14 Sept enber 2004 ELECTRI CALLY CONDUCTI VE PASTE AND SEM CONDUCTOR4 SopteinBer 2004
PREPARED BY USI NG THE PASTE BACKGROUND OF THE I NVENTION 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 | C and
LSI to netal frames and for electrically conductive bonding of '

_:seni conduct i.ve ELECIRISALILY CONSUCTECE FderE mt@ﬁg@@lﬂﬁ 1 Or
devi ce prepared by using the paste. Description Related Art the :
el ectronics: itndust ry - hd3ENAGE PREPARRBD KD ESINGILES PASEEm conduct or -
el enents have achi eved the devel opnents fromtransistors to IC fromlICto

LSI and fromLSI to super LSI. The degree of integration in the o g

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

sem’ conduct oOk,.. K9 ts using the sem conductor el enments expands, :

i mpr ovenent ?ﬁeﬁvﬁggg%ﬁ% 'Thd reduction of cost have become inportant
subj ects in the npgs ,REQIYGHLEON t her, han bondi.ng of

sem conductor el enments w '{dhh{rzrgltgg ()Flg{r]re%stgfﬁdelgél}?lecgu@Icg%@?%b‘%spasﬁ%lgngeen

conduct ed byausintigoslcdier de@Eos Hrhi I s hj i §.ha I ' human
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heal t h. However, fromthe standpolnt of protection of the
envi ronnent , the presen¢duiveridon halatbhao bohiitlyg detiablnelectrchiBy cotfiudtive Ot her
electrically conducti-ve materials which do not contain lead. 1 14 Septenber
2004 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 thc; electronics industry ha_s made the remarkable progress,
semiconductor elements have achiéved the developments from transistors
to 1C, from IC to LSI and from LSI to super LSi. The degree olf
" . integration in the semiconductor elefnents has raj)idly incfease_d 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.



Heretofore;: in general.; a . sem conductor elenment is ; bonded H&eptember2004
el ectrically conductive nenber such as a frane in accordance with the

Au- Si cocrystallization nethod and the bonded portion is sealed with a
hernmetic seal to produce a sem conductor product. However, a sealing

method with a resin has been devel oped to i nprove workability and reduce

cost in the mass production and is wdely used at present. As an inproved
nmet hod for the Au-Si cocrystallizati-on method in the nounting step, a
met.hod usi ng @, i, paste,.i. e a.meiho ing.an electrigakly :
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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

renoved and t_hggfunc}thi on of tl’ii!eﬂ switch is enhanced. Therefore, bonding to
outer el ect PaHBed WyiHinagesinihys haeardeveloped o imarere worksbHiy and edprace t he

' bondi ng, .F th ' A t Ligbilit f ' t
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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 andit%e&%%%pg ergg%r a%(gloélermal 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



thermal conductivities, drawbacks arise in that viscosity increaddsSeptember 2004
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 nethod
such as dispense, printing and stanping and used after being cured by

heating. It ig _pr rabl e.-t-hat . the baste .exhibits excel.lent workahility in
Ccoati ng 'indegg‘:ﬁ%@% 1%93‘2‘%&_%‘&%%’619%%“’%_“ Phe"Bort %}H"Sﬁ 8‘5688186&P8E?.asﬁ% ntly,
~.as the. d.»egre%e@ériéﬂ&"t@%o?%é}ﬁ@tﬁfand&ﬁ% %ﬁﬂﬂ%ﬁgf&rs& SRR A B dRAREE (G 02" | MY

a portion having a sma area 1s require esult, 1Tt s required

that. t he coatiigtgsieans bateesddatiag hdaYingSoRgude foFBldtRm JFea1d£ a Jebfeag¥anpl e,
when the coating is conducted wusing a conventional electrically conductive
paste, ‘nozzl és thavhergnad coddactitity and a@.iBcreasoin greedtaricagnisbencesadhbut

nozzl es having a dianeter smaller than 0.3 nmm cause a problemin that

cl oggi ng of" pradiyyprsion: akes pl ace due to contact between filler

particles and a uniformcoatin annot be achieved. It js_required

recently that t he%cﬁ?ﬁeﬁ%’ g%e E%Q%Qﬁqg’dc?fé‘f"r‘?ﬁ“’ﬁ Pa§hs 3% épﬁh@ilﬁ:ﬁ eafithoet er of
0.1 mMmm Mbre - JL .8 a ired.that the aste which can.be used for
coating by a%}éﬁglﬂéef)?%%nnlgé gccgso?f(g#‘{ed%éﬁrrle enrlet?lé)% %lé’ﬁu%seysgfgﬁe’fporﬁm&%%ti ng by

a nozzl e haviRd sRas i e inBQMAd | es Leation
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of a die arethopdstk exhibitsasxcellest wWoeRhbifite andeatingeindapbeddlyeoh@nee t he
swi tching function of - a power MOSFET. However, when a conventional epoxy

resi n-based pas of the partivoniodnt ¢oated. PRéopntlydes bhs ddgpasifantepration of
drawbacks arise_in that 3 14 Septenber 2004
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



the electric' and thermal conductivities are insufficient and thd# Sehember2004
resistance in. the condition that a switch is put on increases when the
product is exposed to a high tenperature and a high humdity such as the
condition in the pressure cooker test or to cyclic cooling and heating

al t hough satisfactory results can be obtained under the initial condition.

It is desired that that above drawbacks are overcone. |In Japanese Patent
Application Laid-Cpen No. 2000-223634, a bonding nmethod using a gold bunp

i.s disclosed. Py d.i i sadvant ageous .from the standpoint
of cost . SoviREn R bt TuR OR o aBE PO B et R L BEt Tor
providing an RkREAkdeCH ke BRMEIE IVE RaANiBHM 5t1¥ Rasidnel B! RO (glectric
conductivities approxinmtely the sane as those o sol er, shows | I'ttle
change in - propdntt @exposiel toda hightdreparatateldt] aMgia hibhafih ket ¥ner under
cyclic cooling and heating, exhibits excellent workability in coating and
can be appl icotdijorugn ridienpreskes: baskergtest irdeo regclie coslit anwdt Bestiand a

sem conduct or .devi ce prepared by using the paste. As the result of the

ext ensi ve st L?&Fi’ég“gg'ysatthséa"ﬁf”é’sé?ﬁ‘llﬁsrﬁ?éh?‘é)lﬂbﬁ%ne%@mﬂév'éh@ eitiah condidlvnect , it
was found that. en lectricall onducti ve past onpri sed 80% by

wei ght or- mﬁ‘éiso@é]séﬁ(ﬁtzﬂagﬁlgmwﬁﬂﬁg‘fg% PreREPT e ?péggamseaf’atent .
thernoset ti Ny LfighBont ' I a particle .size distribution
havi ng two peaxfgl at ngpﬂé@?@%&%%;?%ﬁgé&@?@c%s% e &etﬁ% USh%st E0fftasur ed
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respective specific ranges, the ratio of these viscosities was 1n a
speci fi ¢ rangeéamimbiat afivoed product obtained by heating the paste had a 14
Sept enber 2004 tensile nodulus of 0.1 to 2.5 GPa, the paste had thermal and
electric conductivities approximately the sane as those of sol der, showed

litthe 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 compriéed 80% by weight or more of silver powder and 20% by
weight or less of a therm.osetting 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 respt_ﬂ;ctive specific ranges, the ratio of these viscosities Wés ,

