; e3e#L(t 8#6n#T#hnSP-f~ot~ r |~ ELECTRI CALLY CONDUCTI VE PASTE AND Shotivot

SEM CONDUCTOR DEVI CE PREPARED BY USI NG THE PASTE BACKGROUND -THE

| NVENTI ON lelmmummmlﬂﬁl nventi on The present invention relates to an

el ectricall il paste and a sem conduct or device prepared by using
the paste. Moirespasticularly, the present invention relates to a highly
reliable electrically conductive paste which is used for adhesion of

sem conducti ve e h I S| to netal franes _an or
checircally cBREGHRAEES HAYmolirahat e AND e iR ErO8, o

el ectrodes and to a sef i ILpg the paste.
Descri ption of Rel at edW%ﬁW$@§Pmm@¢%2H§t§s made t he

remar kabl e progress, sem conductor el enments have achi eved the devel opnents
fromtransistors to IC, fromICto LSl and fromLSI to super LSI. The
degree of integration in BRAECKITEROTNDWF AHE TRVERTIORS rapidly increased
and the mass production of the elenents has been nade possible. As the
appl i cat i on Riéld dfthedmiventidnict or products using the sem conductor el enents
expands, inprovenent in workability and reduction of cost have becone

i mport ant subj ectlshe present wysntipn selades ran electricallyn cpndugtivg papigratidhg of

sem conductor elenments wiih metal fr s and outer el ectrodes. has been
conduct ed by ﬁFS’PW@ngHPtHéffef&?t@ieR?FFd?ggdﬁ}n%h% Rapte. ﬂ?‘ijpa’ftbc‘ﬁﬁ’élyhunan

heal th However, f fan i nt. of projecti o] he @ql obal, .
envi r onnent j{;ﬁF P rleégé@egﬁt}i%rn 213 tﬂeg&etshté) o}glﬁﬁﬁgr%léa%g% ﬁ?ﬁfépgﬁﬂ’éyc ot P‘?%"eot her

el ectri cal | y,,GRNQHEH & u3Bd §6¢ alRedtbh OF fdihiBRdcBRE AP meAEd su b ablicet of ore,
in general, "a sem conductor elenent is bonded to an electri ca? y conductive
nmenber such aasl 4.SIr a0emebalagemiciangrl \fbit RlédigicAlly Stonduetiyet Bobhdiagt bON

met hod and the bonded portion is sealed with a hernetic seal to produce a
senm conduct eenpeanlictive Hoemeats witheaitenelenstdided and Hoaa reesiicoihgt@een
devel oped to inmprove workability and reduce cost in the mass production and
is widely usleyicgprgpatashby uaingdheinastoved nethod for the Au-Si
cocrystallization, met in.the nounting step, a nmethod using a resin
paste, i.e. m&’gﬁfwel ectrically conductive paste, is used.

Mor eover) as the ,sem co I i ve_hi r densiif i an reater
capacities) it i éA‘sSr gicl]‘f%ie? éej(gg‘%rﬁgﬁ qsé‘é&r SF%S ﬁg egfllﬁ? sreql?gﬂ}é"\;)gééfrgg’fer%ls’c and
thermal condugfitondictsr Aemeres hhe@hcRRvENIRE d@@el@ﬁﬂl\éﬁ@é rQRRkraRliders Metal s.
In particular, in a power MOSFET, resistance in the condition that a switch
i s put on mistIde fromel®doad.Siuahd affomodSIbte supet NBSI.geTheategrebeaf at t he
surface of the elenent is renoved and the function of the switch is
enhanced. Thetegiratien ibdheisemirendneter eleimmnts duesrapidly incressad ayidathe i s

studied as a method_to.replace the w re _bondi ng. .
mass production pof the eqements has %eex? 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 the
global environment, it is required that the bonding be conducted by using

other electrically conductive materials which do not contain lead.
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JFor further inproving the reliability of sem conductor elenents, it is
recently required that the reliability of bonding of sem conductor el enents
be not adversely affected even when a resin package is exposed to a high
tenperature and a high humdity or to cyclic cooling and heating. As the

el ectrically conductive paste having the required excellent reliability, a
paste prepared by dissolving a thernoplastic resin in a solvent and addi ng
a great amount of a metal filler such as_silver, powder to the dissol ved
resin is stJderedolorpney egengisdn ainseicandyucier yelgment isobendeds tohamet al

filler is added t Ly obtain the high electric and 2. th
conduct | vi (ISR LGSRBRECET SRmhe RUtP dpch SEIS prePeanse (G | or at e

wor kabi ity 1 . i lv rease Js sity is
scattered dd@?ﬁ%‘ﬂ@&ﬁ?ﬂgg§%3€5ﬁgﬁﬂﬁb?ﬁ%§?§ﬁﬁ%95§39§§?ﬁ§§dg%§§5§éﬁ?%-the
ther mal condygidetict eadtd PFdAURE £ 88RidoRdubRr §h8ahsd. C HARVEr 2ACSlihgt he
bondi ng portion. In general, the electrically conductive paste is applied
to coat the rhetididngithartesomhanbesc devddowre twiinipraveraiohbability And sedlipense,
printing and stanping and used after being cured by heating. It is
preferabl e tdeat inhthepamass exedwition endeld avidelyonigediati pyesentcodts ag

i ndependently of the ea of the portion tQ be coated. Recently) as the
degree of id%P&?‘{]B%?%?‘?éf%‘iﬁ% y ‘Eﬂcr%ﬁtéﬁ%f”é’ni et ’é’sﬁ’ecB‘QPPﬁ’(jlga
portion having a snahler area is required, As t esult, it,is.required
Phat the codtfhign aarinst wihun clamagatier fso 4 Eiafrd Aing spLtiepficelifors e
when e o odohlflctite BANALGL BodtS! MBrébvE R HE A SBcoRHRLE difldk 1ERATUCHI Ve
paste, nozzles having a diameter o .3 'mmor greater can be used but

nozzl es haV'lﬂﬁh@r 84 be hnd Ebh®r daPasitids 3it THrequized #hay tH R Pabfeat

cl oggi ng of the nozzles takes place due to contact between filler particles
and a uni f oritsetbhbve glednnoanddhamhak eendudtivitiss rasgexceBdnt esetlidsy ethat t he
coating be conducted using a nozzle having a dianmeter of 0.1 mm_Moreover,
it is al so reeguentaenalhgeldeme metale wWHncwazteules, used frRAVEo MOSFHL, a

nozzl e having a small dianmeter can be used also for goatin a nozzle
havi ng a gr é‘giSlSBerIH:ﬁéPég‘? corditiophrat g syalsie oyt prrangt Wieg%‘{)g%ﬂntc i d- Open

. I f I f h f di
ponded wi i h arPosrid i ek BeBaii el B8R Ao Bl e Mo BRL AGRr Rl g ©

function of g PaefuddiBhEF tHéoé’ﬁi‘é% is %‘Hﬂ&n&d?oﬁ‘h%%fb%@%gpg&%gmbﬁ@érﬂ' based

paste or a conventional polyim ased paste is used, s arise in

that 3 theledtfsdesiwithnd nidial phlte GORUUdibH Hs! & Bethbd tonf@plddecihenkirand t hat
the resistance in the condition that a switch is put on 1 ncreases when the

product is éwopdsegd to a high tenperature and a high humdity such as the
condition in the _pressure cooker test or ,t.oe&ycl i.c cooling and heati ng
al t hough sati sf adsdyrthes improving the rediabilityeef sepieendustor ¢lempnts, doisdi t i on.

