DESCRI PTION Titl e of Inventi on CONNECTI NG MATERI AL AND SEM CONDUCTOR
DEVI CE Technical Field 5[0001] The present invention relates to a
connecting material with excellent thermal conductivity and adhesi on,
and to a sem conductor device enploying it. Mre specifically, it
relates to a connecting material suitable for adhesion of

sem conductor elenents such as IC, LSl or light emtting di odes (LED)
onto boards such as |ead frames, 10DES{AREP ©Mg boards, gl ass epoxy
W ring boards d po}, imde wiring boards, as well as a sem conduct or
devi ce enpl oyi ?fgl lgo Y0%und Art [0002] Met hods of bonding
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mat erial for sem conductor packagi ng. Because recent nounti
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acconplished primarily by surface nounting nethods wherein
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[ 0005] Such surface nounting enploys reflow sol dering ereby the
entire board i showrdsem well hs hremiceducayevircmpleyigcikage i s heat ed
to a high tenperature of 200C or above. When noisture is present
during 5 this tBackgmindeArte package, and especially in the adhesive
| ayer, the nvoisture becones gasified and surrounds the di ev\f)ad and

seal i ng mat eri al0002¢dpthiody afnbeding aserminonducton elesndnts fandwlead afrkmps
in the package. K [0006] Such ref]ow cracks significantly reduce the
reliability of (SHBPAUINgeMeyBhers)tdiring \produetian tofusemetnaductere davices
IO O A Lol Leave pand Lher shore ot ng 20ens
Rl udi ng. bondi HETSFIGhEY A APORY goeb ARy mide based reshn to foffn
paste (for example, silver paste), which is used as a bonding agent,
[0003] According to this method, a dispenser or a printer or stamping
machihe is used to coat the paste-like bonding agent on the die 'pad ofa
20 lead frame, and then the semicoﬁductor elernent is subjected to die
bonding and heat cured for bonding to produce a semiconductor device,
[0004] The semiconductor device is mounted by soldering on a circuit
board after the exterior has been sealed with a sealing material for
semiconductor packaging. Because recent mounting requires high
25 density and high efficiency, solder mounting is accomplished primarily

by swface mounting methods wherein the lead frame of a



15[ 0007] Furthernmore, with the increasing speeds and hi gher
integration of sem conductor elenents in recent years, denmand has

al so risen for high heat dissipation properties to ensure the
operating stability of sem conductor devices, in addition to the.
conventional requirenents of reliability including bonding strength.
That is, efforts tp find solutigns 20 to these technical problens
have |ed to densaicosdusiondeticenydisaelly seldsragi tora basd. hi gh bondi ng
strength and a ﬂhﬁﬁﬂ fflClent of t.hermal condﬁgt|V|ty, for use as
bondi ng agent s hn@“ fceh BNging sTTpBlays geflewheoldexing avherebynshy
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particles wth gadiagh coefficient of thernal conductl vity. It has
al so been atten%‘ctled to increase heat conduction and ensure strength
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25Techni_gal Pro{) [ 1] However, in conventional nethods that

i nvol ve IRi gh fi QQ%E(]& esmoyer wihrthe dnescagingtspeeds gnd doghe integyation

t hermal conducti it haseeﬁeen necessary to use ver Iarge anount s

of silver parti%ﬁy feomdgeioy e‘&&f‘@l’@l’é"wcﬁﬂ%’w@f@ agfalgn rlS@asﬁor
rder to ensure thernal conductl vity of
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semiconductor devices, in addition to the conventional requirements of
reliability including bonding strength. That is, efforts to find solutions

20 to these techuical problems have led to demand for connecting materials
with both high bonding strength and a high coefficient of thermal
conductivity, for use as bonding agents for bonding of heat-dissipating
members (lead frameé) and semiconductor elements.

