectrical ly cafdu@ipe: past e of 1tha%tieseighti nvention is
an electrically conductive paste conprising (A) silver powder and (B) a
t hernosetting resin. The cofOgne opflanghe sil ver Powdsh by wdiglht: paste is 80%
by wei ght or. e.. The particle sjze distributjion of the silver powder
measur ed by agggpﬁa?%ﬁtﬁ ngﬂb%]é’sﬁii Whereip dhe thprmaeseldngiresiniip @filegstoy
| aser diffractijon has _on ak between .0.5 10.2 m and. another peak between
250 10 m | el Pl oo 2, SHiF Eohida Seb o BARERERETC, S6Suce

compounds having an unsaturated double bond and methacrylate

compounds having an unsaturated double bond; |

(4) A paste described in (1), wherein an amount of chloride ions extracted

from the cured product with pure water at 120°C under 213 kPa for 5

hours is 50 pg or less per 1 g of the cured product;

(5) A paste described in (1), wherein a gel time of the thermosetting resin

at 170°C is 60 seconds or shorter; aﬁd

(6) A semiconductor apparatus prepared by using an electrically

conductive paste described in any one of (1) to (5).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The electrically conductive paste of the present invention is an
elerctrica]ly conductive paste comprising (A) silver powder and (B) a
thermosettiné resin. The content of the silver powder in the paste is 80%
by weight or more. The particle size distribution of the silver powder
measured by an apparatus for measuring a particle size distribution by -
laser diffraction has one peak between 0.5 to 2 pm and another peak
between 2 to 10 pm. The viscosity of thé paste measured by an E-tyiae

viscometer is 35 to 135 Pa-s at 25°C at a rotation speed of 0.5 rpm and 10 to



visconeter is 35 to 135 Pa-s at 25C at a rotation speed of 0.5 rgmSap@mber 2004
to 6 14 Septenber 2004 .30 Pa-s at 25C at a rotation speed of 2.5 rpm and
the quotient obtained by dividing the viscosity at 25C at a rotation speed
of 0.5 rpmby the viscosity at 25C at a rotation speed of 2.5 rpmis 3.5

to 4.5. The cured product obtained by heating the paste has a tensile
nodulus of 0.1 to 2.5 GPa at 25C. When the content of the silver paste in
the electrically conductive paste i's |less than 80% by weight, there is the

ossibilit th r pal onduct i, Vi and the,el ectri onductiivity.
Elecr ease. yl'h’éa?iq's\/%?z%i@mﬁg?i rﬁ%agtfi?nl weere f%BFISe]épéﬂtarﬂﬁﬁbgr?t‘ﬁobﬁnﬁﬁétaﬂﬂ%‘f%&r ti ZI e
size distri ! R3S i ‘narti.c size
di stributi onmt;%/laili‘{a}gser dlg(ﬁ%%gg%é izgzcﬁg\%?ﬁgétgcﬁleé%ggkﬁgét \Fkleng%ygbggﬁ%og&}gm and

another peakab@bn€eit 2 rotatidh Bpecdi ¢TCB5tpen RABLS € &.531 ZEhdiatdd prdwep of
the silver powder has one peak between 0.5 to 2 pm and anot her peak between

2 to 10 pm eabtagned blydmatitis fenpasig hasop éerisylecand bimsefh). bith €5 €¥@n at when
the el ectri cal_‘lzﬁ( conductive paste has a content of the silver powder of
80% by wei gh#9dr- nore. The electrically conductive paste can be applied to

formng dors i UhyaLSbL L] RPHL ShEAOLDG. 0 [0 ovell] o el 1o
g eferaiLe e S BERRINE ! B IR L5 B ot
preferable, | ik bl eap RO R IR Tt LI LR peak
of the silver poVHekilusEpowder RdRh @EE BredeRY Mdn@idbn I$4s the particle size -
" distribution measured by an apparatus for measuring a particle size
distribution by laser diffraction having one peak between 0.5 to 2 pm and
another peak between 2 to 10 pm. Since the particle size distribution of
the silver powder has one peék between 0.5 ton 2 pm and another peak
between 2 to 10 pm, an excellent dispénsing property can be exhibited even
when the electrically conductive paste has a content of the silver powder of
80% by weight or more. The electrically conductive paste can be applied
" to forming dots with stability without clogging or fluid overflow using
dispensers having nozzles having a wide range of diameters. It is
preferable that the peak between 0.5 to 2 um is sharp and fhe peak
between 2 to 10 pm is broad in the particle size distribution. It is ﬁore
preferable thaf the peak between 0.5 to 2 pm is higher than the peak
between 2 to 10 um.
It is preferable that the particle size distribution of the silver
powder used in the present invention is:
particles smaller than 0.5 pm: | 8 to 12% by weight
0.5 to 1.0 pm: 24 to 28% by weight



particles smaller than 0.5 Um 8 to 12% by weight 0.5 to 1.0 gri# S2dtetber 2004
28% by wei ght 7 14 Septenber 2004 :1.0t02.0m 2.0to 4.0n 4.0to 7.0

gm 7.0to 10 m 10to 15 j.m 15.to 20 nm= 20 pmor larger: 20 to 24%

by weight 9 to 13% by weight 10 to 14% by weight 9 to 13% by weight 2 to
6% by weight | to 4%by weight O to 2% by weight. By using the silver
powder having the above particle size distribution, the increase in
viscosity of the electrically conductive paste is suppressed and the

el ectrically conductive paste Vi a stable gi nsi.ng property can  be
obt ai ned. The paste can be‘ap&?f%ﬁﬂgﬁmﬁsing no%@ﬁ£24@§ﬁ§W§§8Fron1a vFry
smal | nozzle having an inner dipnefgr,of 0.1 0 large nozzle
havi ng an i nner di ameter of 1§hm e%igrlima/hen them@ef:oe%: é?ﬁsg%?lgﬁéonductive'
~paste has a content of the sil\el poyeer of 80ﬂ99¥1¥%ﬂﬂh&eiht nore. The

reason why the excellent dispensing property can he exhibited mhen t he
silver paste having the above 7p@ké IGluen:si ze di s3 td b3%ignwéightised is

10 to 15 pm: 2to 6% by weight
15 to 20 pm: 1 to 4% by weight
20 pm or larger: 0 to 2% by weight.

By using the silver powder having the above particle size distribution, the
Increase in viscosity of the electrically conductive paste is suppressed ;fmd
the electrica]lyr conductive paste having a stable dispensing property can
be obtained. The paste can be applied by using nozzles ranging from a
very small nozzle having an inner diameter of 0.1 mm to a very large
nozzle having an inner diameter of 1 mm even When the electricaﬂy
conductive paste has a content of the silvér powder of 80% by weight or
more. .The reason ﬁhy the excellent dispensing property can be exhibited

* when the silver paste having the above particle size distribution is used is
not clear. It is estimated that particles of the silver powder form a closest

: packing structure and, at the same time, an increase in viscosity of the
electrically conductive paste is suppressed.

In the electrically conductive paste of the present invention, the
thermosetting resin is not particularly limited. It is preferable that the
thermosetting resin is at least one resin selected from epoxy resins which-
are liquid at 25°C, acrylate compounds having an unsaturated double bond
énd/or methacrylate compounds having an unsaturated double bond.
Examples of the epoxy resin used in .the present invention include

polyglycidyl ethérs obtained by reacting bisphenol A, bisphenol F, phenol



not clear. It is estinmated that particles of the silver powder f a4 Seplember 2004
cl osest packing structure and, at the sane time, an increase in viscosity

of the electrically conductive paste is suppressed. In the electrically
conductive paste of the present invention, the thernosetting resin is not
particularly limted. It is preferable that the thernosetting resin is at

| east one resin selected fromepoxy resins which are liquid at 25C,

acryl ate conmpounds havi ng an unsat urated doubl e bond and/or nethacryl ate

conpounds hayj _ . R = | es of the epoxy resin
Gsed i the By odaBBr URSBLUEAN AL WIR B e RO o7 P halR s SrmP e by
reacti ng bi sphiengd bAtakiEGHNE&ERBeids: tgqﬁjg I ak or
cresol novol ak with epichl or%&ﬁln‘%mgfggﬁgﬁ%geg%gxy cg%%gﬁégp%%’h as
but anedi ol = dhefleyaiydlit epbke coapdundopeash s @ﬂg%&@dyldlhqhugdigyhn@tam@](,éhc
het er ocycl i ¢ epoxy conpounds such as diglycidyl hidantoin; and alicyclic
epoxy COompoutRixysgempasnds mycbyes chexkmelotibxuied dioxddey dicypleptnididens