Ao | cat 1 on FEETULCIRA AR RGBS SSHRaY of BENENeS! AUDHORONEPRGE G burp
Appl | cat "H0bE BB ed b
of cost. SN el e Efhrivhefl CRRTBREORA'R CARE REORBCT I

provi di ng anegipaedtuiré ahtita Ili%'hdl&'&ﬁﬁdiﬁy 028 & chb c6dlidiPand B@M@% and electric

conductivities approximately the sarie as those of sol der ows little
change in proper Asetheueldetricallyi ginduetipe rpiste hadink shd irgfuibedriestedlJerar under
cyclic cooling and heating, exhibits excellent workability in coating and
can be appl ireHabyity,s anpastez preparbdvinglissolvide 2 athgemoplagtiamedsin sinand a
sem conduct or _ devi ce %repar ed by using the paste.

solvent and adding a great amount of a metal filler such as silver powder
to the dissolved resin is studied. However, when an excessively great

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



As the result of the extensive studies by the present.invention to achieve
t he above object, it was found that, when an electrically conductive paste
conprised 80% by wei ght or nore of silver powder and 20% by wei ght or |ess
of a thernosetting resin, the silver powder had a particle size

di stribution having two peaks at specific positions, viscosities of the
paste neasured under a | ow shearing stress and under a high shearing stress
were in respective specific ranges, the ratio of these viscosities was in a
specific rarthermall canduetavitiosodievbadnianise By thehtvisgsitheinsaerseshtad a 4

tensile nodujus.of 0.1 to, 2.5 G° t he paste had t he and el ectric
conducti vi ti‘J@ée ?JWS)?Y%&?B’ﬁyytaﬁ’éiaé’éﬁ‘?“a %al’i’b“séoal&?ntsﬁ‘ii‘ggr to g?ﬁfﬁ%ﬂa the e

; ! e g 4
Cyaive cool e Rafea i AL AAE e BulhPPoifl ) ol g ana
coul d be applitge thOrhfPdnA%chYitY Sl D iesd e iﬁl%lié @%cﬁri&‘&&%tﬁﬂ&%ﬁl e

di aneters. The present i1nventioh has been conplete ased on this

know edge. THoadpigeperion.nvention provides: (1) An electrically conductive
paste which conprises (A) silver powder and (B) a thernosetting resin,
wher ei n a cont entinogenenal, $hevadectpioalde conductiree pasteeisi apdish by comi thet or
nore, a particle size distribution of the si]ver powder neasured by an
appar at us f GONGERE BPTtER A0 frerdapee ith agmethed, suehy @s slispenser PEItIIZCt i on

h k bet 0.5t d t k bet tQ.10 Vi
ZSCtt Sregza“ti aping %@s&ﬁe&%ﬁb%ﬁ%&%?&ﬁ%@mf i Brofgrapye ? a
speed of 2. gﬁég}%&tg%%uo l?geﬁ?cegjgélgirur’l@%qgglﬂ i {\3} g‘lganggé ﬁ@&ﬁpfeglgggﬂhy;o%ﬂ{eﬁc at a

rotation spegds QF tﬁe ?ofﬂi’(m BY b REatkS C RBbdMt IR as’ e (Pégs@e BPixﬁb%%i&PSPd of

2.5 rpmis 3.5to , and a cured product ‘obtal ned by heating the paste
has a tensi |lseniieshduésorodlethehtd mczeaﬁse%aaing%gbrti&) hédvipgd emaBecaidacd i n

(1), wherein the particle size distribution of the silver powder is:
particl es snairégriredhandA9tle xsmit, &.i8 requitred thMahthe codting.cdp. ba coddieted. Com 8
to 12% by weight, 24 to 28% by weight 20 tqQ 24% by weight 9 to 13% by wei ght
5 by using a smaller nozzle. For example, when the coating is conductedy

using a conventional electrically conductive paste, nozzles having a

diameter of 0.3 mm or greater can be used but nozzles having a diameter

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 also for coating by a nozzle having a great 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



4.0to 7.0 pm10 to 14/ by weight7.0 to 10 pm9 to 13% by wei ght10 to 15
Vim2 to 6/ by weightl5 to 20 Vim1 to 4% by wei ght20 pmor 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,
acryl ate conmpounds havi ng an unsat urated doubl e bond and net hacryl ate
conpounds havi ng an unsaturated double bond (4) A paste described in (1),
wherein an anount of chloride ions extracted fromthe cured product with
pure wat er athel 2Bctriademd Xhsrkph dovdudtividies sayes igguffigient tedsthasrtite g of
the cured product (5) A paste described in (1), wherein a gel ti of the
t her noset t | nkpstdanee 3 the mendifigy thal gnseiteh 18 Hyit; @} 1BfKgapey when the

sem conduct or ratus ane usi an_el ectrical | ¥, conductj,ve paste
doscr | bed | rPROAEbiretiPet 1P affts mBRlir o e e piindf B S ° P
EMBODI NENTS ﬁiﬁbx‘?gﬁar 'tl‘féaléJrXssQl?@ddéSRélv fedtdot %ozé'ciieeco%'ii% e%d'%va%g{g on Is
an electrically conductivée paste conprising (. silver powder and (B) a

t her moset ti nglth&sdH satibfBctRPrefiltOtan b cthited wedeethd Mitilecqaaktieni S 80%
by wei ght or nore. The particle size distribution of the silver powder

nmeasur ed by Hnsdpgizedthest that abeaesdrawigpcks peg overtemsi zbn dapsandsbh Ratamt by
| aser diffraction has_one peak between 0.5 to 2 um and anot her peak between

2 to 10 Vi mAnrplcation bgid Ppen Nee2Q¥k223634 ubendipg mathed: ysiag\a geldhet er i s
35 to 135 Pas at 25 a, rqtation eed o .5 and 10 to. 6 30 Pas at
35C ot ar ot BuPBriesgegaedt Tavryan 1 Metherit idvaBEageuE TE9matA i ng
the viscosit ol 2159 ?E q rotation speed of 0.5 rpmby the viscosity at 25C
at arotatio 388%&8 s rpmis 3.5 to 4.5. The cured product obtai ned by
heating the paste has a tensile nodulus of 0.1 to 2.5 GPa at 25C. Wen the

content of the silver paste in the electrically conductive paste is |ess

than 80% by wei ght, there iSUMMARYSOFUTHEIWNVHNTION: thermal conductivity
and the electric conductivity decrease. The silver powder used in the
present inventi orfapresentporventibe iy andolyeet bfitprovidinm sur ekectrjcadly
apparatus for nmeasuring a particle size distribution by laser diffraction
havi ng one preadusByoedfste swhacly hasarfdermal handpeelretsia weanduetivifiesn Vi m

Since the particle sjze distribution of the silver, powder, has one peak
between 0. 5 SRPPXERALENG (roehEe- fEakhdRe: RBEINIEn oV riitien CBRBRS | Bng

di spensing p . (o] e . A ricaly ductive
paste has a ‘é‘%ﬁ? gt?]%/s gﬁa‘%’ﬁg hggl%]\%%irlb%%vﬁgé QBW%B&?‘B@M\%%% £ £ g‘?‘dﬁ%f: gé.m“The. .

el ectricall Yco_%ﬁ'fig%ﬁid WeatiAs! &Hibils RecARRY Wk kaBilltg! if &Eatﬂfét andichh pet ability
wi t hout clogging or fluid overflow using dispensefs having nozzles having a
w de range odpplicdmbyensing tndzslepr Bheimgblae willat rdrdpe pfadiabeitesernnd 2 to 2
p.mis sharp and the peak between 2 to 10 pmis broad in the particle size
di st ri but i onsenpiconductor deyice prepaied by weing the pasdk. between 0.5 to 2 p,mis

hi gher than the peak between 2 to 10 um It s preferable that the particle
si ze distributiorffdfthe Fesult|afdhepexigriivesindies hhe presant myertarith i s:

. 0 :
particles s n&c!hlig\;e tth%aa%oglé %bﬁar&, i§ wta(s) fc}lgn{i H}Iat\,l\@vhgpltan 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, viscosities 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 heating the paste had a



0.5t0 1.0 Vim 24 to 28% by weight 7 | . &x02.0~-m 2.Q04.0~-m 4. o7.0Cpm
7.0 to 10 Vim 10 to 15 Vim 15 to 20 pm 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 1 to 4% by weight 0 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 stabl e dispensing property can be obtai ned. The

paste can bdengis medulys ofihd teo2AH &FPa dhgi pesterlaad dhowumgl and ¢leetwicz| e
havi ng an inner dianmeter of 0. 0 a very large_nozzle having. i nner

i amoter of COAHIRUBRS RTORRAtENb LT 1B 9% iten of i o llesa ehewra dittlec ont ant
of the silve r of 80% Loht ;0 Th easo he excel |l ent
i spens: ng. SPoley 5 wehertied Bdr nClenPhR e Fod 2°ARH BlbR X e
above parti GhfesicF&idcloolinkRid Rhtiny, URBhitedl HRBUELERbrkdbilitySint &Rt €d t hat
particles of the silver powder forma closest packing structure and, at the
sanme tinme, amnd énilédnecapplied &€ 06dtig bf ddigg aloagles ilaliny acwitdupirigecofpaste i s
suppressed. In the electrically conductive paste of the present invention,
t he t her noseliamptersesilhei present paventioh ahds bepni ¢camapleted ibased efmethisl e t hat
the thernposetting. resin is at |east one resin selected from epoxy resins
whi ch are | iknomdedge.25C, acryl ate conpounds having an unsat urated doubl e

bond and/ or nethgagryl at e .conpounds havi ng an unsaturated doubl e bond.
Exanpl es of the g&‘ﬁ)&fe?eergilﬁqgggﬂnipﬁo‘flﬁ‘és'pr esent invention include

pol ygl yci dylyet Rer e . i I : . S phenol 8
novol ak or é})(easgﬁ ﬁlgggf%lwlw&@ﬁecplggmdg r@% k%?? rﬁcsﬂgérf%)ﬁa@c&g%g%ovg%eﬁpounds
such as but 3RAU(E)! a Yhelni6letithe ToBR! W RFARARA: O tHeOkivbr Podkiedhh et her
het er ocycl i ¢ epoxy conpounds such as diglycidyl hidantoin; and alicyclic
epoxy conpoyhdpasticis 809 by Meightcdromnors Repaitield siee diliteipatiopefitheidva di oxi de
and alicyclic diepoxy adi pate. The epoxy resin nay be used singly or in
conbi nat i on pofvdeno nasnped . by\narpepparasisndomimeasirdng ohi parficle56izean be
used as the epoxy resjin which is liquid at 25C when such_an epoxy resin is
mi xed with AStritien Bglaserrdifiragtion hasqens peak thedween A5 tesd pmyasd in the

toi ti i t i I lim.ted., Ex I f t i t
PreSone oo SRR SRR B 6 bl LR RL SRSl B 0"
dod . ‘ . i de i . . . : : € b .
aci d_di hyar JEPGEiBKEEILES o 1S8R U SR B R o A s e n
bi sphenol  A10bHYRASlat B5°Oiat R ioPspb&l 6PIBLIB, A @RIt oblained by
t et ramet hyl bi sphenol F, tetramethyl bi sphenol S, di hydroxydi phenyl et her,

di hydr oxyberiadhentheeyiseaitgchtdse Cragsorotatioh spésdofys rporisy tHe vibeitly,
t et ranet hyl bi phenol , et hyl i denebi sphenol ,

met hyl et hyl a8l b8 af( avotationpaesed of 3pcimands 3.5 derfebhiansharmred maodwttohydri c
phenol s such _as phenaol, cresol and | enol wth formal dehyde i a dilute
aqueous sol GP&BH‘Q# ﬁ’yt tng P?St&cﬁ%ﬁ 8 t@Bﬁm F}QSW?%%\P* g'lc%’ngén(gg?é’st of
nmonohydri c %ﬁgﬂols wi th pol yfunctional al dehydes such as acrol ein and

gl yoxal in the acidic

(2) A paste described in (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
1.0 to 2.0 pm: 20 to 24% by weight
2.0 to 4.0 pm: 9 to 13% by weight



.condition early condensates of pol yhydric phenols such as catechol,
resorci nol and hydroqui none with fornmal dehyde in the acidic condition

i m dazol es such as 2-nethyli m dazol e, 2-ethylim dazole, 2phenylim dazol e,
2- phenyl - 4- net hyl i m dazol e, 2-phenyl - 4- net hyl - 5Shydr oxynet hyl i m dazol e,

2- phenyl - 4, 5-di hydr oxynet hyl i m dazole and 2 9 undecyl i m dazol e; and
2,4-di am no-6-{2-nmet hyl i m dazol e-(1)}-ethyl-striazines which are obtained
by adding triazine and isocyanuric acid to the im dazoles to provide
storage stability and additi chOpe @duems of i sddytankd% byaciight o t hese
conpounds. The curing agent may be used singly or in conbination of two or
nore. The acryl ate conmpound ha¥iteglGmminsat ur add@ BstbY avedghld and t he

met hacryl ate conpound havi ng u t urated doufl.e d which are used in
the present invention are not atr(’?]i%‘ﬁ'lﬁ'i“érly li mi etﬂ.éa/gg?ﬂfﬂl@%t of the
conpound i nclude alicyclic estgr et h) acrylhi ! i.phatic esters
of (meth)acrylic acid, aromatilg tZ?s e*ruél of (et h)légr%?)g%egé esters of

al i phatic dicarboxylic aci dgygRth(1gBsdR acryl i ¢ @gd doandwesinef s of aromatic
di carboxylic acids and (neth)acrylic acid. A radical polymerization
initiator for(3)he\ pastglddseribednie (N wirreingttenthensatettiaigerbsitoisheldagnd and
the met hacryl ate conpound having an unsaturated doubl e bond which are used
in the preseore rasiansedlested Sromtensayt resinsawibjch ane tlamid Bta2PCe acoylatdhe

radi cal polynerizatjon initiator include thyl ethyl ketone peroxide,

met hyl cycl oh%ﬂ%‘ﬁé‘ispgb%‘ﬂpﬂe,annéf’}%w%%@ gﬁe{%@e%ﬁe oﬁ%,maﬂacwéé%t one
peroxide, 1,1-bis(t t vl peroxy) -3, .3 -1y iyetdhyl cycl ohexane,

1, 1-bis(t- he%WB%‘g% a‘)éyglagh%'é%ﬁ'é?atfgJ‘.i%Bf’ge(}?qWéxyl per oxy) -3, 3,
5-trinmethyl Cgﬁl O&Eé%%es&riﬂ:é@h?(f)bwm* RraR¥ch6%fit HBGAGe ions extracted
2,2-bis(4,4-di-t-Dbutyl peroxycycl ohexyl) propane,