[0008] In addition, one proposed means for achieving higher heat

25 dissipation than conductive adhesives, which utilize contact between

conventional metallic particles, has been the use of conductive



[ 0012] When the silver particle filling weight is increased,
stringiness occurs during dispensing due to increased viscosity,
making it inpossible to guarantee manageability, and when a | arge
anount of solvent is added to hel p guarantee nanageability, problens
can result 10 such as reduced bonding strength due to void
generation or to residual solvent. [0013] Wien a PKG such as a power
I C or LED i s noadhasivesihat pepley metal nendpsdticlhe vétin meangyartielet sires of
point nmetal is used aor fornmptiopn of a heat conduction path by .
metal | i ¢ bondi nBPdAd #ett%ﬂ?fﬁ@h gﬁvwmellm sisteHaB epropertios; orswherein
exposed to 260C in.the reflow furnace, but depending on, its thermal
history the joi Metaldinepaticlss are siterpd gt ﬂ}ﬂ&kﬁ&ﬁ@@@@%ﬁ@@ﬂeﬂww&
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25[0015] It is ore an obj ec € present nventl
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conductivity even Joined at a curing tenperature o
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bondi ng strength even when the cured pr ct has been ate

as wvell 18 a sepathenBychtallievbeRd@eP oM ftbthllize SRArbATL. t 0 (RnARLEGR
[0016] In light of the problens described above, the invention

provi des a connadidsivesreatsoyalg metab hhsopgtiois akd leo h@trg sthéizdhavi ng
an oxygen state ratio of less than 15% as neasured by X-ray
phot oel ect ron sfiftatiomskizpy. This connecting material has a high
coefficient of 10 thermal conductivity even when joined at a curing
tenper ature of Ratdntdliéerathen 200C wit hout application of a |oad, and
has sufficient bonding strength even when the cured product has been
heated at 260C, (M5 O)dPrtené docsment di dapenssedbnpramined! Ratenig Aipplication
[0017] The netallj¢ particles are preferably nmetallic particles that
have 15 IBeen suB}l@é‘ﬁiﬁ@W]ﬁﬂﬁQﬁﬁ'ﬂﬁﬁgﬂf or renoval of the oxide filmon
the surface and_surface treatnent wth a surface, protective naéprLaI.
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Summary of Invention

25 ‘Technical Problem

[0011] However, in conventional methods that involve high filling of



t he conpact obtained by hot nolding is at |east 40 WnK. Such a
connecting material has an excellent viscosity for manageability, and
allows the coefficient of thermal conductivity to be inproved while
mai nt ai ni ng bondi ng strength. [0021] The term "hot nolding" refers to
heat treatnment at 180C for 1 5 hour after nolding to the prescribed
size, and the teym"coefficient of thermal conductivity” is that

measured by t heSlhier iaticles sviflhaghich eorflisicatmifahermalomduniizityo it kar
f th ddi ti C i f bly 1-100 ts b ight with t
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that has a high coe I#méﬁ@o ﬁr?al conductivity even with bonding
t i t 10l : : -\t i Gal | f
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enploying it. Such a connécti rial can be sui as”a

conducti ve conriﬁgsedseggma '@ntee%&%éami@fgggwﬁﬁga ﬂifg? gﬁlg&lhﬂgof

material. Brief scription of Draw

schematic vi ew oflveritial ddded naridls | @farddted nMfgREbiAN, L?;mgﬁa%ﬁ‘i bhst lr&lt
ee

with a small oxide filmon the surtace, that Have surface
treated]0ith a sichf@cedpeed bohdive smineth dhe to Modd génésatian sEhemekidaal
view showi ng the state of the netallic particles shown in Fig. 1,
with the surfac®lymdt ective material detached and the netallic
particles sintered together. Fig. 3 1s a schematic view of

nmetal | ic parti d08331 Whema @@ tsachias appowérclGer BHD i moliategleoron ibdeard
filmon the surface, that have been surface treated with a surface
protective mat dniametimdywhardin adovemeliing point eveigshiswisad fohdomnation of
the nmetallic particles shown in Fig. 3, wth the surface protective
material det ace8edugongucHon athnbyametallip honiingeand matalbizatbom avith the

sintered,.togethey. 10Fi.g, 5 is sch 0tic view of netalljc particles
t hat argsrret al chﬁ"eb%‘filglsemsﬁa tg 3@ 1 hegeelowy Fprnape biadepasdimng
treated for rem)va{ 35 th? surface oxi.de filmand surface treated |,
with a surface $F dtSe&qrnal Risiory Jfhe poigt meay Jndergm dpmeltingi mgking it

showi ng the state of. th tallic particles.shown in Fig. 5 wth the
surface prot ectlwsﬁ’é’ﬂeéfq éﬁa%%ﬁgﬁo%ﬁélﬁéty'