di oxi de and alicycl icf di epoxy adi pate. The epoxy resin may be used singly
or in conbi n&FF tliredr disnoay adpaigox Fhe @BpHs regin arny ke Bedd singly 25C

can be used as. t poxy resin which is, liquid at 25C when such an_epoxy
resinis ni x‘grcsilnwp%?%ﬁ%%%ﬁluoﬁgwfl et i%?rerhé%%ﬁﬂ?’fygreas@%%ww{sﬁé’ﬁg%ﬁﬁ esin
used in the preseiled JVERY & I Sai - At lyohi i ted. . Exanpl es of the
~curing agent include carboXy |8%S%€?§ﬂgﬁﬁ}gﬁ§§%%g§ QLK:e%ﬁng PP aci d
di hydr azi de, rediidcaneidowatialiqeidi¥einazi de, isophthalic acid di hydrazide and

p- oxybenzoi ¢ acid dihydrazi de; dicyandi am de; phenol novol ak resins - :
obt ai ned by reactThgcutihs phemodf the dposphesialused iRithppesRint Savention is
t et ramet hyl bi sphenol _ A, . tetranet hyl bi sphenol F, tetranethyl bi sphenol S,
di hydr oxydi Fmgmrt]ép}%lx Limited. Examples of the curing agent include carboxylic
acid dihydrazides such as adipic acid dihydrazide, dodecanoic acid
dihydrazide, isophthalic acid dihydrazide and p-oxybenzoic acid
dihydrazide; dicyandiamide,f- phenolr novolak resins obtained by reacting
‘bisphenol A, bisphenol F, bisphenol S, tetramethylbisphenol A,
tetramethylbisphenol F, tetramethylbis;phenol S, dihydroxydiphenyl ether,
dihydroxybenzophenoné, catechol, resorcinol, hydroquinone, biphenol, |
- tetramethylbiphenol, ethylidenebisphenol, methylethylidenebis(methyl)-
phenol, cyclohexylidenebisphenol and monohydric phenols such as phenol,
cresol and xylenol with formaldehyde m a dilute aqueous solution in the
.strongly acidi;: condition; early condensates of ﬁaonohydric phenols with
polyfunctional aldehydes such as acrolein and glyoxal in the acidic
condition; early condensates of polyhydric phenols such as catechol,-
resorcinol and hydroquinone with formaldehyde in the acidic condition;
imidazoles such as  2-methylimidazole, 2-ethylimidazole, 2-
phenylimidazole,  2-phenyl-4-methylimidazole, 2-phenyl-4-methyl-5-
hydroxymethylimidazole, 2-pheny1-4,5'dihyd_roxymethylimidazole and 2-



di hydr oxybenzophenone, catechol, resorcinol, hydroqui none, biphenéSgptember 2004
t et ranet hyl bi phenol , et hyli denebi sphenol, nethyl et hyli denebi s(net hyl) -
phenol , cycl ohexyl i denebi sphenol and nonohydric phenol's such as phenol,

~ cresol and xylenol with formal dehyde in a dilute aqueous solution in the

"~ strongly. acidic condition; early condensates of nonohydric phenols with

pol yfunctional al dehydes such as acrolein and glyoxal in the acidic

condi tion; early condensates of -pol yhydric phenols such as catechol,
resorcinol and hydroqui none with fornmal dehyde in the acidic condition;

i dazolwsdesybmidszdenet audi m‘mam&mnaﬁt{nyihbfﬁgﬁlﬁﬁﬁida%lémﬁaM. i_m dazole; -
2-phenyl - 4- et hyl i mi dazol e, 2-phenyl -4-nethyl -5- hydroxynet hyl"i'm dazole, = |
2- pheny!trigzing Whatoxserelttaylddiby adding aiskide An84sSORERIEECiA04he .
undecyl i.m.dazqgl e; and .2, 47di am no-6-{2 nmethylim .da7.ole triazines which

are obt APHEAZHEs keprovdde slosage stahility snd pddition pasdwbts of idoeyanigigdazol es to.
provi de skpragglstabiliH¥ nd,addi ti.on products of isocyanuric acidto =
these c&HoERdLeSHHEmREY ‘Wg a&gﬁ’t REpEhesentethayi hgl ysak singly ommhi nat i on of
two or . e_conmpound havi ng an unsaturated doubl e bond and

t he ne?ﬁgg??%a eaggﬁéghﬁ%nﬁaving an unsaturated doubl e bond which are

d i h ' | . Lcul arly lim . Ex I f
the compound | ol de ol Taperra teplp erPhodthra s doime bearandiiphar | ¢

t he conpound include alr esters

cators of eI Ppher ) o e car o TR UG BRI AR B SEER s obters

esters of aliphatic diparboxyllc acl _ _ (
BI)I 3 :rgr?‘j:ctb ilgghfﬁsﬁﬂo?ﬁ;eg?ﬁ%ﬁlag?gl at '2&‘?(%; O]l-j%]é éSi%}géﬁlgﬂésﬁ(?fs aturated
doubl e Bunerrapeundindiuds abicydlint estennifourd by 8 a8fdl, aliphatic esters
of (meth)acrylic acid, aromatic esters of (meth)acrylic acid, esters of
aliphatic dicarboxylic acids and (meth)acrylic acid and esters of aromatic
dicarboxylic acids and (meth)acrylic acid.

A radical polymerization initiator for the acrylate compound having
an unsaturated double bond and the methacrylate compound having an
unsaturated double bond which are used in the present invention is not
particularly limited. Examples of the radical polymerization initiator
include methyl ethyl ketone peroxide, methylcyclohexanone peroxide,
methyl acetoacetate peroxide, acetylacetone peroxide, 1,1-bis(t-
butylperoxy)-3,3,5 -trimethylcyclohexane, 1,1-bis(t-hexylperoxy)-
cyclohexane, 1,1'bis(t'hexylperoxy)-3,3,5-trimethylcyclohexane; 1,1-bis(t-
butylperoxy)cyclohexane, 2,2-bis(4,4-di-t-butylperoxycyclohexyl)propane,
1,1-bis(t-butylperoxy)cyclododecane, n-butyl-4,4-bis(t-butylperoxy)
valerate, 2,2-bis(t-butylperoxy)butane, 1,1-bis(t-butylperoxy)-2-
methylcyclohexane, t-butyl hydroperoxide, p-menthane’ hydroperoxide,
1,3,3-tetramethylbutyl hydmperoxide, t-hexyl hydroperoxide, dicumyl
peroxide, 2,5'dimethyl-2,5-bis(t-butylperoxy)hexane, o, o’ -bis(t-
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unsat urat ed doubl e bond which are used in the present invention ilg Sepember 2004
particularly limted. Exanples of the radical polynerization initiator

i ncl ude net hyl et hyl ketone peroxide, nethylcycl ohexanone peroxi de, nethyl
acet oacet at e peroxi de, acetyl acetone peroxide, 1,1-bis(t- butyl peroxy)-3,3,
5-trinmet hyl cycl ohexane, 1, 1-bis(t-hexyl peroxy)- cycl ohexane,

1, 1-bi s(t-hexyl peroxy)-3,3,5-trinethyl cycl ohexane, 1,1-bis(t-

but yl per oxy) cycl ohexane, 2, 2-bis(4, 4-di-t-butyl peroxycycl ohexyl) propane,

1, 1-bi s(t-bug P OXVHEESHR = = -hi-s(t=hut vl perox
val erate, 2, Zlydgi&gezt- ut y‘lg%e?g%%%%%éﬁ&w&%bﬁﬁg?f%%ﬁgﬁ%%g‘%rg’?ﬁe’
met hyl cycl ohg3atimethylbRibybisGtFPeFay) ey ne-3Te MIhaRery1 N SERRES. 0% s
1, 3, 3-tetranet hyl butyl hydroperoxide, t-hexyl hydroperoxide, di cuny!l
per oxi de, 2,Bidéthyihsdar®yb- esftidbut phipaopky )peexdde, dawoybi Sekodide 14
Sept enber 2004 buty] peroxy) di i sopropyl benzone, t-butylcunyl peroxide,
di -t-biltyl RRrEPL¥@eromds, gnakuok nepomdp denzendt physeidexyisoprapyl3,

i sobutyryl peroxide, .3,5,5- tri hyl hexanoyl, peroxi de, octanoyl _peroxide,
| aur oyIy %er %?Fa’@fﬂc%ﬁbﬂﬁﬁ%yl *’ﬁéﬁiﬁ“&é‘w a}t‘%%f oSIPeﬁ@FY(S&‘FacI@Pn%@ngo@lP 3 _
eroxi de, di| vdi;car.bonat g, .bi,s(4-t-butyl.cycl ohexyl