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



change in properties under a high tenperature and a hi gh hum di t y4&cptemheei004
cyclic cooling and heating, exhibited excellent workability in coating and
could be applied to coating by using nozzles having a w de range of

di aneters. The present invention has been conpl eted based on this

know edge. The present invention provides: (1) An electrically conductive
paste which conprises (A silver powder and (B) a thernosetting resin,
wherein a content of the silver powder in the paste is 80% by wei ght or

. h | :
apparatus 1ol hOschPRAMISOE Ll Mo 2pl O b et Bp ot o <Y act on
has -one peakc&?&d%ﬁﬁh& pr)fbxgmﬁhés}dtheage?ﬂl@eés REGS beLyasn salogngadlﬁtq%5 Pa- s

viscosity of the paste neasured by an E- type visconeter

-at 25C at a cldidd o ps@aatiedfurled 4 PAERAGMPLPa e 3QdPR 1R thBedifl of

rotation speed of 2.5 rpm a quotient obtali ned by dividing the vi scosHy
at 25C at a nodet éxwhcspdo ahd (heétlngmrtmbtthé extedbms ivtorkabillit DCcadting
rotation speed_of 2.5 rpmis 3.5 to 4.5, and a cured product obtained by
heating the ﬁa@tceuhiaée arplipd itp conbiag) s usingongzales hagngrnwide rasg of 2) A
paste described in wherein the particle size di tl’l% nof t he
silver powdef'dRete T]&? STCRTRY PEreniea, SSbi’ftﬂ camplpted ghts 0.5 to
.10m24t0%g vvelght 1.0 to 2.0 m 20 to 24%by weight 2.0 to 4.0
m 9 to 13% vvelgﬁt 5 14 Septenber 2004 4.0 to 7.0 m 10 to 14% by wei ght

7.0 to 10 n¥ 9 t oTRSYed¥n¥Biv@Rtion provides:

(1) An electrically conductive paste which comprises (A) silver poﬁder
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



10 to 15 m 2 to 6% by weight 15 to 20 m1 to 4% by wei ght 20 mldSepamber2004
0 to 2% by weight; (3) A paste described in (1), wherein the thernosetting
resin is at least one resin selected fromepoxy resins which are liquid at
25C, acrylate conpounds having an unsaturated double bond and nethacryl ate
conpounds havi ng an unsat urated doubl e bond; (4) A paste described in (1),
wherein an anount of chloride ions extracted fromthe cured product with
pure water at 120C under 213 kPa forr 5 hours is 50 g or less per 1 g of

the cured product; (5) A paste scribed in (1 rein a gel time of the
“thernpsetting resin at 170C i%ggbﬁgé%hds or éﬂ&&ﬁgﬁ‘%ya‘ﬁal ) A .
sem conduct or appar atus prepar ? ? ing an el Iy i . gonducti ve paste
described in any one of (1) toﬁ g ?10 CRI PTI Oﬂgaél#%@ylPﬁE@%RED

EMBODI MENTS The el ectrically cqodyabing: paste ofgtt@g%og);a@@%ti'nvent-i on is
an electrically conductive paste conprising (A) silver powder and (B) a
thermosetting resin. The content toR0the: sil ver poeslaw bynwbhditpaste is 80%

by wei ght or nore. The particle size distribution of the silver powder
measured by an apparatus foZOmasnlanggra parti clOstos3% bydvesghts buti on by

| aser diffrac |€n has one el?k befween 0.5 to 2 mand anot her. peak between
2 to 10 m Thd3li SRAste flegqrihadein dds whatein fhe fhoymesetting ypen igjademtt er i s

Sept onber 200 Syt SR spO%y FBERE: Ghicl R bRk it artalitee
o ont ot oo, i) a1 g 200,78/ BRSS!,
4.5. The cur egniifodeideéthaving 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 gél timme of the thermosetting resin

at 170°C is 60 seconds or shorter; and

(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



obtained by heating the paste has a tensile nodulus of 0.1 to 2. 34GRateaber 2004
25C. When the content of the silver paste in the electrically conductive
paste is | ess than 80% by weight, there is the possibility that the thermal
conductivity and the electric conductivity decrease. The silver powder used
in the present invention has the particle size distribution nmeasured by an
apparatus for neasuring a particle size distribution by laser diffraction
havi ng one peak between 0.5 to 2 pn1and anot her peak - betmeen 2to 10 m

betueen 0. 5 08 5 2ha° 2k kit aReRef aecrs i the SthennoRieer k-
di spensi ng paaaemgytms&ﬁlﬁw'z%b@%@ \6%04%% Jgﬂ.%%%g'tﬁé'ﬁ%ogﬁyduct'Ve

paste has a content of the Silver nor e

el ectrical | yat 860G ¥ @oRasde spaid 61‘52 8Pipiok 661 3.3 € f4Q=I M7k @il Yhdduct
stability without clogging or fluid overflow using dispensers having
nozzl es havi nigtaaned by heatge tie pastordtosrs terislei mod phefafrablte 2 H@P4 he peak
between 0.5 to 2 gmis sharp and the peak between 2 to 10 pmis broad in
the particle 2871Ge distribution. is nore preferable that the peak

betagen 0'5'1o 2 e b el g B Bedk heiein 20 10 Tyt e
RS R T A A A R
2.0 to 4.0 n?:_bn(ﬂlcgivtit?r an®ti%lectric conductivity decrease.
The silver powder used in the present invention has 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



7.0to 10 m 10to 15 ).m 15 to 20 mr 20 pmor larger: 20 to 24%eptoyber 2004
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
havi ng the above particle size distribution, the increase in viscosity of’

the electrically conductive paste is suppressed and the electrically
conductive paste having a stable dispensing property can be obtained. The
paste can be applied by using nozzles ranging froma very snmall nozzle

having an i nner diameter of 0,1 o a very | e zzl e. having an inner
di ameter of 1 nm even when thé €g%b#?%ally coﬁ@gpgﬁganpﬁ?ﬁgghas a content
of the silver powder of 80% by gl nor e. J y. the
excel | ent di spensi ng property can‘ﬂe exhrbrted ggig%ﬁt éﬁgﬁ ver paste -