[0014] In methods using metal nanoparticles it is possible to avoid the

problem of remelting of joints, but the cost is increased for production
20 of the nanosize metallic particles, and a large amount of surface
protective material is necessary to obtain dispersion stability for the
metal nanoparticles, and application of a high temperature of at Jeast
200°C or a load becomes necessary for sintering of the metal
nanoparticles,
25 [0015] It is therefore an object of the present invention to provide a

" connecting materjal that has a high coefficient of thermal conductivity



15netallic particles sintered together. Fig. 7 is a schematic
cross-sectional view show ng an exanple of a sem conductor device
according to the invention. Fig. 8 is a schematic cross-sectional

vi ew showi ng anot her exanpl e of a sem conductor device according to
the invention. 20Description of Enbodi nents [0026] The connecti ng

material of the_inventi o.n.c%{;rpri ses.netallic particl eﬁg?lavi g an .
oxygen state r&FB YRCPOMGH g, 2169ng {RpRs gY 1R er than 200°C
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speci ficsel eme i oERSpidmo sample, and it is the value
cal cul at ed usi nrgé)utlﬂgﬁrtel at i v%'ﬂsensi tivity coefficient provided with

the apparatus, [Des§HI® mi,gpbafumﬁl:agférﬂs eésc&ib%dgibgye;glp aiébgﬁngog@éges

state ratio of the netallic par es neasure ron

spectroscopy |5 asnidediel Blatdri colrisistp baaRE Paibids g bR gD,

nmetallic particle surfaces. [0029] "The netallic particles

any of the knowtats yrgis ofOIdEQrthﬁﬁaFWoe,asPﬁﬁdSiﬁ’éﬂVEpr gﬁﬁtc&%(ﬁon
pl ati num silver, copper, nickel, palladium iron,”alumnomor the

like may be usegectasstopych Teisatdirechapt nekasalmbys be HgR dcifABRAP off N
conbi nations of two or nore types. Silver and copper are particularly

preferr&d fromthérenali ewphictivitgfevenswherljemedi atad cusingueiripetitireanfl no

t hermal conductivity. 15&0030] The nmetallic particles preferably have
mean particle dighs tfanb@f0e mwishautmpplicaionnof W idadyamid hhesufficibsss
than 0,1 umthe production _cost will tend to-be higher, while :
particles of gheading wshgagto ever ewbien dhaavwed aprpduobibds hrennbeated at
particles and ?lﬁl 9&/ co‘e)%:&i cient of thermal conductivity. 20[0031] The
metal lic parti pe @%%ﬁﬂ%%@%ﬂ devipaempdewisgtfiat have been
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bul k netal 3 oRjF&GH A M@Hﬁgh%@%g%b@-e oxide filmz2, [0034] In this

case, heating at no higher ™t han causes det achnent
20 [0019] The commecting material of the invention preferably further

comprises a volatile component or binder cornponent.

[0020] The invention further provides a connecting material comprising

a binder (A), a filler (B) and an additive (C), wherein the filler (B) and

additive (C) are combined in the same weight ratio as the weight ratio in
25 | the connecting material, and the coefficient of thermal conductivity of