1, 1-bis(t- buﬁbhpeh@%ﬁl-&i/?hr@dimeﬁﬁﬁepufk Materlad 12000 SUiddRUL 13 RPRORKY)S

val erate, 2,2-bis(t-butyl peroxy)butane,

1, 1- bi s(t - buhyheas GO\eg Gnesdhpery @ afftha @nsed prddutsl hydr oper oxi de,

p- ment hane hédr gfer oxide, 1,3,3-tetranethyl butyl hydroperoxide, t-hexyl
hydr oper oxi d&) dh pestel deseribsd s (1)pwherkine galitime of thesthermesetting xesin) hexane,
a,a' -bis(t 10 )t yl per oxy) di i sopropyl henzene, t-butyl cunyl peroxide,

di -t-butyl pat 3)7(&3%% Eg) %icapﬁ)ir%?hgh‘fri‘?%ﬁﬂﬁs( t - but yl per oxy) hexyne- 3,

i sobutyryl pgroxigde, 3 tri et hyl hexanoyl pe | de,. oct angyl xi de,

| aur oyl per og)de,ﬁc%er{ﬂigﬁgg}wtﬁ%r%Qg%r@, u%}ﬁ% ﬁlg‘ff{ ergﬁlflge?%ngezcgg?h%’ér oxi de,
di i sopropyl psi@EdhS3ERCALEbeRiS afviondWrd kphexyl ) peroxydi carbonate)
di - 3nmet hoxybut yﬁfépler g)xy%iocar goﬁat e, di -nZ- e%(h)f/t?bﬁe);yl per oxydi car bonat e,

di sec-butyl peroxydi carbonate, di(3-nethyl-3-nethoxybutyl)

per oxydi car bonate, a, a'-bi s(neodecanoyl peroxy)dii sopropyl benzene, cunyl

per oxyneodecanoat e DESCRIBTIGNtQ@F (T&he PREBURREL EMBROIEMENT S0t €,

lcycl ohexyl - 1- net hyl et hyl  per oxyneodecanoat e, t-hexyl ger oxyneodecanoat e,
t-butyl peroxyneoBbe flemdtically -qoadyrtipe masigiof dhgt Brésenp jnyentien dx\ai val at e,
2, 5-dinethyl-2 .5-bis(2:ethyl hexanoyl per oxy)hexane, 1,1, 3,

3-tetranet hy?]ﬁﬁttrmaugef:wcﬂ‘)ét H?Ftﬁ’eféﬁ N h fggﬁpv(?ﬁeil?/wdﬂl r?é’lthLt‘hyl

per oxy- 2et hy - he - 2-.et . - A 0

per oxy- 2et hyh%g@%ggcirgg, rp{s-l %’u@*e g‘%ﬁ%% Pg% eu{%lregg))é%?éﬁit };}% pgéﬁ%& ;§ r?e{ eic

aci d, tbut vl bpayaht dundbfe. UPIRMpYLAETEXY dibtribatiohl SPHI LGS peRHEr

t but yl per oxyi'sopr opyl nonocarbonate, t-butyl peroxy-2-ethyl hexy

monocar bonat seagurdd- By i Aypardtud{hi sldactziog! D phetivihaxadestribubiohyby

per oxyacetate, t-hexyl peroxybenzoate, t-butyl peroxy-mtoluoyl benzoate,
t-butyl per olapbetiffeacsionbha¢ toneupsdlp detwedn i0sp pht hginatand wanbtheyl pealoxyal |yl
nonocar bonate and 3,3',4,4'-tetra(t xycar bonyl ) benzophenone. The

- but yl
radi cal pol yheteeat ? o Lo aflhe Y#ﬁ?osgfé’yﬁfgégﬁoﬁﬂﬁﬁlly%ﬁurﬁﬁ bsomBi BidyPon of
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preferably 50 to 110 Pas at 25C at a rotation speed of 0.5 rpmand 10 to



A1 .30 Pas and preferably 15 to 25 Pas at 25C at a rotation speed of 2.5
rpmand a 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 rpm of
3.5 to 4.5 and preferably 3.6 to 4.2. Wien the viscosity nmeasured at 25C at
the rotation speed of 0.5 rpmis smaller than 10 Pas or exceeds 30 Pas,
there is the possibility that workability of the electrically conductive
paste in coating beconmes poor. Wen the quotient obtained by dividing the
vi scosity nmSfsRa-edt 26°Q%C aatotatien spresk ¢{hS spmcrhdthedq@otiquh dbpairied byi scosity
nmeasured at 25C. at the rotation eed of pmis smaller than 3.5 or

excgeds 4. 5,d1Y‘I4é‘P%thesVHSFFéS1¥¥0%tS$%’ "}tt%/r"ctﬂ%if%ﬁgbﬁr’%‘kﬁ(?-fﬂmgry P}Ff'eViéF‘@ﬁttYri cal ljy

. . . g
o oduct oot At Aadbiiidn SRERTPE 2R b v s A3RHE: TR bl el Torel o
modul us at %ﬁ&iﬁ%ﬁgugtlhé&iﬁg %hgfﬁs %é’f?[t&%ﬁﬁid%%%&ﬁ lP2% @ngaﬂi hZhe

condition of the Ing 1s n parti cul ar mted. For exanp

el ectrical | wsegnducti ve paste can be cured by keeping at 170C for 30

m nutes. Wien the tensile nodulus at 25Cis 0.1 to 2.5 GPa, the excellent
properties can bd&Vhemn thaicoatknu dfhthetsiiver mpaste 0i ¢hy elpetricaldy candwatie f or
exanpl e, under a high tenperature and a high humdity or under cyclic

cool i ng and pasta isnlgss Vi 8PMeby wieighte thare s Gbe ipossihiity dhat Wag thermadpa, t he
adhesi ve strength,decreg Iels nd.there is.th ossibility that cleavage of
t he bondi ng cPRARGEEHLY 2R 3 B [BFCErIE, UCHIVItY QPCI§ase. exanpl e, under a hi gh

d hi hum di . d l.i | i d h i dth
thermal and ol ectPReTlanaautiet Voflin HeRt infriio nad (AR SrRithstth de”
exceeds 2.5 ibutiey ‘inéa%utr?(ﬁ RS ngélta)(:ué gt daggmhgf% tfa;e e bondi ng

portion takes place due to e ‘stress generate rong cyclic cooling
and 12 hegistiibutioh by ash Afffdctidhl HaviRE dHE pedR Hedwbén Of5 112 Lk amant
invention) it is preferable that the anount of chloride ions extracted with
pure wat er amofldiGeakdbetvdbd XPa 10qm5 Hmee thie parliclegsize didtedbmtmndof
preferably 20 ~g or less per 1 g of the cured product. VWen the anmpunt of

t he extr act éHe @hlver ingavdesnkasepe dgak 3@twgendrd o ¢m and auether meeluct

there is th ossipility that netal s .at the surface of the, gem conductor
el eront _ar o PEBYPOHA0 AU 1 %’HiehPPE/d’&Pe'EﬂBgQé?ﬁ’%a%PSFXB i6d et es. 1t

is preferabl g that th tng reskn used.in t nesent knvention
has a gel Fivﬁ}aena@ele)ﬁér%cp ﬁ%@g gglté‘%hv %Sr%g gl ﬁ(sjgtcgp.te%g Eﬁ? %lelséreﬁ)o‘ﬁll%&gf t he
ther noset ti ggof 55 iwkight dr HorkS #he SEEBAEAIPEoritlIREHE pastd'Bak bRGPplfed! | Y
conductive paste’is rapidly curable. Therefore, 1 n-I'tne curing such as the
hot pl ate cusifopmasn does &bl uthisititaRditho@dulopiitg ¥r dhiid beverfloweasiag. \Were
necessary, the electrically conductive paste of the present invention may
further condispeasexidibavins mzelesabavinganewidriplangg ofyeliameterst adbtis
coupling agents, pigments, dyes, defoanm ng agents, surfactant:s and

sol vents. TREelsFaklesthatothe, peakichatyeend)-aitocEr imaly phasmand the neakte of

t he present

' tion j t i ly,limted,. F th
component o SOV poe 1 uPOis PRiat i paisld B cigitiiohnd ta Mo | <

df ' ] ' [l ] li ke.
e’ resul { abteRatB iRk EE, B Yefudthl 1% o 0 Pighdl: §in Bhe oK 00 ng

a sem condupbfifede?it6aoyshng the electrically conductive paste of the
present invention, a conventional process can be used. For exanple, after a
prescribed porti dn iofprefdrablt fthatehe spaliticpe e diddirdationt bf tthe elwatrical ly

conductive paste using a 13 )
powder used 1n the present invention is:

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



comerci al die bonder, a chip is nounted and the paste is cured by heating
on a hot plate. Then, the wire bonding is conducted and the sem conduct or
device is produced in accordance with the transfer nol ding using an epoxy
resin. To summari ze the advantages of the present invention, the

el ectrically conductive paste of the present invention has thermal and

el ectric conductivities approxinmately the sane as those of solder, shows
little change in properties under a high tenperature and a high hunldlty or
under cyclic cooling and heatl.Bdo 2kpmbi t s exc tosdt% hwrwkeibht ity in coating
and can be applied by using nozzles having a w de ran%e of, dianeters. The
seni conduct or devi ces prepar etV 594J§Pﬁb t he eIé%?%F%élV?mﬂéhHuctlve past e

of the present invention has |l ent reliabil and .c be produced
at a | ow cost. EXAMPLES The p‘?@égﬁ%?ﬂ\?enti on ]&%b Ii‘i?/&baé'%?dg ed nore
specifically with reference tg Pﬁls in thegf&” QNGIFQ wever) the

e €

present invention is not |im ted to exanpl es s and

Conpar ative Exanples, the nmeasyy@ELum:and the Qvt@lmby(mﬁ Mer e conduct ed
in accordance with the foll owi ng nethods. (1) Particle size distribution of

silver powder The particle siZkb @21 pmbution of ldol4?ebypeeight was neasured
by using an apparatus for neasuri ng the particle size distribution by |aser
diffraction. (2) Viscosity %Em@ gy was nmedisuR¥cbbyeighitng an E—type

Yﬁcoqﬁteeauo@wé}ﬁ}n%%ﬁﬁ%%r B haning thiaboye shRHls sire Aeirittinw. 00  pm by
TR ey SR AR
met hod of JapgheRetdiddiyStdddlctivt Paded Halidg0d 4tdble 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 electrically
conductive paste has a content of the silver powder of 80% by weight or
more. The reason why 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
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



.(4) Adhesive strength A silicon chip of 2 X 2 nmmwas nounted on a copper
frame using an electrically conductive paste and the resultant conbi nation
was cured in an oven at 1?0C for 30 mnutes. After the curing) the die
shear strength was neasured at 25C and 250C using an apparatus for
measuring the nmounting strength. (5) Tensile nodulus A Teflon sheet was
coated with an electrically conductive paste and a coating | ayer having a
w dth of 10 nm_a length of 150 nm and a thickness of 100 p. m was prepared.
After the co@vplk orgresolmayoledrwihiepiciiornhydriay alipbatie epogocampentets, t he
stress-strain curve was,obtai.ne t he nmpasurenent. Wih a test |ength of
700 mm at | afch rostABRdeD ARV Gy E Vit eonrnL st e fE R rodul us
was cal cul at r t j it 0 of _t . . - tracted
chl oride i o#%g‘ij%gﬁco%?oﬁe%% %édg’ogfcehdg%({iglyg}#y \éﬁ%‘(i: %&@W@%&%ﬁ%ﬁl ve
paste. Aftelphle CRatddiflls! sX& WeFitHEFdohdkedd AMRMAL dibf86péiadRem Nut es,
the cured resin was pulverized into fine powder by a vibration mll. From
t he obt ai nedlié:tide apdvalizfclid diepexy adipate.eSThe ephguiesth thagf beansadgihglywas
taken and accurately weighed. To the sanple, 20 m of pure water was added
15 and t herdamphdination pktwedr byorehe Asxepaxot YesinsawhichOig solideat 26f€ kPa f or
5 hours and the liquid Qbtained by the extraction was filtered. The anount
of chl ori de SABR¢ yies arche ppedy rasiparbichdn dawd ah 26He wihsr LIhARaeRAFYaphy and

converted inta the anaung P’ r 1 g of the cured product. (7) Thernal
conduct i vi t FERR I8P Walh 51%‘8?‘ i ve paste was cured and a sanpl e havi ng

S ckness o et TGS FASBUSE, I8 ORI BRI,
accordance ot patrficuladlySlimiteds hEsRid6E of [t ddidhgagetOndlidel cArbyx RS
obtained fromthe obtained result in conbination wth the values of the
speci fi ¢ healkcidandihyeazxddersisugh @8) ad¥plicinacidedilsgdraridg, dodecanoic acid
dihydrazide, isophthalic acid dihydrazide and p-oxybenzoic acid
dihydrazide; dicyandiamide; phenol novolak resins obtained by reacting
bisphenol A, bisphenol F, bisphenol S, tetramethylbisphenol A,
tetramethylbisphenol F, tetramethylbisphenol S, dihydroxydiphenyl ether,
dihydroxybenzophenone, catechol, resorcinol, hydroquinone, biphenol,
tetramethylbiphenol, ethylidenebisphenol, methylethylidenebis(methyl)-
phenol, cyclohexylidenebisphenol and monohydric phenols such as phenol,
cresol and xylenol with formaldehyde in a dilute aqueous solution in the
strongly acidi;: condition; early condensates of monohydric 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-phenyl-4,5-dihydroxymethylimidazole and 2-



A cured sanple of an electrically conductive paste having a thickness of
about 40 pmand a width of 4 nmwas prepared. The resistance was neasured
at positions placed at 40 mmintervals by a tester and the vol une
resistivity was obtained fromthe sectional area of the sanple. (9)
Reliability in a humd condition A sinulated el ement prepared by di sposing
alumnumw ring on the surface of a silicon chip was nounted on a | ead
frame of a 16 pin dual inline package (DI P) using an electrically

conduct i ve pasdecylimidaheledbt andted 2pbdizinmao iR weshylimedhzote-Ei}-ethyirsat  170C
for 30 mnutes. The cured product was_ treated by the gold w re_bonding. The
resul tant pr bdedneswdicly arg dfapiedithicaddingdriapineingl isgexaurie and spthe

| di f t d by SUM T K JE Co., Ltd. EME6600CS t
e 1 O ETen 1 DR S Stapad Babi gy B pIriLion Reodiiots pTispBY ALY 51 e ]
k i t t d 253
Ppa Foc 260 RdH & URtke b BRRILCS SeCebBE Blecht SAAPAR uBld iy T8 Gange

i N resistancgbativhadfedoransit prepared by di sposing al um num wiring on
the surface of a silicon chip was nounted on a lead frame of a 16 pin dual

i nline package (LR ausilag emelvect idviag lay woatducited dopblkt londAdridtha
circuit was forned with an electrically conductive paste between bondi ng
pads, the obmethedyldatiomndumd havinguarduinsaturated couble bpod whbichsareri nut es.