~having the above particle sizggioSt.oiption i smrg@m%sb Robnelear. It is
estimated that particles of the erver powder form a cl osest packi ng

structure and, at the sane ti k) tab0iypcr ease i g W $3%Yytweight t he
electrically conductive paste is suppressed. In the electrically conductive
paste of the present inventionlOth&d upkier noset t iz 6% diynweighhot
particularly limted. It is preferable that the thernDsettrng resin is at

| east one resin sel ected from EpEXIVHES| ns whi cH toxd% byiweight at 25C,

acryl ate compounds havi-ng ag.,unsat ur at ed doubl e d . and/qr nethacrylate
conpounds havi ng an unsaturg?gﬂlaﬁ F& bond. OQOQA}“”Wméh

By using the silver powder having the above particle size distribution, the
Increase in viscosity of the electrically conductive paste is suppressed end
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 Wilen the electricaﬂy
conductive paste has a content of the sﬂver powder of 80% by weight or
more. .The reason vsrhy 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

: paeking 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
and/or methacrylate compounds having an unsaturated double bond.
Examples of the epoxy resin used in the present invention include

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



Exanpl es of the epoxy resin used in the present invention include4 September 2004
pol ygl yci dyl ethers obtained by reacting bisphenol A bisphenol F, phenol 8
14 Sept enmber 2004 novol ak or cresol novol ak with epichlorohydrin; aliphatic
epoxy conpounds such as butanedi ol diglycidyl ether and neopentyl glycol

di gl ycidyl ether; heterocyclic epoxy conpounds such as diglycidyl

hi dantoin; and alicyclic epoxy conpounds such as vinyl cycl ohexene di oxi de,
di cycl opent adi ene di oxi de and alicyclic diepoxy adi pate. The epoxy resin
may be used §j I L DAty or. nore.. An_epoxy resins which
is solid at %%ééﬂé%gﬁgtegbggeg as%llegﬁéﬁgi?)g&\r{%lsﬁnﬁ’ a%‘“@ﬁ“ﬁ%"’f‘?ﬁ?%&‘“ﬂ $5C when
such an epoxduchf & bt ifed &R dhtt GHIhdBEhMY1 LT IRy ROGRL: Of the
epoxy resin used in the present invention is "not particu rl?/r I'mted.
Exanpl es of hétereyrliogpage kbmpoahidseuckh rdaodiylycid Ialﬁﬂdnﬂjiﬂyﬂﬁézdlﬂ]?ﬁios uch as
adi pic, acid di hydrazi de, dodecanoic acid dihydrazide, isophthalic acid

di hydr azi de epsgypcomppendsissichcasl vidihydohekae diddyeandicgniogentadhaieol

novol ak resi#}g o] taic{1§ﬂ by. reacting. bisphenol A, bisphenol F, bisphenol S,
t et r amet hyl bPSEWERRd Alicyclig dienoxy Reimatephdholeprxy resin apmt by hiidyihelyol S,

di hydr oxydi phe her., i.hydr oxybenzpphenone, .cat echol , r.esorci nol

hydr oqui none%} ]@Jb%ngé]lg% I,i;mntogttr r?é'tlﬁﬁxﬁeoi ABPXY ERS Wg‘é&b’ﬁi %’E}‘ﬁéﬁcﬁs’ &

met hyl et hyl i dgngbi = ] i ihsphenel and

- nonohydri ¢ phenol E%%%ﬁﬂgésé%%"gﬁﬁg w}é%slosﬁmgir% a&%ﬁiﬁg{he\% Sfur?%faélr?%qxgehyde in
a di | ute aqueslisissabtdd Withiali§id resi. ongly acidic condition; early
condensat es of nonohydric phenols with polyfunctional al dehydes such as
acrolein and gl yded cimng hgemicofthe epogydedinameddarthy peeRae ReAd:E fordls

pol yhydric phenol s, such as catechol, resorcinol and hydroqui none with
f or mal dehydengtiparfieubpallimitedndExaomples phitldacwiies agemthinabide carboxylic

2-nmethylimd | e. thylimd le, ,2-.
rethyltim a%%(? gl’hy%?&Zq esI ngucﬁz %se adlzplc, 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-



phenyl i m dazol e, 2-phenyl - 4-net hyl i mi dazol e, 2-phenyl - 4- net hyl - 514 September 2004
hydr oxynmet hyl i m dazol e, 2-phenyl -4, 5-di hydr oxynet hyl i m dazole and 2 9 14

Sept enber 2004 undecylim dazole; and- 2, 47di am no-6-{2 nmethylin .da7.ole

- triazines which are obtained by adding triazine and isocyanuric acid to the
" inidaZol es to provide storage stability and addition products of .
isocyanuric acid to these conpounds. The curing agent may be used singly

or in conbination of two or nore. The acryl ate conpound having an
unsaturated doubl e bond and the nethacrylate conpound having an

unsat ur ateteeytinblezdond whilch Hudiamsest6Hi-hbehanLa lé (‘]}’)?@Eljl f.are not
particularly 1imted. Exanpl es of the conpound incl al't cy iC esters’ of

(et h) adFipgeesaE e @Hel cmtamad kxaddmg n‘ﬁaz(lﬁefah)i&%c&fyladxﬁlrﬁ%&d tgkpgmti c
esters of &rret h) acry 3 acid, esters of aliphatic dicarboxylic acids and
@

(et h) adFyRRElge F‘dpéﬂifd 's‘%Oéage gtahilibnani eddiieapbedydts of icfisn @i

(rreth)acr cid. A radi | ymerization initirator for the acryl ate
compoun&® % \;?n%‘es‘érf m gﬁ‘edﬁ‘ﬁlﬂpé pead By bheusmst sagly| @t s conpound
havi ng [ ouble bond which are used in the present invention.
i's not @gtélrb;ﬁ?%% IngE‘g? mted: Exarrpl es of the radical polynerization

o | d | | oh
B T LR G N

per oxi de,

but yl pemmtihesildte dormpbiRd Wiﬁﬁg'&fﬂ%?%&?gragt?gt n@‘{"%ﬁf* C€ %H'Eglgﬁxgx)el 1-bi s(t-

cycl ohexane, 1, 1-bis(t-hexyl peroxy)

but y| pensed ) ythb givesameinv@nlionl Stdndt ropane,
1, 1-bi s(t-butyl peroxy) cilncvl (I)ldodecanle1 ﬁhﬁ}?&:ﬂ}%y‘ Hﬁ{'}f)&%t y%%) E%r%i

val er at &1¢ compenrd indludy hbeydlq@dtuismfdm&h]a&yﬁé hci%!;' *ﬁ@l%‘i:ﬁ’%);e
e AP SR Y e ASEoPSn gk (Dt hane Pyl Gper ¥ de
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-