the compact obtained by hot molding is at least 40 W/mK. Such a



of the surface protective material 1, resulting in exposure of the
surface of the active bulk netal 3 as shown in Fig. 2, and the active
surface 10 contacts with the active surfaces of other netallic
particles thus pronoting sintering, and form ng nmetal bondi ng paths
between the nmetallic particles. The connecting material conprising
such netallic particl,es presumably has a high coefficient of thernal
conductivity evePnRfsEREHBAteEal has g meeellent vistosity fosmoasgeablity,hand
ot her hand, in the catﬁe of tallic particles with a gar.ge oxide film
2 as shown in ﬁ'JEQWQ, nepefiigent of dhempesondusivityolo badsroved while
det achnent of the,surfac otective material 1 as shown in Fig. 4,
but since the M&@éﬂ%sﬂﬁﬁégﬁ@iﬁa c particles are largely covered

ot sasi 1y 200 P (Bisslefm bt RO VESE telGmrioitea peabhens &1 fheloliv ¢
Caroval ot he Doy ARE B4dRe o) B ralcifod 46 R Tt o0 oekkient of

Cth ¢ . i . ol b
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is covered by t&@duﬁgggace protective material 4 as shown in Fig. 5

can be obt ai ned, 7] In this case, heating at no higher than 200C

causes det achnefioool THE cBiehRRT E@ﬁoécﬁﬁﬁwgicg%iﬁfe?émﬂ}yt :lglgﬁq‘ﬁ)aﬁﬁ”ﬁy

manner as the netallic partic own I n resu

exposure of they i : active
p ewslutt adith Alpééitoadn ﬁ@g?@sﬁgﬁgﬁﬁt}fb blﬂﬂgll‘ #

surface contacts wth the active s er met it particles
thus prddgoting [?]MB@@BEQ invdtdioho il nfrffRt abroRedell Ags@Riddndlslressvitde
metallic particles. During this tinme, the area of the exposed surface
of the active bhdwnget stu@uieswithr gsemtidmanriuctiat clehehhendet #rhicénductor
particles of Fig. 1, and therefore presumably sintering is pronoted
to a greater extlenment-mumwdimgesappbitoigermédbeef bomledntiogéththethbdmigh a
conductivity is obtained. [0038] The present inventors have al so
establ i shed a seammectng medenalal thetdmeitioor nmetal lic particles,

wher eby the anmount of oxide filmof the netallic particles is reduced
or conpl etely ehd¥pntageaus Fffeots oflareanition and aggregation of the
nmetal | i ﬁ parti cd@iﬁh}s preyented. This nethod 15w || now be descri bed.
[0039] BPrst, t Agoordingde dhe nwentipn, #asipesshiedo paevide @ covnacting
in which the surface . pyrotective materjal is_dissolved_or, dispersed,
and the oxide 1etal e kAsca High cocticiens P! e&mi SOnRfutevipr svert tViln

tion is filter

metal | o parti PUSE R broHTTdugrTAEe of dbdusle Haeoq Covithent
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particle sizes jgdigiajt 0 the particles before oxide filmtreatnent.
Preferably, a surface protective material is added to the acidic

sol ution to preReRf DRAGFipHBL FDLIw netallic particles, and the
oxide filmrenmoval and surface treatment are carried out

si mul t aneousl y. [omegﬁ%i%mm & sehemBtc RWw iﬁ%@tﬁm&@&gg B e 2 1

acidic solution, an e acid used nay be sul furi , hitric acid,

hydrochR6ri ¢ agpalticksatitlc alfndlf ostidepfibs RO Guafics, Bt hioe 'b%&? sur
diluting solvent for the acid is also not restricted, but prererably

it is a sol venttreated vgthoal swdapeapiobddtivieymatefibl. t he acid and excel | ent



[ 0042] For renoval of the oxide film the concentration of the acid
in 15 the acidic solution is preferably at least 1 part by wei ght
wWth respect to 100 parts by weight as the entire acidic solution,
and nore preferably it is at least 5 parts by weight when netallic
particles with a thick oxide filmare included. If the acid
concentration is too high, an excessive amount of netal will 20