Ber oxydi car b‘%ﬁ‘g’{%‘?&\éﬁsﬁ&ﬁe&?ﬁ%% ik %e?(?%%ﬂlwﬁ dl%gbofag‘f% %'hexyl
per oxydi car Q@E’*’bh@%l di %er%%?glﬁ&f%na@@,r OW@'%%%?%thoxybutyD Peroxy-

di ( 3- met hyl - 3- met hoxybut y per oxy- di carbon

cc, a~- bi s( nelidabanate, per a0y bii(nssdaetapslbbrRFRIIBopFsIMbenARRE OXY NRQG[CaNOAL €,
1,1, 3, 3-tetranet hyl butyl peroxyneodecanoate, |- cyclohexyl- | - nethylethyl
per oxyneode@ghommeodecanvats;l héSokyeieadetiibatyd, perouiegtecanoate, 1-
per oxyneodecanoat e,  t-hexyl peroxypivalate, t-butyl peroxypival ate,

2, 5- di net hylcygoBesnylsk medhirlothd penoxmsedesapphte: stexylparosyBeaderanomthy | -
butyl per OX)‘::b%ft)eff Q&L)ngﬁ(go%%ggéatgé: i? g}'(y? ?)2? xly-pln;a aiger,“{-lb%ttjblyplerg}?yrpoiégl-a%é,
2,5-dimethyl-2,5-bis(2-ethylhexanoylperoxy)hexane, 1,1,3,3-tetramethyl-
. butyl peroxy-2-ethylhexanoate, 1-cyciohexy1-1-methylethy1 peroxy-2-
ethylhexancate, t-hexyl peroxy*%efhylhexanoate, t-butyl peroxy-2-
ethylhexanoate, t-butyl peroxyisobutyrate, t-butyl peroxymaleic acid, t
butyl peroxyiaurate',_ t-butyl peroxy-S,5,5'tr_imethy1héxanoate, t
- butylperoxyisopropyl monocarbonate, t-butylperoxy-2-ethylhexyl
monocarbonate, 2,5-dimethy1'2,5'bis(benzoyiperoxy)hexane, t-butyl
peroxyacetate, t-hexyl peroxybenzoate, t-butyl peroxy-m-toluoylbenzoate,
t-butyl peroxybenzoate, bis(t-butylperoxy) isophthalate, Vt-butylperoxyallyl
monocarbonate and 3,3,4,4-tetra(t-butylperoxycarbonyl)benzophenone.
The radical polymerization initiator may be used singly or in combination

of two or more.

The electrically conductive paste of the present invention has a
viscosity measured by an E-type viscometer of 35 to 135 Pas and

preferably 50 to 110 Pa-s at 25°C at a rotation speed of 0.5 rpm and 10 to
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et hyl hexanoate, t-hexyl peroxy-2-et hylhexanoate, t-butyl peroxy-13-September 2004
et hyl hexanoate, t-butyl peroxyisobutyrate, t-butyl peroxymaleic acid, t-
butyl peroxylaurate, t-butyl peroxy-3,5,5-trinethyl hexanoate, t-

but yl per oxyi sopropyl . nmonocarbonate, t-butyl pero' xy-2-ethyl hexyl

monocar bonate, 2,5-diinethyl-2,5-bi s(benzoyl peroxy) hexane, t-butyl
peroxyacetate, t-hexyl .peroxybenzoate, t-butyl peroxy-mtol uoyl benzoate,
t-butyl peroxybenzoate,  bis(t-butyl peroxy) isophthalate, t-butyl peroxyallyl
monocar bonate and 3,3',4, T-tetra(t-butyl peroxycarbonybDbenzophenone. The

radi cal  BolDAEEhAdlleftaby §iak \ singl.y or =i n-combi nati on of
two or more. The ZI%' ectri gs}aflls%gjgngg%t%}\e/%%gggrggdti/%,s%?‘%sﬁ%i%ntion has

- a - Vi scoahtlya npagient oty byt JRedites RS 5, Pass..and
preferably 50 to 110 Pa-s at 255' C at gZ r ot a%ogﬁ;s%g%%q%%%oggo%tﬂﬁ%nd 10 to
11 14 Seppebef 0206 35 Pe- sisandtypuesrahitya rdtatioh SelarSs Blpaphrat a
rotation speed of 2.5 rpm and a quotient obtained by dividi n%) the -

vi scosi t §-9ato 25 prefeuitdy iSoh to ke dWaferOtHe vipsoshty. mbRSuAEdSEOSEdy at 25C
at a rotation speed of 2.5 rpmof 3.5 to 4.5 and preferably 3.6 to 4-2.
When t heaytheriptipn spged pbl-tarpmicsumdlertibandifoPa oor spesdlsaf 3P pM i S

smal | er than .35 Pa-s .or,.exceeds 135 Pa-s there is the possibility that
wor kabi Ié}ie)}ed‘f %Pﬁgoﬁﬁlg{!{tﬁ’ itgélt Workahiliist ohidepplectaically copduictige pastnes poor .
t the rotation speed of 2.5 rpmis

Wh th ' | t d 5C
srrglnl er ﬂgﬁ\&qﬁé A g&%;“ﬁe%%&-egggg% 185 ¥isceqily anegsyredaatpdeF pitl they t hat

kabi |4 ; Leall duct i te | t b :
Wnen- ¢ ne Pk SRPEAEY 8 Enroits e SBA M B P85 e sxreSillbabother 25c ot

0 ORI, B8 (A B YA g P E SEE L 1
coating becomes poor. When the quotient obtained by dividing the
viscosity measured at 25°C at the rotation speed of 0.5 rpm by the viscosity
measured at 25°C at the rotation speed of 2.5 rpm is smaller than 3.5 or
exceeds 4.5, there is the possibility that workability of the electrically
conductive paste in coating becomes poor.

It is preferable that the cured product obtained by heating the
electrically conductive paste has a tensile modulus at 25°C of 0.1 to 2.5
GPg and more preferably 0.3 to 2.0 GPa. The condition of the heating is
not particularly limited. For example, the electrically conductive paste
can be cured by keeping at 170°C for 30 minutes. Whén the tensile
modulus at 25°C is 0.1 to 2.5 GPa, the excellent properties can be
maintained without forming cleavage under a load, for example, under g
high temperature and a high humidity or under cyclic cooling and hesting.
When the tensile modulus is smaller than 0.1 GPa, the adhesive strength
decreases and there is the possibility that cleafrage of the bonding portion

takes place under a load, for example, under a high temperature and a

high humidity or under cyclic cooling and heating and the thermal and

12




exceeds 4.5, there is the possibility that workability of the el @dtSeptembén2004
conductive paste in coating becones poor. It is preferable that the cured
product obtained by heating the electrically conductive paste has a
tensile nodulus at 25C of ' 0.1 to 2.5 GPa and nore preferably 0.3 to 2.0
- GPa. The condition of the heating is not particularly limted. For
exanpl e, the electrically conductive paste can be cured by keeping at 170C
for 30 mnutes. Wen the tensile nodulus at 25Cis 0.1 to 2.5 GPa, the '
excel l ent properties can be maintained without form ng cl eavage under a - |
~load,. for ex I nder hi gh t ergture and a high hum dity or under
cyclic %g%‘i%%(‘%g@"éﬁd&mﬁ‘é’ ﬁ?%?.ec"%%&n me'i‘ ghgiﬁ%s’f?fﬁdapdy?u% exereids 2.5t han 0. 1
GPa, th hasd, Le; -y ang there is the possibility that
cleavagg}O’ t é¥bgﬁg$%8ﬂ%gg?ﬁ€ﬁEﬁgggggv6$§Q@gﬁd@;?h%.‘%%Mﬁgﬂﬁmheﬂaane,
‘under  a thk&plRERRIcAlUHR J 1-01 r nder,. cyclic cooling and
heating an%hlt) he t her mal aﬁg&ﬁgeﬂlgr%%g%gkkéagﬁdﬁ 8%0(11"}%"’"6‘3)nducti vities
decrease. When the tensile nodul us exceeds 2.5 GPa, there is the
possibility that slow cl eavage of the bonding portion takes place due to
the stress generated during the cyclic cooling and 12 A 14 Septenber 2004
heating. In the electrically conductive paste of the present invention, it
is preferable that the amount of chloride ions extracted with pure water at
120' C under 213 kPa for 5 hours is 50 ~tg.or less and preferably 20 ~tg or
| ess per | g of the cured product. Wen the anount of the extracted
chloride ions exceeds 50 Itg per 1 g. of the cured product, there is .the
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possibility that nmetals at the surface of the sem conductor el endAtSepiember 2004
corroded and reliability of the sem conductor deteriorates. It is