10




1, 3, 3-tetranet hyl butyl hydroperoxide, t-hexyl hydroperoxide, di cumBeptember 2004
peroxi de, 2,5-dinethyl-2,5-bis(t-butyl peroxy)hexane, a,a'-bis(t 10 14

Sept enber 2004 but yl per oxy) di i sopropyl benzone, t-butylcunyl peroxide,
di-t-biltyl perioxide, 2,5-dinet.hyl-2,5-bis(t-butylperoxy)hexyne-3, :

i sobutyryl peroxide, 3,5,5- trinethyl hexanoyl peroxide, octanoyl peroxide,

| aur oyl peroxide, cinnanoyl peroxide, mtoluoyl peroxide, benzoyl

per oxi de, diisopropyl pe roxydicarbonate, bis(4-t-butylcyclohexyl)

per oxydi car bgps D ;.. i te...1di.- 2- et hy] hexyl
per_oxydicarbonazqg’,r0 Rﬁﬁgg%¥%8?§¥ggé¥5;?%?@%%%%%%%%&&&cﬁtlﬁhy?pennﬁd&

di (3- met hyl - B5niineokylbRI6HiH(t el Pp¥rod) kadyRerAt €sobutyryl peroxide, 3,5.5-

cc, a~- bi s(neodecanoyl peroxy) di i sci propyl benzene, cunyl °peroxyneodecanoat e,
1, 1, 3, 3- t et rtaimethylhertarioype nexyxidedecatamayk, peroxijie) ohexplt Iperoxigéhyl et hyl
per oxyneodecanoate, t- hexyl peroxyneodecanoate, t-butyl

per oxyneodecaibamayl mpegeside, gatelipp! \nerexide, theproxll ppraxadey piliisdratpyl

2, 5-di met hyl - 2, 5- hi s(2- e hyl | h . 1,1,3, 3 tet t hyl -
butyl por onP SRRl oAt B EREHAAOD nakgiditboptieo s

t hyl h - | v-2- et hyih te. t-butyl

ot hyl hexanodperhopy DY, pASkONa iV ANZXBARERY, beistirnbRinaatia ¢
butyl per oXyeahugfle, pelduydicaRfindey - 3,cﬁ(§a$efchgﬂieé-9¥éti1§f_%lﬁgpﬁé Q{ﬁ;oxy-

but yl per oxyi sopropyl . nmonocarbonate, t-butyl pero”xy-
nonocar bonatdicarbohaidi, i netfiyibidnbodbcah AP ARy REIONYIIENGRne ! - DUy

peroxyacetate, t-hexyl peroxybenzoate, t-butyl peroxy-mtol uoyl benzoat e,
t-butyl per @eytromeodeenopis ( tL,bid 3 teermeihylbsiybhtpeabatreodécdnshyd, per-oxyal | yl
nonocar bonat e and %,3',4 T-tetra(t-butélperoxycarbonyDbenzophenone. The
radi cal pol yHePhowli bethylethlneromgneptecanedtes tthexyl perokynemiebamenteon  of
two or nnre._TQg electrigfllx %pndﬂctive aste_of the present invention has
a t-butyl per6Xyneodecanoate, t-hexyl perdxypivalate, t-butyl peroxypivalate,
2,5-dimethyl-2,5-bis(2-ethylhexanoylperoxy)hexane, 1,1,3,3-tetramethyl-
. butyl peroxy-2-ethylhexanoate, 1-cyciohexy1-1-methylethy1 peroxy-2-
ethylhexanoate, t-hexyl peroxy-2-ethylhexanoate, t-butyl peroxy-2-
ethylhexanoate, t-butyl peroxyisobutyrate, t-buty! peroxymaleic acid, t-
butyl peroxyiaurate',_ t-butyl peroxy-3,5,5-trimethylhexanoate, t-
- butylperoxyisopropyl monocarbonate, t-butylperoxy-2-ethylhexyl
monocarbonate,  2,5-dimethyl-2,5-bis(benzoylperoxy)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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viscosity neasured by an E-type visconeter of 35 to 135 Pa-s and 1grsepemdsl 3004
50 to 110 Pa-s at 25'C at a rotation speed of 0.5 rpmand 10 to 11 14

Sept enber. 2004 30 Pa-s and preferably. 15 to 25 Pa-s at 25C at a rotation
speed of 2.5 rpm and a quot.ient 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 rpmof 3.5 to 4.5 and preferably 3.6 to 4-2. \Wen the
viscosity neasured at 25C at the rotation speed of 0.5 rpmis snaller than
35 Pa-s or exceeds 135 Pa-s, there is the possibility that workability of

Lhe el ecBoirab lndgaRelably ¢5REHEPa kR Qg-a*%§€%f”§1§;§é°ﬁﬁ'¥§gﬁgwgf‘fer t han

viscosity nmeasured at 25C at the rotation spee . ‘
- 10 Pa- s andexapedieni®itanted bed®iding tHe RQSSithidd byed gt , Wworkabi lity of
the electrically conductive paste i rlll% coating ibgc%)trr%% %g"gr? %%tilimf he

quot i ent sparcheNBE tpm diyvilai vigesddity aviZScOSit ¥ roRATN ﬁﬂzeﬁtofzﬁﬁg by bRe
rotation speed of 0.5 rpmby the viscosity neasured at 25C at the rotation
speed of 32 ® 4 prandpraferdldy 36140 42.5 WhernetireedsostiybmehHefed 415259

possibility that workability of the electrically conductive paste in
coating e apggspeed of §.5orman ds abladlertibint35ePau e dxpraalducs Pkai ned by
heati ng Ehe. el ﬁCt r i%ﬁl ly conductive paste has a tensile nodulus at 25C of
0.1 to ZHhereasihe ngssibiluy that e ilgtyzof theelecteirally toaduotive piaste of t he
heati ng 4.s rticularly Limted. For exanple, the electrically
conduct il\lflec%é;@%%%aegé%legéjoc?ﬁr eW@n ﬁg’SpYIﬁEPS&FY yrsured ag029iGuattethe Wien t he
tensil e .oppauk | : . . GP he excel |l ent properties can be
mei nt ai ned WIH'[ h%ﬁfgapg?% h‘g %Jes%/%é%r E’%%?OJS?MHPXWS&% 1sethefigder a
hi gh t enfpeyiat yossikind efhlgitgppom.m-ﬁ{ %f . lic.coalin nd heati ng.
Wien t he tens?l e modul us i s smal 3& tﬁgﬁt%g‘%rn(égg ‘f%—f\ruﬁﬁﬁgsﬁ df'r engt h
decr easesating beesfies Spddie PWIBIIthet Yubhidht WitaMRAC b dmghpgor}%ieng portion