di ssol ve in thefgolitig anschamdtictview siaviapothe el & el inetdli@ Rsticles
than 50 parts by weight and nore preferably no greater than 40 parts
by wei ght to prshem indipetawithnthbestwben grbectiae thatessl dEQEKA] addehe
surface protective nmaterial is preferably a conpound having term nal
functional groupstallic pagil¢stinterat togatieor pti on onto the netal
25surface. Exanples include conpounds with hydroxyl, carboxyl, am no,
thiol and di sul Figdd igracighsmatio¥icews wb custadioparticlehithdt aye megalliamarticles
preferred, Using,such a surface protective material can prevent
renddati en and Wikt # dugeagitide dgim on. thersustages thay hawe deenl supfase dvesied
reoxi dation of th neé%l lic Par,ti cles ,ggd adsorption contam nati on of
excess organi c PuraceNeleftve mEedone of the conmpound is
preferably one havi rai ght-.chain al kaigg bac% e, al If,)vvi ng

as ,
dense packi ng ofl& h‘g?%lao‘% emafle vigWethowng| hessdste wstallie paktielae
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or ot ect e mat or AP 2 SBPRAG SR o meliedfieles M8 A E\REDe mpriclen,
Packbone i nci it Byt e® R dll, S R AR 2B DB Bhltuce

t-butyl, pentylogdd flaxyhd sﬁ%&hréh%é’@wlﬂﬂ@s@‘gé 2 ofcAVE mAErial.

mer capt ans or cycl oal kyl ner capt ans such as I'mer capt an and

stearyl mer capt apfg, 6164 4 WABMATE GARKAsHWnEthe-sfa P%Hﬁ S
cycl opentyl, cyclfgohexyl or I510cycl ohept yl rrgrcapt atﬁggﬁﬂ{éog%gﬁm% e Aed

concentration oshdvae is Wifasewpthohecsurfiee FbRELISE rhitetilE datid and the
solution is preferably at |east 0.0001 part by weight with respect to

100 partl$ by weigtelliapattivdessihicra] @giethieg. sol ution, to prevent
aggregation between netallic particles, and it is preferably no
greater than 0.Higpaf tis 25bghenedtiphtrass-speiveltviewc glasiving plyexiangle of a
adsorption of the surface protective material onto the netallic
particles. [OouspicThéugiondevice aocaxflingo thetavértonparticles in the
connecting materjal is preferably. at |east 80 parts by weight, with
respect to 100 Pigr Ssismschemghie cadsstyestionali viewcthomdog iangtheneramapls of ar
an increased coeffjcient of thermal conductivity, and nore preferably
at | east 87 parﬁ%nlﬁongl}ct\%ﬂgmeaﬁc@dmtqtbedm%mwm coefficient of

t hermal _gonductjvity equal }éo or,greater than that of

hi gh-ter@erat ur Besgyiplipn of Embogdipentspast e-1i ke connecting material,

the proportion gf tallic particles i eferably.no greater than 99
parts by weight ngﬁ ﬁé"sﬁ@%ﬁecttwglmﬁﬁ%‘iﬁt gi‘ l}g‘ev@l’v fon Compases inegallic
connecting mat eﬁz'trfilclesal{]egrirrl%) aft oxygen state ratio of less than 15% as measured by

X-ray photoelectron spectroscopy.

[0027] The oxygen state ratio in the metallic particles is preferably less
25 than 10% and even more preferably less than 5%,

[0028] The X-ray photoelectron spectroscopy analyzer used may be, for



10 preferably no greater than 95 parts by weight for inproved
manageabi lity in the dispenser or printer. [0047] The volatile
conponent used for the invention is not particularly restricted so
long as the netallic particles becone sintered when the mxture with
the netallic particles has been subjected to a prescribed 15t her nmal
hi story. Exanpl es of vol atile conponents include

et hyl ert egl ycol examyle, esherS-Peibiey| BREG yMudebh@898 dtyheSurface Science
di et hyl enegl ycol nethyl ether, diethyleneglycol ethyl ether,

di et hyl enegl ycolnsbumentgandrAlKdanpy inaydee yeedlasitho wadibtedt Manys. The
di et hyl enegl ycol hg)ﬁyl et her'h 20 triethyl eneglycol methyl ether,