preferable that the thernpsetting resin used in the present invention has

a gel tine at 170*C of 60 seconds or shorter. Wien the gel tine of the

t hernosetting resin at 170*C is 60 seconds or shorter, the electrically
conducti-ve paste is rapidly curable. Therefore, in-line curing such as the
hot. plate curing can be conducted and productivity can be increased. Were
necessary, tg@hﬁﬂgctrically conductive paste of the present invention nmay
further conprise additives such as silane coupling agents, titanate

coupling agents, Ipi gieBlesiriéiIBS cortRicORB PiktaGENhS  prasddieshAatton, angd
sol vents. The process for producing the electrically conductive paste of
the present pmé@ablothatsthecimpant bf chlaridy ibhsrekad ctddowitbxpigel @atdrhg,

conponents of the paste -are prelimnarily mxed together and a paste is
prepared frohQ feubbira? hebPaifer frikoursiin§Ooaia ow tess moid preforablio?O igeor i ke.

The resultant paste is en defpaned. in_yacuo. As the process for

pr oduci ng aqgggpgﬁﬁhﬁ%? %€9F¥€p3§ﬁﬁﬁ't dreng the prpqunt) of B gukrerted paste
of the pres I L cahventional process can bpe used, .For exanpl e,
after a pr egdglﬁ?%gééqg%ér t% ?%er?ﬁgfgﬁ]a“l eé\%r rifga0 thesc‘ﬁegpg??ggmt?oaleéﬁ K the

el ectrical | yooaomallg! the RRBAIE USSRl L t}?@%téﬁgg[ﬁ{]dgé%?%eféﬁ{gﬁ%rﬂea' die

bonder, a chip is nmounted and the paste 1s cure I'ng on a hot
pl ate. Then,cottelediael tedinbility of she snduohddcRPdetdiforab® conduct or device is

produced in accordance with the transfer nolding using an epoxy resin. To
summari ze the adhris ageferallet hatpibesdhmrmioseititig eesintlied in the present
invention has a gel time at 170°C of 60 seconds or shorter. When the gel
time of the thermosetting resin at 170°C is 60 seconds or shorter, the
electrically coﬁductive paste is rapidly curable. Therefore, in-line curing
such as the hot plate curing can be conducted and productivity can be
increased.
Where necessary, the electrically conductive paste of the present
invention may further comprise additives such as silane coupling agents,
- titanate coupling agents, pigments, dyes, defoaming agents, surfactants
and solvents. The process for producing the electrica_tlly conductive paste
of the present invention is not particularly limited. For example, the.
components of the paste are preliminarily mixed together and a paste is
prepared from the obtained mixture using a three roll mixer or the like.
The resultant paste is then defoamed in vacuo.
As the process fqr producing a semicbnductor_ device using the
electrically conductive paste of the presént inventlion, a conventiohal
process can be used. For example, after a prescribed portion of a lea&

frame is dispense coated with the electrically conductive paste using a -
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el ectrically conductive paste of the present invention has therndh Sapember 2004
el ectric conductivities approximately the sane as those of solder, shows
little change in properties under a high tenperature and a high humdity

or under cyclic cooling and heating, exhihits excellent workability in
coating and can be applied by using nozzles having a w de range of

di aneters. The sem conduct or devices prepared by using the electrically
conductive paste of the present invention has an excellent reliability and

can be producggd, at,. ?ﬂ cﬁ\é\’bﬁﬂﬁlﬁr tahEgﬂA}g/g‘EéunI aid 6 ntstt'a Psvceurzl't{e% g?r Pgﬁbgﬁb ﬁg

descri bed nore speciftical erence to exa 1855 A

However, the &{eﬁeﬁbtlﬂm%@tloﬂhéﬁ thet wika Bﬁfhlﬁ? {%oRUaIRIC Ind TpExanpl es
and Corrparatlve Exanpl es, the nmeasurenents and he eval uati ons were

conduct ed i n smcioookuter détibe isherddakbd W BgeoFalRdSith thd er Rasté floBlifizze

di stribution of silver powder The particle size distribution of silver
powder was nmE@SDEEE dppxy wesing an apparatus for neasuri ng the particle size
distribution by lgser diffractjon. (2) Viscosity The viscosity was

neasur ed. by usi ngalgfh PURRAFELZY §b%n§@‘é9fnteae=8 of4the, weserhavendon dbee) at

25C at t at d f, 0.5 Th t t bt db
v i ng ¢ he TP EBERT poRtudife o BT £Bp cBit I SpRERGRAT ShoReaCaRgd ot
2.5 rpmw | heetgf @nlaaditRieds a;%d}e i tt%%r hﬁ'éjgé?nﬁ(%} gk Jf éﬁ‘\de-{'b%hgws time

was neasured at 1/70C 1N accord:
little change in properties under a high temperature and a high humidity

or under cyclic cooling and heating, exhibits excellent workability in
coating and can be applied by using nozzles having a wide range of
diameters. The semiconductor devices prepared by using the electrically
conductive paSte of the present invention has an excellent reliability and

can be produced at a low cost.

~ EXAMPLES

_The present invention will be described more spéciﬁcally with
reference to examples in the following, However, the present invention is
not limited to the examples.

In Examples and Comparative Examples, the measurements and
the evaluations were conducted in accordance with the foliowing methods.
(1) Particle é_ize distribution of silver powder

The particle size distribution of silver powder was measured by
using an apparatus for measuring the particle size distribution by laser )

- diffraction. |
(2) Viscosity

The viscosity was measured by using an E-type viscometer (a 3°
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of Japanese Industrial Standard K6901 4.8. (4) Adhesive strength 1A Spleinbar2004
chip of 2 X 2 nmwas nounted on a copper frane using an electrically
conductive paste and the resultant conbination was cured.in an oven at

170C for 30 m nutes. After the curing, the die shear strength was neasured
at 25C and 250C using an apparatus for neasuring the nounting strength.

(5) Tensile nodulus A Teflon sheet was coated with an electrically-
conductive paste and a coating |layer having a width of 10 nm a | ength of

150 mm and a dobek kn@$SCadt ARQLIGMPSdPHEDH 8Fm Mhd &5 _cqgbi Agikayer was
cured in an oven at 170C for 30 minutes, the stress-strain curve was

obt ai ned by dblieinedalksudevidintg the Misaodits tmdamngsd 2010.9 @PmNBY ahe ARs@sAPYat i on
speed of 1 nmmmnute at 25C and the tensile nodulus. was cal culated from
the -initial BeapeedptZHerrmwidl be wfemad dnes the ehixpandesd chl oride ions A
Tefl on sheet (gﬁ; ngﬂtllgd with an electrically conductive paste. After the
coating | ayer g%e in an oven at 170C for 30 mnutes, the <cured resin

fine powder of tna te LS PERm e SPAThICT: Bnpncsatth dRe ot

fine powder of the'c résin,

accuratel y woF ghpsnestanliist:$AMLAdaAP KB HUr € water was added 15 14
Sept enber 2004 and the sanple was treat eg by the extraction at 120C under