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




takes place under a |oad, for exanple, under a high tenperature dAdepemherfd04
hum dity or under cyclic cooling and heating and the thernmal and 12 14
Sept enber 2004 el ectric conductivities decrease. \Wen the tensile nodul us
exceeds 2.5 (GPa, there is the possibility that slow cl eavage of the-
- bondi ng 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 i-s preferable that the anount of '
chloride ions extracted with pure water at 120' C under 213 kPa for 5 hours
i's 50 ~t - | ess d.preferably 20 ~t r less per | g of the cured

pr oduct .eg?f\‘%elﬁ (teqriléi ugiﬁlgéﬁ?s cf?f'“‘éééexm%'?ég‘e tersde i medubis exsaede 550 1t g per
1l g. of d: af j he ossibility.that netals at the
surface %}{‘%’t ﬁ?@eﬁ%@%gﬁ%ﬁgﬁﬂg{ glrlr%t?lts ioeﬁ e‘zlé)acvt?lgfeo Bh%rh?nldé‘llg FeEtipRy of the
‘'sem congukéPplEe R ©@F | al,-the .t hernpsetting resin
used in‘theé)%r esent i%ﬁ{?%%gérﬁgggﬁéﬁﬁgk%aEYC&G/E)Q‘%“}%a’g% seconds or
shorter. Wien the gel tine of the thernosetting resin at 170*C is 60
seconds or shorter, the electrically conductive paste is rapidly curable.
Therefore, in-line curing such as the hot plate curing can be conducted
and productivity can be increased. Wiere necessary, the electrically
conductive paste of the present invention nmay further conprise additives
such as silane coupling agents, titanate coupling agents, pignments, dyes,
def oam ng agents, surfactants and solvents. The process for producing the
electrically conductive paste of the present invention is not particularly
limted. For exanple, the.
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conponents of the paste -are prelimnarily m xed together and a pasegtember 2004
prepared fromthe obtained m xture using a three roll mxer or the |ike.

The resultant paste is then defoaned. in vacuo. As the process for

produci ng a seni conductor device using the electrically conductive paste

of the present invention, a conventional process can be used, For exanple,
after a.prescribed portion of a lead frane is dispense coated wth the
electrically conductive paste using-a 13 14 Septenber 2004 commercial die
bonder, a chpgyiiss mounted and the paste is cured by heating on a hot

pl ate. Then, the wire bonding is conducted and the sem conductor device is

produced i n accoriiatiee eWcticdllye cddBRsive p4Rt $rlle pIEAG BIV-BPORY i %Si n. To
sumari ze the advantages of the present invention, the electrically
conducti ve pasfaable th theesantnt of elilbiride ibas ekhraen@l withdpu! ®@8tdri £t
conductivities approximately the sane as those of solder, shows little
change in prbfEft redergtekPa for §rhauappe 68t er tevd aadringferabli 89 (g oror under

cyclic cooling and heating, exhjbits excgllent workability in coating and
can be appl ilggs Al ign%tl ﬂgezﬂ"éeéi RIS aWhede they sgrouaet Ofd%/%@{‘@la@edThe

seni conduct i G r.e i t el ectricall onduct ive paste
of the presg%ltl&?%%/gﬁﬁ %%9%28 %‘Jnlzléxgé Irigﬁ'toqlrat & apied; P{Pdé%& AR B roguced

at a | ow cogjossipXMYPHER mERSsPIHERRNEWiRNERF 'tﬁg s%i#o&ivﬁ?lﬁgﬁs%hﬁ%q 4Rre

specifically with reference to exanples int wever, the
present i nveotiodediand rdiabilityidf ehe bémiddadasrbasiorhfesdExanpl es and

Conpar ati ve Exanpl es, the neasurenents and the eval uations were conducted
in accordance wi tlh is ngefeiblovihag thet theatmosetting resin used 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 electrically 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 lead

frame is dispense coated with the electrically conductive paste using a -

13



(1) Particle size distribution of silver powder The particl e sizé4 September 2004
distribution of silver powder was neasured by using an apparatus for
measuring the particle size distribution by |aser diffraction. (2)

Viscosity The viscosity was neasured by using an E-type visconeter (a 3 14
14 Septenber 2004 cone) at 25C at rotation speeds of 0.5 rpmand 2.5 rpm

The quotient obtained by dividing the viscosity neasured at 0.5 rpm by the
viscosity nmeasured at 2.5 rpmw |l -be referred to as the thixo index. (3)

Gel time The i ' r i cordance W he,.nmet hod

of Japanese Iﬁ’gj{lj%l%ir’({{% (ﬁ%?) gggﬁg' C%g%gélmgfzg%d(%@%‘ e‘r’lssl%le\’/leS Cﬁr?éﬁﬁikﬁaﬂngi licon
chip of 2 X 2odmywast "plBE.ed PRed QBBPSFird I BORIHS! RY BRdule@Cahiacahly
conductive paste and the resultant conbination was cured In an oven at
170C for 30 nsemicesductbt éevitdés pradurgd ih hecotidgn@heith the eNeiér moBEnpeEasUr ed
at 25C and 250C using an apparatus for neasuring the nounting strength.