di et hyl enegl ycolera etakg [1adehds | thei eonsgentragighy ob| 2 dipecifid edemhent, in a
di et hyl enegl ycol di butyl etpﬁ:gr, i_gt_hé/tlhene I yc‘%}ugut@él nmet héil 1?éhtgr,
di et hyi enegl ycolMcASBHHD FHM Dbt Ietihene Yeluet Akggl YEBE der rdalive
ether, trJethyleneglycol butyl nmethy] ether, ethyleneglycol ethyl

et her acgt'ate, %@%&l‘éﬁ’eg‘?‘}?&é le%hﬂp%éiﬁ el’Wlﬂliafglét appara Seth@ﬂegnéﬁl oo
et hyl ether acetate, diethylepeglycol_ butyl ether acetate .
g_r opyl elnegl yf:ol H'Fﬁ‘?‘bqbt}h’l logt&%{r FP“@g?&Opyﬂléfhééqylﬁ%l Ttﬁ‘@( I’i?q“l’ ek ﬁ]é‘F ,metallic
o ooy et BBl e SRS by kB AR S BBl B andor of
tripropyl enegl ygal.. w . tripr | gneal ycal dinet hyl ether,
dit Erlop?/l etnetglyc%\%s%si‘ ﬁﬁ@fﬁ%%@s%é?ﬁ&%ﬁ&%% 8§<?/but anol, 5
et hy actate, c Ve I T

i sophor one, p- cmﬁé 1’% %ﬁ%?@%\gt %E -Sﬁlf.ﬁ’(i%gaﬁ%&i H?%&Bfgﬁigsl%ogm types.
di met hyl{gsul f oxige, Qﬁ,ﬁﬁ‘gn O?R@SQM ! i Ol witran

o- chl or phenol cgllele(})[so VE g@&%ﬂate, ma?#y - 6k|cf313’/r (E)If'ilfl ohes,ﬂver’ copper,
N, N-di met hy!l acefgfbdalladium, iron, alumi the lik

N, N- di net hyl f or mam dgj, Sul'tol’ane t et ral‘jiy F of uran: di ox. n%? uf%d’ and such

monogl yne,  di gl ieRdlic paﬁmsemaqu@m al S B8P cORbIVAtoRls b tweesiORBre
nmet hyl cel | osol ve, cellosol ve acetate, cycl ohexanone and the |ike.

[0048] These volypks.| eSilospand obppdraite Rartiasstlpipestered omthyikesoint
two or nore conponents as necessary. For increased thernal
conductivity, tafcastelectricall conguativity andtiponehcendsctbsigf. er ably no
greater 15 than 20 parts by weight with respect to 100 parts by

vei ght d$ the ef030¢ Tennetallingpanticlesi preferabli Bhvd maedri paenicle cvipeanefit
(binder (A)) used for the invention contains an organic pol yner
conpound or it sbefmeenr@brymaardl 50 woceWithypatielesrofhiese thannion g she
such as a reactive diluent, a curing agent, a 20 curing accel erator
to inprove the Bipdugtioncepewil]tend tpﬂwsﬁngbmz evhileoparsiclassaf grettex thano)
a diluent for inproved naqeabi l'ity, an adhesjve force inprover, a
wettability i npheviend tahavetatasaveidy begeean partiglescand plewdeoadieient of
| ower the viscogity.,. There.is no problemif the connecting material
of the inventio eﬁ‘%‘@@‘@ﬁ%ﬁ?’ﬁ% conponents ot her those |isted 25here.

part i culdr 1y T eoBEc e Feiilc Raiideceie metradorusmilic Rerticles ethaws
esi hs.  acr yl | PR HEORRG e FRATREE dor Hanova)41dhe oA Hut oRabSHiape
precursors. [ 003 o(radEeRmefPIRAU R il RoRAVITI1ARR © ethyl enic
[0032] While the reason for which the effect of the invention is
obtained by using such metallic particles is not completely undetstood,
25 . _ the present inventors offer the following explanation based on the

. schematic views in Figs. ] 10 6.