213 kPa for %4) hAdhssisadtrchgtt i qui d obt ai ned by the extraction was
filtered. The anount_ of chloride ions was nmeasured in accordance with the

i on chr omat ogr aphy silinen cbipvedi2 68 mumt was meowrtedoh pespper Grahe LBk gCas ed
product. electrically conductive paste and the resultant combination was cured in
an oven at 170°C fqr 30 minutes. After the curing, the die shear strength
was measured at 25°C and 250°C using an apparatus for measuring the
- mounting strength.
(5) Tensile modulus
A Teflon sheet was coated with an electrically conductive paste and
a coating layer having a width of 10 mm, a length of 150 mm and a
thickness of 100 pm was prepared. After the coating layer was cured in
- an oven at 170°C for 30 minutes, the stress-strain curve was obtained by
the measurement with a test length of 100 mm at an elongation speed of 1
mm/minute at 25°C and the tensile modulus.was calcl_ilated from the
initial slope of the curve. |
(6) Amount of extracted chloride ions
A Teflon sheet was coated with an electrically conductive paste.
After the coating layer was cured in an oven at 170°C for 30 minutes, the
cured resin was pulverized into fine powder by a vibration mill. From-the

obtained fine powder of the cured resin, about 2 g of a sample was taken

and accurately weighed. To the sample, 20 ml of pure water was added
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(7) Thermal conductivity An electrically conductive paste was curlddeptroiber 2004
sanpl e having a thickness of about 1 mm was prepared. The thernal.
diffusivity was obtai ned by using LF/ TCM FA8510B nanuf actured by Rl GAKU

DENKI Co., Ltd. in accordance with the laser flash nmethod. The thernal
conductivity was obtained fromthe obtained result in conbination with the
val ues of the specific heat and the density. (8) Volune resistivity A cured
sanple of an electrically conductive paste having a thickness of about 40

m and a wi dt ok the samplasvyy @patedhy the@xtFRSiosANCO° CRSIREASY LPY Al 5
positions placed at 40 mmintervals by a tester and the volune resistivity
was obt ai ned iawmandghsduriidnbtainedhy dhe ehizashopivas fil{@pd ReThahidouhy i n a

hum d conditiqgn @Fs('ifnul ated el enent prepared by disposing alum numw ring
on the surf&d&hiride Wosasmmensyreddn aserrdaage Bhiththeion drommatagrapht6 pi n

dual inline package I.P) uysing an electri.call ondycti ve paste and the
obt ai ned conti'hat] oﬁr{fgs}n%%a’é*da‘g?l“’gw%;gﬁ Ogghel ﬁfPé'P‘y%' m nutes. The
cured productizyagybigat &%Mﬁgﬁg_ gol d wire bonding. The resultant product
was treated by the transter nolding using an epoxy nolding conpound

[ manuf actured by JIVbIECIVEBIETELi O pastd Has GVt 288 t . for 2
m nutes and cured at 175C for 4 hodrs,pa,sAfte?stche 18 1%%?%&)%%%%804 _

obt ai ned packhipkness of utljoat t £dninowiabepjppasadr eTES Akefmbl dafiB iy &ad 25C
under 253 kPa_for 500 hours, the fraction of open defective was obtai ned.
(10) Change iohtgiael yansing LF/TCM FA8510B manufactured by RIGAKU DENKI
Co., Ltd. in accordance with the laser flash method. The thermal
conductivity was obtained from the obtained result in combination with
the values of the specific heat and the density.
(8) Volume resistivity
A cured sample of an electrically conductive paste having a
thickness of about 40 pm and a width of 4 mm was prepared. The
resistance was measured at positions placed at 40 mm intervals by a tester
and the volume resistivity was obtained .from- the sectional area of the
. sample.
(9 Reliability in a humid condition
A simulated element prepared by disposing aluminum wiring on the
“surface of a silicon chip was mounted on a lead frame of a 16 i)in dual
inline package (DIP) using an electrically conductive paste and the
- obtained combination was cured in an oven at 170°C for 30 minutes. The
cured product was treated by the gold wire bonding. The resultant
product was treated by the transfer molding using an €poxy mol&ing ‘

compound [manufactured by SUMITOMO BAKELITE Co., Ltd; EME-
6600CS] at 175°C for 2 minutes and cured at 175°C for 4 hours. After the
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A simul ated el ement prepared by di sposing al um numwiring on the l4Sgptember 2004
of a silicon chip was nounted on a lead frane of a 16 pin dual inline
package (DIP) using an - electrically conductive paste. After a circuit

was formed with an electrically conductive paste between bonding pads, the
obt ai ned conbi nation was cured in an oven at 170C for 30 mnutes. After

the transfer nolding. and the post curing were conducted in accordance with

t he sane procedures as those conducted in the test of the reliability in a

humi d condi t bbthint8 @atkhdd @hs 66Besledneahe fprbfRirD 35818 r B tolBASYe8ec The
resi stance was neasured again after cooling at -65C for 30 m nutes and,

t hen, heat i ngnder 268 @Hadfor 300 honud, e exctionafept g deBROive twamshtaided. change
in resi stancz was _obtai ned fromthese results. (11) D spensing property
Usi ng nozzl e§lHavihgnemin raséstadtaneter of 0.1 mmin a pressurized

automati c dispensg;p 1,00 ots were f%ige%:and,the nunber of dots.  fornmed
wi t hout cl oggi ng ofSiPHEatESlpaentBrepaget P3 disppsingalnppape witiag on the

oo s ot G BOELD A8, WOROEEERR Aol o SRV RNED
14 S | Rang j i zeSi] ve wd %b

wei ght ) Bl o dAEAEP Drb) TRAgE B PSHEREIS SEAGYL HrhOs Rliel 4"

pPN25. 826. 426cikeis 284b Rrindd %&h2ad eebiesdBRediiitichide padte Petdrddn!Kurftify

pml0. 79. 511. 812. 610. 2
pads, the obtained combination was cured in an oven at 170°C for 30

minutes. After the transfer moldiﬁg and the post 'curing were conducted
in accordance with the same procedures aé those conducted in the test of
the reliability ina humid condition, the initial resistance of the paste was
measured. The resistance was measured again after cooling at -65°C for
30 minutes and, then, heating at 150°C for 30 minutes were repeated 300
times. The change in resistance was obtained from these results. -
(11) Dispensing property
Using nozzles having an inner diameter of 0.1 mm in a pressurized
- automatic dispenser, 1,000 dots were formed and the ﬁumber of dots

formed without clogging of the nozzles was counted.
The particle size distributions and the positions 6f the peaks in the

distribution of powders used in Examples and Comparative Examples are

shown in Table 1.
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4.0to 7.0 pm2.111.712.612.19.2 7.0 to 10 pml0. 811. 810. 311. 39. 1 14@ecptombér 2004
pmd. 25.15.72.92.6 15 to 20 pnR.81.53.102.2 20 pmor |arger0.80.20.101.2
Position of peak (pm sharpO.71.10.61.31.4 broad5. 28. 65. 3nonenone Exanple 1
An epoxy resin of the bisphenol F type [the viscosity: 5,000 nPas; the
epoxy equivalent: 1701 in an anount of 18.2 parts by weight, 9.8 parts by
wei ght of t-butyl phenyl glycidyl ether [the viscosity: 400 nPa-s], 1.0

parts by wei ght of bisphenol F, 0 3 ? by wei ght of dicyandi am de and

0.7 parts by weight of 2-phenyl- ﬂﬂlﬁ 5- hydr oxymet hyl i m dazol e were

m xed togefnm—?o—rhe—resmﬁnf—nﬁchﬁe—ﬂe—paﬁt—%by—wekgh{—ef—m | ver
powder al Wase sduetclane mi xed for 40 nPitetesvdesiohly aeighvee-rol | mill. The
obtai ned m xture was defoaned_in a vacuum chanber under 267 Pa for 30

m nutes and an electrically conductive gaste wgg obtaijyed. 18,14 Septenber
2004 The obtained electrically conductive paste had a viscosity of 54 Pas
nmeasured at__the rotation speed . qof 0.5 7rp a viscosity of I5 Pa-sS neasured
at, the r ot At (Pinthgpgtéﬁdi1 of 2.5 rﬁr’h and Ll hi x ?ﬁdex o%?s 6. Thé gel tinme at
170C was 50 seééontéumThe adhesi28s8 stremy h of sa6chi p avas 39 Bpor greater
at 25C and 14 250C. The nsil e dul u s 1.7 GPa. _The anmount of
extracted chl %rgit¥ Fons was 8g %gr 2%? theﬁ(():\g?ed p ozduct 22%he t her mal
conductivity wh& 808mW m C. ThéOvol une %fEesi stilvBty wa.6l.1 102