(5) Tensile nyduEas eroX¥frésin. sheet was coated with an electrically
conductive paste d a coatjng ] ayer having a width of 10 nm a |ength of
150 mm and a t hi ckifes®ugparge ghe vadvantapes «f. the t preserfe iovembion Ithyer was
cured in an

. 170C f 30 mnutes, th tress-strai -
obt ai ned by Gﬁ%@%ﬁgg&ﬁog ﬁt(?‘r"f/\,i]-T’t"’lr'si{;r';’ar‘#I (—Pg'? Ifré?ﬁ‘g‘ftﬁlr{r}’]%% ’8% 5 g]i‘grg‘%"’\ﬁgﬁgfﬁ;ati on

speed of 1 regmfa%gdta ti@ﬁfés\?‘%ﬂ)t‘b?&ﬁﬁﬁ? the sTRAU MBnochas SRIGULRLES from

the initial ope o e cur
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°

14



(6) Anount of extracted chloride ions A Teflon sheet was coated J#tSep@amber 2004
electrically conductive paste. After the coating |layer was cured in an

oven at 170C for 30 mnutes, the cured resin was pulverized into fine

powder by a vibration mll. Fromthe obtained fine powder of the cured
resin, about 2 g of a sanple was taken and accurately weighed. To the
sanple, 20 mM of pure water was added 15 14 Septenber 2004 and the sanple
was treated by the extraction at 120C under 213 kPa for 5 hours and the

i qui d obt ai nedebyt 5eCent FastibORpeass bi DILEER adde AEPMNT THE! ngdﬁeQ{ti de
ions was neasured in accordance wth the ion chronmatography ahd ‘convert ed
into the anowhtaimed by didflintshthe uisedsifyr athichired A} 0T51eﬁﬂjﬁby ¢hAAHEddsityt Y An
el ectrically conductive gaste was cured and a sanple having a thickness of
about 1 mm wddediaparéd:d m willdawsfertedtosshe phimasndit ai ned by using

LF/ TCM FA8513§)nrr§,§r actured by RIGAKU DENKI Co., Ltd. in accordance with
the | aser fl The thermal conductivity was obtained fromthe

obt ai ned result i 0 bi iLon wth h es of the specific heat and
the density. (8) @31%{1’2%{%%‘% i’{‘/?%syr%& ég}ég‘i‘zghﬁwr%q\ncgﬁ%ﬁé%% ety
conducti ve_pasaphadeTddsuidlishaas goghoul 40 mand a width of 4 mm vas

prepared. The resistance was-neasured at positions placed at 40 mm

interval s by (4 tAdhesive adngtle vol ume resistivity was obtained fromthe
sectional area of the sanple. (9) Reliability in a humd condition A

si mul at ed el enent Apvilipen eiiphyf 2% 8 pomi wgs abaiitad wnvd coppgr Grrh Qsinglih ace of
a silicon Chgﬁcmgaﬂrgoggﬁdeu%ti?rg p%lsltee ggdftlilgnisasﬁitagt ]éc?mg}nr;tgiaivas 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

15



inline package (DIP) using an electrically conductive paste and tlHeeptember 2004
obt ai ned conbi nati on was cured in an oven at 170C for 30 m nutes. The

cured product was treated by the gold wire bonding. The resultant product
was treated by the transfer nolding using.an epoxy nolding conpound

[ manuf actured by SUM TOMO BAKELI TE Co., Ltd.; EME- 6600CS] at 175C for 2

m nutes and cured at 175C for 4 hours. After the 16 14 Septenber 2004

obt ai ned package was subjected to the pressure cooker treatnment at 125C

under 253 kPeaaridthes@nplewrss trehiedibyatielsxbraetionpan odef eeliby 2138925t g ned.
(10) Change in resistance A sinulated el ement prepared by disposing
al um num wi r iyrsandrde ligwid abtrinéd by the extractidn prasddtaredint Ehe amoant ead

frame of a 16 pin dual inline package (DIP) using an - electrically
conducti ve paﬂi wb?orﬁfet wns yrascineasired i acterdanee withhtheion| cbeominbagrhyhy

conductive paste. het n_pondi n ads,. t he obtai ned ¢onbi nati on was cured
in an oven ataniﬁ%févfﬁﬁéﬁpo erﬁfg%‘ér?tlﬁrt]ego e ewgAdredisiol di ng and the post
curing were qendygted.i nce with the sane procedures as those

conducted i nqt)r:e t est ao t g&?ﬁgl iability in a humd condition, the initial

resi stance of the Arasleti@sL éB%ﬁ%Hfi%jpaI@ewﬁg%ﬁé@Qﬁ&é’\@ﬁrn?f‘ei‘gg%ﬁgo€gai n

after cooling at -65C for 0 m nutes and, then, heating a 30 .
ni nut es wer e thepmatedf Aduttl mes. whbepepanak | Thé abbihahgefy@site by ned
fromthese results. (11) Dispensing property Using nozzles having an inner
di anet er of @blaimadihy wsipe 1M SEASH PP metrivfactus@kb by RIGAKUODENKE wer e
formed and tlzg]an#inaer, of dots fornmed wthout clogging of the nozzles was
counted. The Yfar t1°81 dspoeerdguger Pith ithaslasan fash poethodon<lhe thhempkaks in

the distrib "(J:E)I'lc?l?ct?x}cityp %\Q%egb%m%%ﬁdfr&rr} t%éag%)tla?ge ?gs ti %{)I% Iir\llaetiolflxenr’rt%l es are

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 17 5°C for 4 hours. After the
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shown. in Table 1. 17 14 Septenber 2004 Table 1 Range of parti cl é4 September 2004
si zeSi | ver powder (% by wei ght) al a2za3a4a5 smaller than 0.5

prmil0. 511. 79.010.712.7 0.5 to 1.0 pnR5. 826.426.627.230.2 1.0 to 2.0

pnmR2. 322. 120. 823.222.6 2.0 to 4.0 pnil0. 79.511.812.610.2 4.0 to 7.0
prml2.111.712..612.19.2 7.0 to 10 pml0. 811.810.311.39.1 10 to 15

pm4. 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 resibtahed packi&PRasehbibcledie tht heeduss esdiley: tréat%%tré%ﬁwct he
epoxy equivalent: 1701 in an amount of 18.2 parts by weight, 9.8 parts by

wei ght  of t - omtlyt BhdkHa fgk poDdwrsgtthe fridtive oficpen slefactivd Mhsdrafled. 1. O
parts by wei ?@ of bisphenol F, 0.3 parts by weight of dicyandiam de and
0.7 parts by a’@&e@fﬂ%ﬂ#ymm met hyl - 5- hydr oxynet hyl i m dazol e were

m xed together. TqQ the.re tant m xtur 30 parts by weight of silver
powder al was add %a‘iﬁié‘éﬁmﬁﬁ'f PWW&EV@SH%}W &H%IHPEEWF%Pg omthe The

obtained m xngrfg d§1f1%§‘ o%cﬂ?cst v\?)%%ga cha gﬁa%e%g pm drwjfo

m nutes and an i ¢al
inline package (DIP) using an-electrically conductlve paste. After a