5 carbon-carbon doubl e bonds such as acrylic resins and nal ehni de
resins, or epoxy resins, are preferred for excellent heat resistance
and adhesi on, and for superior manageability since they can be used
in liquid formby using appropriate solvents. These resins may be
used al one or in conbinations of two or nore, 10[0052] When an epoxy
resin is used as the thernosetting resin, it is preferred to also use
a curing agent [8AA3FHiishgneiali partitlss wilthe septboyrfaes ionidestilm cthet havey
a conpound with at |east two epoxy groups in the nolecule, and
exanpl es i ncl udlﬁeépﬁufﬂcﬂémaﬁ@ wath o surfheo profestireematersal, prespmahly are
bi sphenol AD and the like, and epjchlorhydrin. 15[0Q53] Such
conpounds are ridtthsagan UP%rShS?WPe@t Fistbd $hal sng minimadyreaidaal oxide

conmpounds with two or, nore epoxy, gr t he mpl ecul e, .and exanpl es
i ncl ude bi spheri%lﬂnﬁzt@/ﬂgcﬁﬁtﬁ@ rﬂé%ll?\gﬁ[mEﬁl )385’6@11(% d@ﬂﬁ@@epwe%%|

VL 980 (O ate HARGTIS! AOUEICRE TR Bon scptighy pihe r idepiim

F-type epoxy resins [YDP-170 (trade nane of Tohto Kasei Co., Ltd.)],
bi sphenol AD-type epoxy resins [R-1710 (trade nanme of Mtsui

[N 7308 (t rade N4l dp oS %ﬁ%kaeaﬁﬁﬁ 20 el A P ed AffaRfiment
2010

s o ool S AP o LRIV At g o

E?Z?I)] COpoI ;12 Snctl ona epoé@plrnggi?sj%f Eggﬁ-%g)lbﬁ) )gr?réeg%t?b | pp%%e

Kayal cujfo., Ltghntactd W&Xﬂézacﬂv@:ag@r off oﬂéwcgl 18%31 [éé) 1,

VG 3010 (trade nane of Mt sui Petrole em ca

(trade name of @ lsintEROXY ahd- fonhh&k Xﬂl@ta?%hﬁlﬂge?aﬂfs Wbﬁv?een the
napht hal ene backbones | HP- 4037 (trade name of Daini pp nk and

Cheni cal s, | nc.thitallid ipaptidles: €Diexoneedting RRRE Onﬁg-saeﬂ%éﬁallﬁde

nane of Daicel Chem cal Industries, Ltd.) and DMVE-1 trade nane of
New Japan Chenimaticlés predundably haahlmg\latocﬁ'&[mtbf tledrinng cbﬂﬂ\l&@wf}f eadle
name of New Japan Chemical Co., Ltd.)], am ne-type epoxy resins 10

[ ELM 100 (tradevvhamheat&d&mrhlghudhﬁhéﬂ[)%@] Co., Ltd;), YH434L (trade
nane of Tohto Kasei Co., Ltd.), TETRAD- X and TETRAC-C (trade names of
M tsubi dbi Gas [08hkrcéhe oher hand, i therasendimenllivepatioles withiankige
[ DENACOL EX- 201 (trade narre of Nagase Chenjcals, Lt damél’ neopent yl

gl ycol -type epd)@&l de ddim3 - 3 heatingad @ollsgh anﬂ&ﬂé@a@elses
Chem cal s, Ltd. hexane nyl glycol -type epoxy. resjns [ DENA
EX-212 (trade rma@%@)é saﬁféﬂﬁﬁ@éof@cﬁm anaterialel py |Sbmémpmolfw énbut

gl ycol -type epox 0, 811, 850, 85 821, 830,
832, 841 and 86‘311‘\{% ﬁ%é‘lﬂgﬁéw § Ccﬁ?é”ﬁF &laée 1%8113) poveikd Bpahs
resins represent ea gg f.ol l.owi;n 20f em cal For nui
1] (wher ei n 9%jde 1L} < SRISTLE I? WEE}% ‘E)fm %Ld‘?‘?ﬁ BAb cast
E- XL- 3L bt rade narres of - Mtsui Chemcals, Inc. )] These epoxy resins
may al 38' be use¥f approprl ate conbi nations. [0054] The epoxy resin