After the transfer | di ng and the post curing were conducted in acgordance
with the san’és%i ghip PEeSeRE TRHEREOT GRelBeE SaTHTIARY ltl’é'é"teﬂof AEnles phbi ity
ina humd cgndition he,initial..resist e t ast e;.was,. neasured. The
Fosi st ance WA Saind PRI Bt 835k fGerPadalfi AR SpRRTRARH, g

t hen, heatin r ] r - L LRmBS. ange in
resi stance wgfs%@ignaé}g&f Fgrﬁﬁ’t ﬂgﬁ&?ce‘gﬁfe?;&?ﬁ%ﬁ%as er?si%\?\ig’ pers-tcl)gp}gr?e Usi ng

nozzl es havi aBpkati¢ ditRrbekydicticeds @hd Gmbthaciicdadid eaRllédtéRtoffakopimid C
di spenser, 1,000 dots were forned and the nunber of dots formed w thout

cl oggi ng of dicarhuyhik esidsemndconethdatrylitecidarti cl e size distributions and
the positions of the peaks in the distribution of powders used in Exanples
and Conpar ative Exaapicelpalymesizafion; initiater forjtheigerylate 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 acetoactate 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 hydroperoxide, t-hexyl hydroperoxide, dicumyl
peroxide, 2,5-dimethyl-2,5-bis(t-butylperoxy)hexane, a,o’-bis(t-

10



.Table 1 Range of particle size al Silver powder (% by weight) a2 a3 a4
absmal |l er than 0.5 Nni0.511.79.010.712.70.5 to 1.0

unR5. 826. 426. 627. 230.21.0 to 2.0

pnR22. 322. 120. 823. 222. 62. @ 04. Opml0. 79. 511. 812. 610. 24. & 07. Cpnil2. 111. 712. 612
.19.27.0to 10nl0. 811. 810. 311. 39. 110t 015um4. 25. 15. 72. 92. 615 to 20

pn2. 81.53. 102. 220 pm or | arger0.80.20.101.2 Position of peak (pm sharp 0.7
1.1 0.6 1.3 1.4 broad 5.2 8.6 5.3 none none Exanple 1 An epoxy resin of the
bi sphenol Fbuyylpexaxiyediidopropslbsnzeneobutrbernyl pérexileodist-bytyerexide, 170] in
an anount of 18.2 parts by weight, 9.8 parts by weight of t-butyl phenyl

gl yci dyl et Réydimp Y@iizs%gbsi(ft'?‘ltymoﬁﬁil%l’f,le'@z oisghnkyzyhpegexisies év i sphenol

F, 0.3 ts.b i ght of, di ndi i d 0.7 ts. b i ght
AR AR 1727 1 R gt o TR 5 B g 20 T

| t ant L 1 i 1 S .al d d
o od for eltindifoy1 tEGARE, S polENIBbr q ! bBlo PHKISLIGE dBRHaHAC A"

def oamed i nparokgditarbémessberbiv@eebuifdycRihek9l) 3Perixpuicasbaiitean di-3-
el ectrically conductive paste was obtai ned. 18 The obtained electrically

conduct i ve pethexytadyh perexyabcdrponhtesAdiPasthydlusuyl egbrakydibartrostast,i div speed
of 0.5 rpm a viscosity of 15 Pas neasured at the rotation speed of 15 and
a thixo i ndescbutyd. 6 perpeydijearbonate, at ditBoethid-HmetheubusyD Theeaeresi ve
strength of _a chip was 39 or. greater at 25C.and 14.7 N at 250C. The
tensile modfigEbegates 7 epabistddernavirarraditoriondRmeene-de 9 as 8 ~g

per 1901 DIRSHE SR 1T LB GRSttt TG, 1T,
L0 | oL PR R SR Ol 08 o RIS 1%
Exanpl e 2 t gbltylper6gpicbdacsnotits t-hdig] paroxypivadaRut-Batdperbpgavarpsiucted in
2,5-dimethyl-2,5-bis(2-ethylhexanoylperoxy)hexane, 1,1,3,3-tetramethyl-
butyl peroxy-2-ethylhexanoate, 1-cyclohexyl-1-methylethyl peroxy-2-
ethylhexanoate, t-hexyl peroxy-2-ethylhexanoate, t-butyl peroxy-2-
ethylhexanoate, t-butyl peroxyisobutyrate, t-butyl peroxymaleic acid, t-
butyl peroxylaurate, 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, t-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 Pa-s 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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.Exanmpl e 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 same procedures as those conducted in Exanple 1 except
that silver powder a5 was used in place of silver powder al, an

el ectrically conductive paste was prepared and eval uated. The obtai ned
electrically conductive paste had a viscosity of 118 Pas neasured at the
rotation speed of 0.5 rp a viscosity of 32 Pas neasured at the rotation
speed of 2. 539 Farsagrd aretfm%béy |1ﬁde>25o?a 8 ay 259G at gaotation spge 1#64:5\;:951 55
seconds. The adhesive str s .39 r »C and
15.7 N at 256'65ij aTHB°'E‘%’h%P$Q‘9 ??Vu‘g‘ ﬁ&gzt l\é?'h%t TR DEOEHYL ol ed
chl ori de ion Was g, ty el e

conduct i vi £y hag of G5 Pl ety Sistholy e ?‘és“?é Kops RGBS P
def ects wer egaungds Ia&adtﬂa@fetrsmty 336 tb B, elvhaRithé VischdltPnitiaBhrbdconghisd on. The
change in resistance was 1.3% In the test of the dispensing property, 700
dots coul d bst flor rotdtivn shead ofc0.5 ggins smalbyy thaOll) Bitereikeekdd@0 Pasmat i ons.
Conparative Example 2 to 7 In accordance with the same procedures as those

conduct ed i nttexeiptie nossthility that worksbilityi ofiibe elestirically quuslustive pasteypes of

electricall conductive pastes we m ned .and eval u
ym coatlilng beconF;es poor. \I;V%e %e quotient o taz%ne(fl tl)y 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
GPa 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. When 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 a
high temperature and a high humidity or under cyclic cooling and heating.
When the tensile modulus is smaller than 0.1 GPa, the adhesive strength
decreases and there is the possibility that cleavage 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
electric conductivities decrease. When the tensile modulus exceeds 2.5
GPa, there is the possibility that slow cleavage of the bonding portion

takes place due to the stress generated during the cyclic cooling and

12



The formul ations of the conpositions in Exanples 1 to 8 are shown in Table
2 and the results of evaluation of these conpositions are shown in Table 3.
The formul ati ons of the conpositions in Conparative Exanples 1 to 7 axe
shown in Table 4 and the results of evaluation of these conpositions are
shown in Table 5. 20 Tabl e 2 Exanpl e12345678For nul ati on of
conposition(part by weight)epoxy resin of BPF typel8.218.218.218.2---.