circuit was formed with an electrically conductive paste between bonding
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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18 14 Septenber 2004 The obtained electrically conductive paste Hddepember 2004
viscosity of 54 Pas neasured at the rotation speed of 0.5 rpm a viscosity
of 15 Pa-s nmeasured at, the rotation-speed of 2.5 rpmand a thixo index of
3.6. The gel time at 170C was 50 seconds. The adhesive strength of a chip
was 39 N or greater at 25C and 14.7 N at 250C. The tensile nodulus was 1.7
GPa. The anmount of extracted chloride ions was 8g per 1 g of the cured
product. The thernmal conductivity V\%Sb{lS 6 WmC. The volune resistivity
was 1.1 X 10°4 Clem No defects weré? ‘i)hnd inthe test of the reliability
in a humd condirtion—The change—in reststance—was 2-1%—tn—thetest of
the di spefgisngl gsropesitey, no cl oggi ng Biflvenoowdee &% Waseikbund. Exanple 2 to 8
I n accordance with the same_procedures_as those _conducted in__ Exanple 1
using the conpositions shown inzfable 2,2 7 typgs of elgctricaliy

conductive pastes were exam ned and eval uated. Conparative Exanple 1 In
accordance w.th the.sanme procedyres as, those conducted In Exanple | except
t hat silversmﬁttl)l\?\h%rangé Nias usedqlﬁr‘? pl ackl of si | v8r pov&f’e? al 124n

el ectrically g¢onduGumve paste was prepzded andseval uat7er. Thepgbt ai ned
electrically i ve paste a vi Sity 118 me red at the
rotation speegggogﬂgmg rpm a v?g%osi tyffo 32 Bgfé rreas%?%d a?g'?he rotation
speed of 2.5 #Pptmahdna thixo i if&x of Iy, Thélfel tiys at 170C was 55
seconds. The adhesiyg strength, ef, a chip;, was N or reater,at 25C and
15.7 N at 250C. TheMtensi |l e m&g'llus waislpiz. 1 Gi?i? Thelzglrmunt %‘ extracted
chl oride ions"®&s10mng per | glBf the Euff ed 19034 Septléhber 2904

10to 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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product. The thermal conductivity was 3.2 WntC. The vol unme resi d#iSeptembevcd004
2.4 X 104 92-cm No defects were found in the test of the reliability in
a hum d condition. The change in resistance was 1.3% In the test of the
~di spensing property, 700 dots could be formed without clogging anong 1,000

- attenpted dot formations. Conpardtive Exanple 2 to 7 In accordance with the
‘- same procedures as those conducted in Exanple 1 using the conpositions

- shown.in Table 4, 6 types of -electri-cally conductive pastes were exam ned

" and eval uated. The formul ations of the conpositions in Exanples 1 to 8 are.

....Shown in Tabd ‘ s. of;. eval uatj on .of ‘t hese .copposjtions are
Shown in" Taprie §oRhet el SoRuuFUP Bkl Badla YigRaS kBt | ve

shown in
T e o A R A R e ey e
Cop!C ot e AR, PUUIONS. LS GUREL e
BAC- 45 ¥0Ur80@vas 50 seconds. The adhesive strength of a chip was 39 N or
greater at 25°C and 14.7 N at 250°C. The tensile modulus was 1.7 GPa.
The amount of extracted chloride ions was 8 pug per 1 g of the cured product.
The thermal conductivity was 3.6 W/m-°C. The volume resistivity was 1.1
X104 Q-cm. No defects were 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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Lauryl acrylate PERHEXA3M silver powder al silver powder a2 S|Iqesgpemﬁeﬂmxm
a3 silver powder a4 silver powder a5 12345678 18.218.218.218. 2---1.
9.85.08.89.8---1.0 1.04.81.01.0---0.1 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 product. The thermal conductivity was 3.2 W/m-°C. The volume
resistivity was 2.4 X104 Q-em. 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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Gel tinme (second) 50555550 15132010 Adhesive strength (N chip) >32430p@eba004
>39>39>39>39 25C 250C14. 713. 520. 316. 7 13.713. 316. 216.6 Tensil e nodul us
(GPa)1.71.91.21.5 0.80.61.00.3 Amount of extracted chloride81257 107811

ions (g) Thermal conductivity (WmQOC)3.63.43.24.0 4.13.7 4.22.8 Vol une
resistivity (0Ocm 1 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 (% %] spensing property 2.1 1.8 1.0 0.5
0.8 1.2 1.7 0.4 1000 1000. 1000 1000 fB G 1000 1000 1000 22 14 Sept enmber
2004 Tabl e 4ECo arative Exanpl &€ Formut atiom of —conmposition —(part— by

wei ght) epoxy ¥€sin of BPF type epoxy résin of BPA thype 6t-BuPhGE

bi sphenol F —dictyandianmde
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 - - - - 12.6 146 126 126
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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2PAMHZ BAC-45 E-1800 Lauryl acrylate PERHEXA 3M silver powderl4&kptember 2004
silver powder a2 silver powder a3 silver powder a4 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 3
-Example 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 26 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 >389 >39 >39
250°C - 147 135 203 16.7 137 133 162 168
Tensile modulus (GPa) 1.7 19 12 15 98 06 1.0 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 105 104 1074 105 104
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
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Tabl e 5 Conparative Exanpl e1l234567 Vi scosity, 0.5 rpm 14 September 2004
(Pa-s)118.841338134179122 Viscosity, 2-5 rpm (Pas) 3221382285632 Thi xo

i ndex3. 74.03.53.74.23.2.3.8 Cel tine. (second)55505051182015 Adhesive

strength (N chip) >39»39>39>39>39>39>39 25C 250C15. 711. 810. 811.87.85.911.8
Tensil e nodul us (GPa)2.12.22.61.90. 33. 20. 9 Anmount of extracted

chl ori del1212081010128 ions (pg) 3.22.84.04.20.23.42.7 Thermal conductivity
(WnC) Volune resistivity (a-cm2A X2. 9-2X1.3 X2.1 X1A X23X
10-410-410-510 410-210"410-5 Fraction é%tlve in reliability010000000

test in hum tance (1)

gconditTom (% 1. 32=-85.- 0103225017 Change—+n—+rest+s
Di spensi ng pP@ﬁ%FFV?@@BBB%2049O*288101hbt%s td the Tablesé Epbxy resin of

nPa- s; t he eEwmymﬁmupmmh@mumnl7o Epoxy reS|n “of BPA type: an epoxy resin
of the bi sphepat byweighie: t he viscosity: 6,800 nPas; the epoxy equivalent:

190. t- BuPhGE pleyhudiy bidtanyle 91 yCi dyjg set her 1 gthe Jui sc_osit_y: 4,000 nPa-s; a

reactive diluent.
epoxy resin of BPA type - - 182 - - - -

t-BuPhGE 98 98 98 98 -

bisphenol F . 1.0 106 10 10 - - -
dicyandiamide 03 03 03 03 - -
2P4MHZ, 0.7 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 - T - - -

silver powder a3 - - - - - . -
silver powder a4 - 130 - 140 - .
silver powder a5 130 - - . - 140 130
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Bi sphenol F: -a phenolic curing agent. dicyandiam de: a |atent cudiStgtember 2004
agent. 2P4MHZ: 2-phenyl - 4- net hyl - 5- hydr oxynet hyl i m dazol e; an i m dazol e
conpound. BAC-45: |iquid pol ybutadi ene having acryl ates at the chain ends;
manuf actured by OSAKA YUKI KAGAKU KOGYO Co., Ltd. E-1800: pol ybutadiene

nodi fied with epoxy group; manufactured by N 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-trineth I%yclohexane *= fluid overfl ow.