4.0 to 7.0 pm 12.1 11.7 12.6 12.1 9.2
7.0to 10 um 10.8 11.8 10.3 11.3 9.1
10 to 15 pm 4.2 5.1 5.7 2.9 2.6
15 to 20 um ' 2.8 1.5 3.1 0 2.2
20 pm or larger 0.8 0.2 0.1 0 1.2

Position of peak (um)

sharp 0.7 1.1 0.6 1.3 14
broad 5.2 8.6 53 none none
Example 1

An epoxy resin of the bisphenol F type [the viscosity: 5,000 mPa-s;
the epoxy equivalent: 170] in an amount of 18.2 pérts by weight, 9.8 parts
by weight of t-butylphenyl glycidyl ether [the viscosity: 400 mPa-s], 1.0
parts by weight of bisphenol F, 0.3 parts by weight of dicyandiamide and
0.7 parts by weight of 2-phenyl-4-methyl-5-hydroxymethylimidazole were
mixed together. To the resultant mixture, 130 parts by weight of silver
powder al was added and mixed for 40 minutes using a three-roll mill.
The obtained mixture was defoamed in a vacuum chamber under 267 Pa

for 30 minutes and an electrically conductive paste was obtained.
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X 104 G em No defects were found in the test of the reliability4iSeptamber 2004
hum d condition. The change in resistance was 2.1% In the test of the
di spensi ng property, no clogging of nozzles was found. Exanple 2 to 8 In
.. accordance with the same procédures as those conducted in Exanple 1 using

~ the conpositions shown in Table:2} 7 types of electrically conductive

... pastes were exam ned and eval:uated.: Conparative Exanple 1 In accordance

. with the sane procedures as}-t-h‘(:)_"s'e‘l‘ conducted in Exanple | except that
"silver powder a5 was used in place of silver powder al, an electrically

....conductive pag . ¥ al yat ed. . The,obtained electrically |
"~ conducti ve'pgﬁlg o‘ﬁ@%m%ﬁ\%‘i %ét%%iap 8%8 &Tﬁg"?’gémt%gﬁgﬁr%‘ﬁc%‘tﬁ Prféf’?%)taaﬁti on speed
.0f 0.5 rpehs@red €854 Fotabb; Ba : ed .- : ion speed, of 2.5 .
rpmand a trs1i1;<o i ndex ofa BP:?‘%eThz)fge w@ﬁ% ‘é‘? 08&%@%?35%%8%&%& The
adhesi veatstireenghbionfspred Hf 2. 525 138n a0fhix§ 1 SAELHF 86, 257G, APG e 250C.
The tensile nodulus was 2.1 GPa. The anpunt of extracted“chloride ions was

12 g perl10°¢ wfast hO saronds.19Thd GHpistvetre2@0H ofr @dMGh. whBesd herdml
conductivity was 3.2 WntC. The volune resistivity was 2.4 X 104 92-cm No

def ect s 8xepeerf guRd’ ¢ mndhbd.F¥tata?b0° e Tled teabilei mypdihuawhuni @ q@adi ti on.
The change in resistance was 1.3% In the test of the dispensing property,
700 dot e upd of srtrsgtag ¢ieride ionmygs 8gizpeinl s bfohe catddppidedtdot

formati o®s. .1CQ rati,ve,.Exanpl e 7.1 n accordance wth the sane

pr ocedu?lghse P ertq%glscé’ nggﬁﬂg&'g?gaﬁ ?ﬁ% %hﬁf'e @%Eﬁ’]ﬁ'@ﬂ? Kesigambpavas bds shown in
Tabl e 4, §ot¥ReEmO" 164 SRS Ad% found in the test of the reliability in a

humid condition. The change in resistance was 2.1%. In the test of the

dispensing property, no clogging of nozzles was found.

Example 2to 8
In accordance with the same procedures as those conducted in
Example 1 using the compositions shown in Table 2, 7 types of electrically

conductive pastes were examined and evaluated.

Comparative Example 1

In accordance with the same procedures as those conducted in
Example 1 except that silver powder a5 was used in place of silver powder
al, an electrically C(;nductive paste was prepared and evaluated.

The obtained electrically conductive paste had a viscosity of 118 Pa-s
measured at the rotation speed of 0.5 rpm, a viscosity of 32 Pa's measured
at the rotation speed of 2.5 rpm and a thixo index of 3.7. The gel tinlle at
176°C was 55 seconds. The adhesive strength of a chip was 32 N or
greater at 25°C and 15.7 N af 250°C. The tensile modulus was 2.1 GPa.

The amount of extracted chloride ions was 12 pg per 1 g of the cured
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conductive pastes were exanm ned and eval uated. The fornul ati ons q# Sep@mber 2004
conpositions in Exanples 1 to 8 are shown in Table 2 and the results of

eval uation of these conpositions are shown in Table 3. The fornul ations of
the conpositions in Conparative Exanples | to 7 are shown in Table 4 and
the results of evaluation of these conpositions are shown in Table 5. 20

14 Septenber 2004 Table 2 Exanple Formul ati on of conposition (part by

wei ght) epoxy resin of BPF type epoxy resin of BPA type t-BuPhGE

bi sphenol F _di n. di glﬁ: AN oy E- Lag yl -@cryl ate
PERHEXA3M si Ip\%g(?u%bv\dggg‘a ey I ver pol\lz\(i?@r Yagﬂassl I%%?%%n &r é]%e }s('i‘)?%? powder
a4 silver pawsistivity was 2.4X10-4 Q-.cm. No defects were found in the test of the
reliability in a humid condition. The change in resistance was 1.3%. In
the test of the dispensing property, 700 dots could be formed without

clogging among 1,000 attempted dot formations.

Comparative Example 2 to 7
In accordance with the same procedures as those conducted in
Example 1 using the compositions shown in Table 4, 6 types of electrically

conductive pastes were examined and evaluated.

The formulations of the compositions in Examples 1o 8 are shown
n TaBle 2 and the results of evaluation of these compositions are shown in
Table 8. The formulations of the compositions in Comparative Examples
1 to 7 are shown in Table 4 and the results of evaluétion of these

compositions are shown in Table 5.
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12345678 18.218.218.218.2---1.8 9.85.08.89.8---1.0 1.04.81. 01. 0- -14Gefitember 2004
0.30.40.30.3---0.03 0.7. 0.80.70.7--0.07 --8.47.48.46.9 1.0-8.47.48.46.9
12.614.612.612.6 0.60.60.60.6 130-140140--130 -130---140 --130---150- ---

21 14 Septenber 2004 Tabl e 3 Exanpl el234 5678 Viscosity, 0.5 rpm

(Pas) 54767890 689610795 Viscosity, 2.5 rpm (Pa-s)15202123 18242625 Thi xo

i ndex3.63.83.73.9 3.84.04.13.8 CGel tine (second)50555550 15132010 Adhesive
strength (N chip) >39>39>39>39 >39>39ﬁ%§§ 9 25C 250C14. 713.520. 316. 7
13.713. 316. 216. 6 Tensil e nodul us (GPa) .91.21.5 0.80.61.00.3

Example 1 2 3 4 5 6 7 8

Formulation of composition

(part by weight)
epoxy resin of BPF type 182 182 182 182 - - - 18
époxy resin of BPA type - - - - - -
t-BuPhGE 98 50 88 98 - - - 10
bisphenol F 10 48 16 10 - - - 01
dicyandiamide 03 04 03 03 - - - 003
2P4MHZ .07 08 07 07 - - - 007
BAC-45 ' - - - - 84 T4 84 69
E-1800 , - - 10 - 84 74 84 69
Lauryl acrylate - - - - 126 146 126 126
PERHEXA 3M - - - - 06 06 06 06
silver powder al 130 - - 140 140 - - 130
silver powder a2 = 130 - - - 140
silver powder a3 - - 130 - - - 150 -

silver powder a4 - - - - - . -

silver powder ab - - - - - - - -
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Anmount of extracted chloride81257 107811 ions (g) Thermal conductli#Beptgmber 2004
(WmOQC)3.63.43.24.0 4.13.7 4.22.8 Volune resistivity (0cml A X8.2X1.6X8. 6X
LOX2-2X 8.0 X2.6X 10-410-510-410-5 10' 410-4 10-510-4 Fraction defective in
reliability0000 00 00 test in humd condition (% Change in resistance (%