1. 8epoxy resin of BPA type-------- t - BuPhGE9. 85. 08. 89. 8- -- 1. Obi sphenol

F1.04. 81. 01heating. 1di cyandi ami de0. 30. 40. 3. 0. 3--- 0. 032P4MHZ0. 7~0. 80. 70. 7---0
. 07BAC-45----8.47.48. 46. 9E- 1800-- 1. 0-8. 47. 48. 46, 9Lauryl ) o

acryl at e- - - - 12. 61m the =leatyicgBrreopsuctayg pasty gb the pseseadi imyentippwiicis

| 130- - 140140- - 130si wd - 130+ - 140- - s/ |
25 130- - 18GRETTRIR b g Atssine et e e SRyppd Bt pire watss at Top) ¢ 3

Exanple 1 2 ' ( 7 @1%} scosity,
2.5 rpm (Paé}%ggglf?fgfgg&%g&hé ?gu?sngeé(gﬁgégg%é%ézgﬁ g%@gg 13. @@ﬁr tinme

( second) 50555506 132 QFOhdhesdedep diefl 0t When the amount of the extracted

(N chi p) 25C>39>39>39>39>39>39>39>39250C14. 713. 520. 316. 713. 713. 316. 216. 6Tens
i | e nmodul us chlePadelionk. &dcegds 5O. 8. 1&T. 0 sfrthandurefl Eroduattd@re is the

chl ori de81257107811i ons (8g) Thermal conductivity

(W m-C) 3. 63passibilitgsthag matads ag\the srizces ok the, isepigoppluctgrielemesd ate 6 X8. 6

X1.0 X2.2 X8.0 X2.6 X10-410-510-410-510-410-410-510-4Fraction defective in

reliabili tyﬁ%@é%@?@§?ll?6;‘?‘ﬁﬁﬁ? thesanaiconducter flesexigatasn resi st ance

(/)2.11. 81, 00. 50,81, 21.70.,4Di spensi ) . .
proper t y10001000!50(‘)?05.’6%%&*{)@61%‘6(8%368‘%@l‘.")’65‘°§“‘ftlng 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 conductive 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 for producing a semiconductor device using the
electrically conductive paste of the present invention, a conventional
process can be used. For example, after a prescribed portion of a lead

frame is dispense coated with the electrically conductive paste using a
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.Table 4 Conparative Exanple 1 2 3 4 5 6 7 Fornulation of conposition(part
by wei ght)epoxy resin of BPF typel8.2-18.218. 2---epoxy resin of BPA
type-18.2----- t - BuPhGE9. 89. 89. 89. 8bi sphenol

F1.01. 01. 01. O-- - di cyandi am de0. 30. 30. 30. 3- - - 2P4MHZ0. 70. 70. 70. 7- - - BAC- 45- - - -
8.47.48. 4E- 1800----8.47.48. 4Lauryl acrylate----12.614. 612. 6PERHEXA

3M ---0.60. 60. 6sil ver powder al--150-70--silver powder a2------- silver
powder a3------- silver powder a4-130-140---silver powder a5130----140130 23
Tabl e 5 Conpsgpmmsreiatdigmbonder, 2 chipjisgneutedianddbeppstetisTuredby basling
Viscosity, 2.5 rpm (Pag), Thi I nd CGel. time (second) Adhesive strength
(N chi p) 25C°856¢C sﬂiﬂ?' nodléls § aymﬁnﬁ{?ﬁ‘ldg?ﬁ ’éxtcPﬁé‘t“etﬁacﬁF‘E}r it88 i ons

(fig) Thermal_ co dléﬁt'vi (W V resisti Vi 2~C EFraction
defective i _ns?rélll‘lg)ébl hry&%('éstlsﬁgﬁﬂ?ﬁﬁd&gﬁcﬁaﬁﬁnﬁ Vﬂ?}é ¥%§rnagne8@irnmf) g(fépgt ance
(/) Dispensi rﬁg&%&’ﬂ@g&y resin.

1158413381341 791223201 3822856323. 74. 03. 53. 74. 23. 23. 855505051182015 >39 >39

>39 >39 >39 >39 >§9 Lammddizd b SadvhnBagesd of. bhel Ipr@sentl iAvéntio® IhE 0.3
3.2 0.9 12 120 8 10 10 12 8 3.22.84.04.20.23.42.72.4 x2.6 x9.2 x1.3 x2.1
x1l.4 x23 electrically conductive paste of the present invention has thermal and

XA0, 410 410-510; 410 210 410, 50100000001, 37, 55,01 03,22501. 1700800e20450" 268
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 specifically 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 following methods.
(1) Particle size 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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Epoxy resin of BPF type: an epoxy resin of the bisphenol F type the
viscosity: 5,000 nPa~s~ the epoxy equivalent: 170. Epoxy resin of BPA type:
an epoxy resin of the bisphenol A type the viscosity: 6,800 nPa~s~ the
epoxy equivalent: 190. t-BuPhGE t-butyl phenyl glycidyl ether: the
viscosity: 4,000 nPa~s~ a reactive diluent. Bisphenol F: a phenolic curing
agent. dicyandiam de: a latent curing agent. 2P4NMHZ:

2- phenyl - 4- et hyl - 5- hydr oxynet hyl i m_dazal e~ an in dazol e conmpound. BAC-45:
li quid pol ytﬁ%lsﬁﬁér?é éa%‘i Fjatiopgpseds o gto ? Hémcﬁaiq] - e A% nahhe quetierl by

s d. E-1800: pol ified with
o oup manuf SEAREd B RSt Vet peaditod At SO R I e yREedt ity

ester of acr [

1, 1-bis(t- bul%ﬂe{i%le@gxag)z %f‘%ms\’? ri rrez(&h;llwd tglaosﬁggéﬁlexo 1nde¥| uid overflow In
Exanples 1 t@)8Galpaérically conductlve pastes which had the thermal and
el ectric conductivities as excellent as those of solder and exhibited only
smal | changes i n Threg¢lrtipe masemeamaed =t 1096 ihenpardahnoe evidntheambtlghd

hum dity and under cyclic cooling and heating and excellent workability of
coating couldf @@aabﬁ‘almtrlﬂhstﬂﬂﬂafdﬁwqw Bonparative Exanple 1 in which
the vi sc03|t ured at th rotation speed of 2.5 rpm was hi gher, the

di spensi ng p %SW&S }'eﬁ’fgé ior. In Corrparative Exanple 2 in which the
article size dis ' | fo,chloride
P z% ﬁe re Hﬁ%ﬁ@% AR £ %%ﬁht ted olf 4 %pgn mﬁ}eﬁ’

ions was | ower an In a S 1n IOI’ In

Conpar at i ve ﬁé&ﬁ}éhﬁy%ohﬂum&ilaéﬂ% Tﬁ@@Hé Qésaa@énthé&m;mubﬁ%ﬁ

resi stance was hi gher. Mreover oggi ng of nozzles too ue to t he
hi gher Vi scagi byerda¢l1 T0PC fbr FOORSHIGs DT ARRE the Mngnﬂ@rm@rshews&‘@ﬂ@w ative
Example ~ in which the particle size distribution of silver powder a4 had a
singl e peak wamnmsasubal di 2Hedsiny 2p0Ypesing amsippateusdior nhensGomeathet i ve
Exanple 5 in which the content of the silver powder in the paste was
smal | er, thenQRBEBEiStEPNgH: | oner and the paste overflowed dropwi se out of

t he nozzle di.s n In Conparative Exanple 6 in which the cured
product of '?#?59 Sg ﬁﬁgﬁg %I gher nodul us, the resistance was markedly

hi gher . Mo eover ﬁ?ﬁofégﬁ%&%%éf GBS, RS0l SREOSI B OB LV v

mar kedly inferior ara Ver

having a si @'c@aﬂﬁgkla}ré‘r ‘h'&%n%arat Wedih of 20 Sins! hi RUELIPRIVED HERCand|a099i N9
of the nozzles took place and the di spensing property was inferior. 25
CLAI M5 1. Arthédlariss io€ dD0Yure ansliptdpated.asAftevithe Bootinp layed Swi purid der
powder and (B) a thernosetting resin, wherein a content of the silver
powder in then 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 calculated 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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paste is 80% by weight or nore, a particle size distribution of the silver
powder neasured by an apparatus for nmeasuring a particle size distribution
by | aser diffraction has one peak between 0.5 to 2 ~m and anot her peak
between 2 to 10 Vim viscosity of the paste neasured by an E type
visconeter is 35 to 135 Pas at 25C at a rotation speed of 0.5 rpmand 10 to
30 Pas at 25C at a rotation speed of 2.5 rpm a quotient obtained by

i scost by arenskRialeSyas Fenfa B o 0% wndss TuPARES, o e
product obt 6}&&3‘%\ aM lﬁ.l%q}(i:lﬂg oﬁﬂﬁn@@%{y%}@_@§tx?c£i§£%¢dseﬁl@8%ﬂ! u'i‘hgfau?ou’lnt.t 0 2.5