In Exanples 1 to 8, electrically conductal ve pastes whi ch had the t her nmal

and electrlc onduci | |t|gs as exceltent “as those of —sotder—and—exhi bi t ed
only snall é’§at’l"ﬁ HeP'Hroperties dnder? a Hi gh 4 emferature? and a high
hum dity and MWW&%W%MMMablllty of
coating coul dvibesigh0.&irpePashn contrasitig i g4 Coryparsd i vey Ex@gpliezl in which

t he vi scosHy &%QEUEQOI aEP Ee r ot at| o%ospeed of 2.5 rpm was higher, the

di spensi ng property fferi or. npal at Pe 2%xafipl €82 i % which the
particle si zeTldJrosnfielxbutl on had a SI ngle peek,3.4 hes.7 concerdy atjon of

chl ori de ions(;,éi\/@ﬁlelégggg1 and the reliafpjli um condi 4 ON was

i nferior. %g}f ar(atls)e Exanple 3 in ng(?: ]%;be rr%dul%s éb” %I gher, the
change in respl‘ EWE(WFB er. Moreover, clogging of nozzI es took place
due to the highescviscosity and the dtggpelagl Bgg praperby -wWashypferior. In
Conmpar ati ve Exa 4 in which the p e, distribution of silver
powder a4 had aﬂ@}’@ eak al one, Egebdﬁggeﬁég 3 pridhety WA inferior.

| n Conpar at i Vienge P}és Hah whi ch the,ﬁlcorﬂibntzﬁ)f 19 he.3si Iazer ggowder in the

paste was snelhdhtoffel@acidaseRsid Y Was f0weppand thg 19 1o 4

ions (ug)
Thermal conductivity {Wim.°() 3.2 28 40 42 02 34 27
Volume resistivity (Q-cm) 24X 26X 92X 13X 21X 14X 23X
1074 1074 10-5 104 102 10~4 10°5
Fraction defective in reliability 0 100 ] 0 0 0 0
test in humid condition (%) .
- Change in resistance (%) 1.3 28 50 10 32 250 17
Dispensing property 700 800 620 490 ¥ 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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paste overfl owed dropw se out of the nozzle during dispensing. |4 September2004
Conparative Exanple 6 in which the cured product of the paste had a higher
nodul us, the resistance was narkedly higher. Mreover, the viscosity was

hi gher and the di spensing property was markedly 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

di spensin ro .i RE, QK } t.enhe 04 CLAIMS 1. An
p gp @E hﬁx)&’%ﬁz[ Q,l%g(t%ﬁtyéﬁéméﬁ%r ,%Qmme Kgc:yc%o (B) a-

electrically conductive pa$s c i’ses STF powder and
t her noset ti ng fedlf o#ffeFein a content of the silver powder in the paste
I's 80% by weight or nore, a particle size distribution of the silver

powder neasured by an apparatus for neasuring 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 viscometer | 4n3fxipled®l -8 AbciZRGIH! cdhdullidk RRAPERIIChAR. the! P and

10 to 30 Pas at 25C at a rotation speed o .5 rpm "a quotient obtalned by

di vi di ng t he thespebiany alec@ECcaidwctivitiad iadnesqediedt Qfs thdzel fiMsdliled R d
viscosity at 25C-at a rotation speed of 2.5 rpmis 3.5 to 4.5, and a cured
product ~ obt &xhedtasy omlyatthaly chhngemint thapropertiensinder moblighuengfer@tret 0 2. 5

GPa at 25C 2.. A e according to Caim1l, wherein the particle size the
silver powde@®ds2 l'ggﬁtt]?‘ﬁl’é]étysﬂ% [ugder iexplip coolipg ang hipating and egeellento t o

2.0 gm- 2. O'V)éogkébﬁitgn&f coating could be obtained. Incontrast, in Comparative
Example 1 in which the viscosity measured at the rotation speed of 2.5 rpm
~was higher, the dispensing property was inferior. In Cémparative
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 |
‘nezzles 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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4.0to0 7.0gm 7.0to 10 gm 10 to 15 gm 15 to 20 gm 20 gm d# Septegber.2004
distribution of 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 O to 2% by weight. 26 14 Septenber 2004 3. A
paste according to Claim1l, wherein the thernosetting resin is at |east
one resin selected fromepoxy resins which are liquid at 25C, acrylate
conpounds havi ng an unsat urated doubl e bond and net hacryl ate conpounds
havi ng an unsaturated double bond. 4. A paste according to Claim1, wherein
an amount of chloride ions extractedf{ffthe cured product with pure

wat er at 120C under 213 kPa for 5 hours 1s 50 g or less per 1 g of the
cured product. 5. A paste according to Claim1l, wherein a gel tine of the
t her nosettind. Areglentratallyz0GdiistiGOpsde onitish comphiaes &X). siver fowdsi ge@duct or
appar at us pr?ﬁfred by using an electrically conductive paste described in

any one of ClBi f thergosetting resin, wherein a content of the silver powder in the
paste 1s 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 ym and |
another peak between 2 to 10 um, viscosity of the paste ﬁxeasured 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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27 ABSTRACT ELECTRI CALLY CONDUCTI VE PASTE AND SEM CONDUCTOR DEGEgEmber 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. Viscosities of the paste nmeasured
under a | ow 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 nodulus in a specific range. The paste has thermal and el ectric

conducti vitigs APpsasidwbRlidgttBeCHRAREL a%htepéiﬁeth%fthe%hga{g nﬁsﬁ%gﬁ tlé Lptle

change in properties under a high tenperature and a y Oor under
cyclic cool i kgsansheheedinngeleeteli Hoks epyge! deefis w\mmambl lig¥id Bt Cmb ng and
can be applied to coating by using nozzles having a w de range of

di amet ers. Asewlitgsomppamds dvdieg on wseiweted dophle fandchrhbymethagylabe past e.

FI GURE : NONE
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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