Di spensing property 2.1 1.8 1.0 0.5 0.8 1.2 1.7 0.4 1000 1000. 1000 1000
1000 1000 1000 1000 22 14 Septenber 2004 Table 4 Conparative Exanple

Forrmul ati on of conposition (part by V\ﬂf% tz) epoxy resin of BPF type epoxy
resin of BPA type t-BuPhGE bisphenol F®dityandi anide 2P4AMHZ BAC- 45

E- 1800 Laur'yI-Eacr yll ale PERHAEXA—3M

xample 1 2 3 4 5 6 7 8
Viscosity, 0.5 rpm (Pa-s) 54 76 78 90 68 96 107 95
Viscosity, 2.5 rpm (Pa-s) 15 20 21 23 18 24 2 25
Thixo index 36 38 37 39 38 40 41 38
Gel time (second) 50 55 55 50 15 13 20 10
Adhesive strength (N/chip)

25°C =39 =39 >39 >39 =>39 =39 >3é >39
250°C 147 185 203 16.7 137 133 162 168
Tensile modulus (GPa) 17 19 12 15 08 06 10 03
~ Amount of extracted chloride ) 8 12 5 7 10 7 8 11 -
ions (pg)
Thermal conductivity (W/m-°C) 36 34 32 40 41 37 42 28
' Volume resistivity (Q-cm) 1.1X 82X 16X 86X 10X 22X 80X 26X
1074 1075 1004 105 1074 1074 1075 104
Fraction defective in reliability 1] 0 0 0 0 0 0 0
test in humid condition (%) ' ' :
Change in resistance (%) 21 18 10 05 08 12 17 04
Dispensing property 1000 1000 1000 1000 1000 1000 1000 1000

22



silver powder al silver powder a2 silver powder a3 silver powdérSepgémber 2004

silver.powder a5 1234567 18.2-18.218.2--- -18.2---- 9.89.89. 89. 8-
1.01.01.01.0--- 0.30.30.30.3--- 0.70.70.70.7--- ----8.47.48.4 --
.--8.47.48.4 ----12.614.612.6 ----0.60.60.6 --15070-- ------- ------

-130- 140-- 130--140130 23 14 Septenber 2004 Table 5 Conparative
Exanpl e1234567 Vi scosity, 0.5 rpm ( Pa- s') 118.841338134179122 Viscosity, 2-5

rpm (Pas) 3221382285632 Table 4

Comparative Example i 2 3 4 5 6 7

Formulation of composition
(part by weight)

epoxy resin of BPF type 182 - 18.2 182 - - -
epoxy resin of BPA type - - 182 - - - -
t-BuPhGE 98 98 98 98 -

bisphenol F : 1.0 10 10 10 - - -
dicyandiamide 03 03 03 03 - -
2P4MHZ, 07 07 07 07 -

BAC-4b - - - - 84 74 84
E-1800 . - .- - - 84 T4 84
Lauryl acrylate : - - - - 126 146 126
PERHEXA 3M - - - Y 06 06 o6
silver powder al - - 150 - 70 - -
silver powder a2 - - - -

silver powder a3 - - - - - - =
silver powder ad - 180 - 140 - - -
silver powder ab 130 - - . - 140 130
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Thi xo index3.74.03.53.74.23.2.3.8 Gel tinme (second)555050511820154AhRgibee2004
strength (N chip) >39>39>39>39>39>39>39 25C 250C15. 711. 810. 811. 87. 85.911. 8
Tensil e nodulus (GPa)2.12.22.61.90. 33.20.9 Amount of extracted

chl ori de1212081010128 ions (pg) 3.22.84.04.20.23.42.7 Thermal conductivity
(WnC) Volume resistivity (a-cm2A X2.6 X9-2X1.3 X2.1 X1A X23X
10-410-410-510 410-210"410-5 Fraction defective in reliability010000000
test in hum-d condition (% 1.32-85u01agﬁ_%2501 7 Change in resistance (1)
Di spensi ng property700800620490*28810 €s to the Tables: Epoxy resin of
BPF t ype: T the bisphenol~ F type;—the viscosity—5, 000
nmPa- s: the ep %VméﬁﬂF at 170. Epoxy résinf BPA Bypeb an7epoxy resin
of the bISpheﬂUf“fVTj¢E?—f+ﬁ?1ﬁfﬁﬁﬁﬁﬁjﬁ_4}4ﬂﬂ}—uWP&S——Lhe—epr¥~equIVa|ent
190. t - BuPhGEisdosikyu 0.5 kph &wsd egC|dyIuethe4 13be ¥i scosi tiyg 42000 nPa-s; a

reactive dil S F: -a ph nollc curing agent. dicyandi am de: a
| at ent curln;ﬁgﬁgt §%§%ﬁﬁ%f 2- phenyl ¢ 4 net hyfe 5- dréxynﬁihyfﬁnldazole an

i m dazol e corfjdueriddex 37 40 35 37 42 32 .38
Gel time (second) 55 50 50 51 18 20 15
Adhesive strength (N/chip)

95°C >39 >39 >39 >39 >39 >39 >39
250°C 157 118 108 118 7.8 59 118
 Tensile modulus (GPa) 21 22 26 19 03 32 09
Amount of extracted chloride 12 120 8 0 10 12 8
ions (ug)
Thermal conductivity {Wim.°() 3.2 28 490 | 42 02 34 29
Volume resistivity (Q-cm) 24X 26X 92X 13X 21X 14X 23X
1074 104 1075 104 102 10~4 105
Fraction defective in reliability 0 100 ] 0 0 0 0
test in humid condition (%) .
- Change in resistance (%) 13 28 50 10 32 250 17
Dispensing property 700 800 62.0 490 ¥ 28 810

Notes to the Tables:
Epoxy resin of BPF tyi)ei an epoxy resin of the bisphenol F type; the viscosity: 5,000
mPa-s; the epoxy equivalent: 170.
Epoxy resin of BPA type: an epoxy resin of the bisphenol A type; the viscosity: 6,800
mPa-s; the epoxy equivalent: 190.
t-BuPhGE: t-butylphenyl glycidyl ether: the viscosity: 4,000.mf.’a-s; a reactive diluent.
Bisphenol F: -a phenolic curing agent. -
- dicyandiamide: a latent curing agent.
2P4MHZ: 2~phenyl-4-methy1-5-hyd.roxymethylimidazole: an imidazole compound.
BAC-45: HLquid polybutad1ene having acrylates at the chain ends; manufactured by
OSAKA YUKI EAGAKU KOGYO Co., Litd. '

B-1800:  polybutadiene modified with epoxy group; manufactured by NISSEKI
MITSUBISHI Co., Ltd.

Lauryl acrylate: lauryl ester of acrylic acid.
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BAC-45: liquid pol ybutadi ene having acrylates at the chain ends; 14 September 2004
manuf act ured by OSAKA YUKI KAGAKU KOGYO Co., Ltd. E-1800: pol ybutadiene
nodi fied with epoxy group; manufactured by NI SSEKI M TSUBI SH Co., Ltd.
Lauryl acrylate: lauryl ester of acrylic acid. 24 14 Septenber 2004 PERHEXA
3M 1, 1-bis(t-butyl peroxy)-3,3,5-trinethylcycl ohexane. *= fluid overflow.
In Exanples 1 to 8, electrically conductive pastes which had the thernal
and electric ¢ VAN AN -IN- T l-] en s .t hgs f. sol der and exhibited
only snal | cha%ggtsi‘_%ik%\é%e‘igrbgsgteb%%géxgg 3’%555 i é’%@’e}‘%aé‘?’ature and a high -
humi di ty and ufddfitsrerfioy- cool i ng and heating and excellent workability of
coating could be obtained. In contrast, in Conparative Exanple 1 in which
the viscosity nmeasured at the rotation speed of 2.5 rpm was higher, the

di spensing property was inferior. In Conparative Exanple 2 in which the
particle size distribution had a single peak, the concentration of
chloride ions was thomgimpRd 1 he 8 edibaRicatilyyed iU PadteCRREHH | s
inferior. In Conparati veﬁExaan e 3in v?k%?lghcidﬁéﬁtﬁggma%ges Gve\(/gl-s h:uhgﬁer, t he
change in redhetmak endaslehiriihesndudbivetveras ex@light asOfhosBOFZEget @AW pl ace
due to the higher viscosity and the di spensing property was inferior. In
Conpar ati ve Exhpias anlyrsmpil changes pathe prepesiize undles tor hight teorperhtisiel ver

powder a4 had Si.n eak al ope, the djspensing _property was inferior.