GPa at 25C. paste according to aim erein the particle size

di stributi onfQhldrdide finsUeds RRWEEFed i% adéFdaneh QLIS TR I chridathtfz@phym 0.5
to 1.OVIm |I.o02.0Mm 2.0to 4.0Vim 4.007.0-m 7.0 to 10 ~.m 10 to 15

Vim 15 to Zthdkonvezédimto®thd amgant p& 1 @ of2Be byretepwdizic24 t o 28% by wei ght
20 to 24/ by ight 9 to 13% by weight 10 to 14% by weight 9 to 13% by
wei ght 2 t o @Y% Bhewmiayhendudtiyit#os by weight 0 to 2% by weight. 26 3. A

paste according to ai m wherein the thernosetti resin is at |east one
resin sel ected fr‘%‘?’n(géﬁ%'% ]13é§? RERSEs &as) e aé{ng%p g MAvIRg a

compounds: hayk R st 5 GoHPEERRE. e BlRG VS GBS

obtained by using 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 pin 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 epoxy molding

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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4. A paste according to Caim1, wherein an anount of chloride ions
extracted fromthe cured product with pure water at 120C under 213 kPa for
5 hours is 50 ~.g or less per 1 g of the cured product. 5. A paste
according to Claim1l, wherein a gel tine of the thernosetting resin at 170C
is 60 seconds or shorter. 6. A sem conductor apparatus prepared by using an
electrically conductive paste described in any one of Cdaiml to 5. 27
.AA@ . A . AL. Af L. AS. A . A . AS39. S. AH. A A

A A AGA @ é&?'e‘@\% @fﬁ&f@ﬁi’e'gé}i%%ja@afwea? r@%% %&]%Q’{?és ca] ca] ca

A A cal L #HHHNSER) W
% i?} ;:8] ggm%ﬁgg ggg};ﬁ?{ﬁ?]ﬁé@]}ﬁ)u@l,%ﬁlﬁﬂ&m@ SVpS R fetERL W GthGRd: )

@GNGAACCIINQR s nCHaKdd patssadtaats al cal ca) ca] ca] caj ca] cal ca] ca] ca] ca] caj ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca! Q TUXXY[[™ ~_" bcccef uhj

j j n2080@ppq’ q sdssmujlatad aerleht aleyered byalisgdsivgg ahintimjusa jnd eingalncihleca] ca] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! " vovvvEWWWWXIXYY: Z
z{ O {{]]}}} Bhxlane of A plpuaihin|vad owuedsd #nca)lead dedmaof 4 d6)wia] dedlca) ca] ca
]SSKE{/E% )ig]nféalx]llg‘% fp%c@%% Z(%Di@}) g‘gﬂ]igg} é’g} “ﬁg‘}tgg]?ﬁg]l %%Jflgfﬂi@a] R2§tea) eitapca] ca] ca
SVEvoR) xeh aeonoarC APERE AR B ERREMY Siicsive oot Petyesn bapdingea) cal ca
| £51e2] 2 cshge) i bR EHERRALERE UM JOITE Ipd B O
F10%Z&' () - 18patided. ) -AH08¢he dransfer molding and the post curing were conducted

in accordance with the same procedures as those conducted in the test of

the reliability in a 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 number of dots

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

distribution of powders used in Examples and Comparative Examples are

shown in Table 1.
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Table 1
Range of particle size Silver powder (% by weight)
al a2 a3 a4 ab
smaller than 0.5 pm 10.5 11.7 9.0 10.7 12.7
0.5t0 1.0 um 25.8 26.4 26.6 27.2 30.2
1.0t0 2.0 um 22.3 22.1 20.8 23.2 22.6
2.0to 4.0 um 10.7 9.5 11.8 12.6 10.2
4.0t0 7.0 pym 12.1 11.7 12.6 12.1 9.2
7.0 to 10 ym 10.8 11.8 10.3 11.3 9.1
10 to 15 um 4.2 5.1 5.7 2.9 2.6
15 to 20 pm 2.8 1.5 3.1 0 22
20 pml 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 5.3 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 parts 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 __ 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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The obtained electrically conductive paste had a viscosity of 54 Pa-s

measured at the rotation speed of 0.5 rpm, a viscosity of 15 Pa-s measured
at the rotation speed of 15 and a thixo index of 3.6. The gel time at 170°C
was 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 pg per 1 g of the cured product.
The thermal conductivity was 3.6 W/m-°C. The volume resistivity was 1.1
X10-4 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 2 to 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 conductive 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 time at
170°C was 55 seconds. The adhesive strength of a chip was 39 N or
greater at 25°C and 15.7 N at 250°C. The tensile modulus was 2.1 GPa.

The amount of extracted chloride ions was 12 pug per 1 g of the cured
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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 1 to 8 are shown
in Table 2 and the results of evaluation of these compositions are shown in
Table 3. The formulations of the compositions in Comparative Examples
1 to 7 are shown in Table 4 and the results of evaluation of these

compositions are shown in Table 5.
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Table &
Comparative Example 1 2 3 4 5 6 7
Viscosity, 0.5 rpm (Pa-s) 118 84 133 81 34 179 122
Viscosity, 2.5 rpm (Pa-s) 32 21 38 22 8 56 32
Thixo index 37 40 35 37 42 32 38
Gel time (second) 55 50 50 51 18 20 15
Adhesive strength (N/chip)
25°C >39 >39 >39 >39 >39 >39 >39
250°C 157 11.8 108 118 78 59 118
Tensile modulus (GPa) 21 22 26 19 03 32 09
Amount of extracted chloride 12 120 8 10 10 12 8
ions (pg)
Thermal conductivity (W/m-°C) 32 28 40 42 02 34 27
Volume resistivity (Q-cm) 24X 26X 92X 1.3X 21X 14X 23X
1074 1074 105 104 102 10-4 105
Fraction defective in reliability 0 160 o 0 0 0 0
test in humid condition (%)
Change in resistance (%) 13 28 50 10 32 250 1.7
Dispensing property 700 800 620 490 * 28 810

Notes to the Tables:

Epoxy resin of BPF tybei 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 mPa-s; a reactive diluent.

Bisphenol F: a phenolic curing agent.

dicyandiamide: a latent curing agent.

2P4MHZ: 2-phenyl-4-methyl-5-hydroxymethylimidazole; an imidazole compound.

BAC-45° liquid polybutadiene having acrylates at the chain ends; manufactured by
OSAKA YUKI KAGAKU KOGYO Co., Litd.

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

Lauryl acrylate: lauryl ester of acrylic acid.
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* fluid overflow.

In Examples 1 to 8, electrically conductive pastes which had the
thermal and electric conductivities as excellent as those of solder and
exhibited only small changes in the properties under a high temperature
and a high humidity and under cyclic cooling and heating and excellent
workability of coating could be obtained. In contrast, 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 Comparative
Example 2 in which the particle size distribution had a single peak, the
concentration of chloride ions was lower and the reliability 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 & 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 property was markedly inferior.
In Comparative 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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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, 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

1.0 to 2.0 pm: 20 to 24% by weight

2.0 to 4.0 ym: 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 to 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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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 shorter.

6. A semiconductor apparatus prepared by using an electrically

conductive paste described in any one of Claim 1 to 5.
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