| n Conpar at i \?é‘?l@z;'r&j“gm?]ﬁtyv\ﬁilgﬁmtdﬁé cyehit epeling andheating and gsorlbanti n t he
paste was s [yabhe viscosit I r gnd.the aste erfl owed

dr opwi se ou'?%{r)é FE? Rlel}tﬁo%t‘z/foeaqzﬂjtﬁ F%‘bl\&gﬁ% p?g’ﬁ%nﬁg A CO@@%& r it %@W&ﬁ‘b’?e 6 in
whi ch the CU'FE&DP&I@Q%tWchhttﬁgvﬁ%ﬁéiﬁf Bds@red at the rotation speed of 2.5 rpm

was higher, the dispensing property was inferior. In Comparative

Example 2 in which the particle size distribution had a single peak, the
concentration of cilloride ions was lower and the rehiability in a humid
condition was inferior. In Comparative Example 3 in which the modulus
was higher, the change in resistance was higher. Moreover, clogging of |
‘nozzles took place due to the higher viscosity and the dispensing property
was inferior. In Comparative Example 4 in which the particle size

- distribution of silver powder a4 had a single peak alone, the dispensing -
property was inferior. In Comparative Example 5 in which the content of
the silver powder in the paste was smaller, the viscosity was lower and the
paste overﬂoWed dropwise out of the nozzle during dispensing. In
Comparative Example 6 in which the cured product of the paste had a

~ higher modulus, the resistance was markedly higher. Moreover, the
viscosity waS higher and the dispensing proﬁerty was markedly iﬁferior.

- In Compgrative Example 7 in which silver powder a5 having a single peak
in the particle size distribution was used, clogging of the nozzles took place

and the dispensing property was inferior.
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hi gher nodul us, the resistance was markedly higher. Moreover, thd4 September 2004
viscosity was higher and the dispensing property was nmarkedly inferior. In
Conparative Exanple 7 in which silver powder a5 having a single peak in

the particle size distribution was used, clogging of the nozzles took place
and the dispensing property was inferior. 25 14 Septenber 2004 CLAIMS 1. An
electrically conductive paste which conprises (A silver powder and (B) a

t hernosetting resin, wherein a content of the silver powder in the paste

is 80% by weight or nore, a particle size distribution of the silver

powder neasured by an apparatus for ngagtifd ng a particle size
distribution. by |laser diffraction has one peak between 0.5 to 2 gm and

anot her peak between 2 to 10 gm viscosity of the paste neasured by an E-

type vi sconetler AselRBinicrlly3snBactivapadsd@lath aompridts 01 siveegontiePabd r pm and
10 to 30 Pas a§ 25C at a rotation speed of 2.5 rpm a quotient obtained by

di vi di ng t he (B acthermpsaitinsresin, ‘é[h?mlata é‘hﬂf@pé@é th¢ sdver ppwdbly in fthe

viscosity at 2 rotati.gn s s 3,5 ¢to and a cured
product ~ obt Z*RE dlsoéoﬁe}%t‘f GOt §‘f' aﬁ’%“ﬁlet%%ﬂ!sénhﬂﬂﬂ?ﬁ é‘f’ glverto 2.5

Si Lver powdePoT e PARARPEE it o POpRERME, e WELGEDS BF BB S250°To
2.0 gm 2. Odisﬂrfﬂ)uﬁoﬁ”by 14se? diffrdctibdMas one peak between 0.5 to 2 um and
another peak between 2 to 10 um, viscosity of the paste measured by an E-
type viscometer is 35 to 135 Pa-s at 25°C at a rotation speed of 0.5 rpm and
.- 10 to 30 Pa-s at 25°C at a rotation speed of 2.5 rpm, a quotient obtained by
dividing the viscosity at 25°C at a rotation speed of 0.5 rpm by the viscosity
at 25°C at a rotation speed of 2.5 rpm is 3.5 to 4.5, and a cured product
obtained by heating the paste has a tensile modulus of 0.1 to 2.5 GPa at
25°C.

2. A paste according to Claim 1, wherein the particle size distribution of

- the silver powder is:

particles smaller than 0.5 pm: 8 to 12% by weight
0.5 to 1.0 pm: 24 to 28% by weight

1.0t0 2.0 pm: 20 to 24% by weight

2.0t0 4.0 pm: 9 to 13% by weight

4.0 to 7.0 pm: 10 to 14% by weight

7.0 to 10 pm: 9 to 13% by weight

10 fo 15 pm: 2 to 6% by weight

15 to 20 pm: 1 to 4% by weight

20 pm or larger: 0 to 2% by weight.
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7.0to 10 gm 10 to 15 gm 15 to 20 gm 20 gmor larger: di strilBdeptombef2004
8 to 12% by weight 24 to 28% by weight 20 to 24% by weight 9 to 13% by
weight 10 to 14% by weight 9 to 13% by weight 2 to 6% by weight 1 to 4%
by weight 0 to 2% by weight. 26 14 Septenber 2004 3. A paste according to
Claim1, wherein the thernosetting resin is at |east one resin selected
fromepoxy resins which are liquid at 25C, acrylate conpounds having an
unsat urat ed doubl e bond and net hacryl ate conpounds havi ng an unsat urat ed
doubl e bond. 4. A paste according to Claim1l, wherein an anount of chloride
ions extracted fromthe cured product with pure water at 120C under 213
kPa for 5 hogl SAl adif dbc0idihgS5 ORfim1 OwhbrdiARHEWIEABEAMG! rochh j&\ap251 €
according to Caiml, wherein a gel tine of the thernosetti'ng. resin at

170C i s 60 skmshdmeoresihosdlectedbirod $9Bke ORI QhidPRAEaliysidPhersred by
using an electrically conductive paste described in any one of Claiml to
5. acrylate compounds having an unsaturated double bond and methacrylate -

compounds having an unsaturated double bond.
4. A paste according to Claim 1, wherein an amount of chloride ions
extracted from the cured product with pure water at 120°C under 213 kPa

for 5 hours is 50 pg or less per 1 g of the cured product.

5. A paste according to Claim 1, wherein a gel time of the thermosetting

resin at 170°C is 60 seconds or shorier.

6. A semiconductor apparatus prepared by using an electrically |

conductive paste described in any one of Claim 1 to 5.
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27 ABSTRACT ELECTRI CALLY CONDUCTI VE PASTE AND SEM CONDUCTOR D#\Aepember 2004
PREPARED BY USI NG THE PASTE. An electrically conductive paste conprises

80% by wei ght .or nore of silver powder and 20% by wei ght or less of a
thernosetting resin. The silver powder has a particle size distribution
havi ng two peaks at specific positions. Viscaosities of the paste nmeasured

under a | ow shearing stress and undeArBastangli@ shearing stress are in
respective specific ranges and the i t hese VISCOSItIeS isin a

specific range. . u d h Fes has a
tensil e nodul us |nﬁggggggFgFgﬁrgﬁngﬁéiﬁpﬁ ?gE ﬁ@é %ﬁk# T | ectric
conductivities approxi nat BEfICHePREPEREB Bhous]_’]w T8R! PlegTE shows little
change in properties under a high tenperature and a high hunmidity or under
cyclic cooling an@h%’@?trmﬂymngbttti@e pagiechempirisendOkaby MWeightior me@tdfng and
can be applied to co n Using nozzles havin w de range of

di aneters. ASUEPT BB egﬁdc%ﬁllétkﬁ Herghdy 9xc tesp of apﬁgmf@@t%yg gesing The paste.

FI GURE :

No\l%ﬂver powder has a particle size distribution having two peaks at specific
positions. Viscosities of the paste measured under a low shearing stress
and under a high shearing stress are in respective specific ranges and the
ratio of these viscosities is in a specific range. . A cured product obtained
by heating the paste has a tensile modulus in a specific range. Thé paste
has thermal _an'd electric conductivities approximately the same as those of
solder, shows little change in properties under a high temperature and a
high humidity or under cyclic cooling and heating, exhibits excellent
Workability in coating and can be applied to coating by using nozzles
having a wide range of diameters. A reliable semiconductor device is

prepared by using the paste.

FIGURE : NONE
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