ol ecul e (reacth ve@hiﬁ"@%@%&%ﬁqﬂ% B85 B tsBfl SR et Tl e
h d b al

of The i nventi cRaok SEDDY hat BRPHAREIELES Y ERbyaP APEL DRRPR R0

tsacthhgpz)g;alzorrpoun&s | ncf“ﬂ%%@ ? % ragéeﬁhgrrwemb?\é%&agg%?%gégﬁ@h%gﬁﬂél

Ltd.), PP-101

and 25098 (t rad(elhﬁgﬂnlg%]é(%%ﬁé{ eka ﬁctg t(L)B K%E%f}% %t a@‘&éc&%@cﬁ?@e enfife
Yuka- Shelsl Epo Y f Bt ;
Chuem' caigSCo.l,o )Ifgtyhéﬁ})%eaonﬂath ;!i!_g?:ﬂ 8350, #%ﬁ&%%eg%@gﬂgﬁ?jﬂf %ﬂ)} tra em%taerrrlgls

of Toshiba Sili£geehowh@R3d. STEAT be abRim@, particul ar restrictions on



15 and exanpl es include phenol -novol ac resins 1111-1, trade name of
Meiwa Pl astic Industries, Ltd.), VR-9300 (trade name of M tsui

Chem cals, Inc.), phenolarallcyl resins [ XL-225 (trade nanme of M tsui
Chem cals, Inc.)], allylated phenol -novol ac resins [AL-VR-9300 (trade
nane of Mtsui Chemcals, Inc.)], special phenol resins represented
by the 20fol | ow n% formula (11): [Chemcal Formula 2] (wherein Rl
represents a CL0934] iy thigrasse, hnating a8 nechigher banStMC, cav@es demekmnns
hydrogen or a Cl;6 al kyl group .such as nethyl or ethyl, and b ]
represents an i@ﬁ&@eﬁuréﬂezn‘ayecpwnmgnéofb intthe gameamenadr a4 thpanetallic
Petrochem cal s Co,.,, Lt .éw,rbbi henol F, A ,AD, allylated bisphenol F,
A, 5AD, di cyand?3HF s ShodiTh i itdeadi tesulting in 2xpesie & theesurégenyt thee

Ao L Gy S, 8 U et i
henyl - bheny| -12 i ght-chain,. -
R, R oo el i B g
00 i e bl S SENER NG AL
T (1 i1y, e L B B L OR
0 s o Qo G e LB, B
) YL 2 s g B0 A

reducedjgand i fedeffi¢ientsLmeanal haMuBAvRRLd Shiahesei ght the viscosity
will increase, tending to | ower the manageability. [0058] The

connecting nat €i0038] Thetfresdmvianéntons Fave alss @st®lisRéd addtrBREQEk8HEANY
accelerator, if necessary. Curing accelerators include organic boron

sal t conpounds rheEMad1for nigtBRic( partidkesaieschyf theamemt dhexide #im of the
| ndustry Co., Ltd.aﬁ], tertiary amnes or their salts [DBU, U CAT102,
1)

106, 830, 840 andt attolesdis redesd of cSapléiphyoelitnindtbd anel ievxidanires
[ CUREZOL, 2P4 MHZ, Cl17Z and 2PZ- K (trade nanes of Shikoku Chemicals
Corp.)]. - and aggregation of the metallic particles is prevented. This method

15 will now be described.

[0039] First, the metallic particles are added to an acidic solution in
which the surface protective material is dissolved or dispersed, and the
oxide film is removed while stirring, and surface protection is carried
out.

20 B Next, the solution is filtered to remove the metallic particles, and
then the suwrface protective material or acid componént physically
adsorbed on the metallic particle surfaces is washed off with a solvent.
The metallic particles are then dried under reduced pressure to remove
the excess solvent, to obtain metallic particles surface-treated in a dry

25 state. _
[0040] When oxide film treatment has been performed in an acidic

10



5[ 0059] The epoxy resin curing agent and the curing accel erator added
as necessary may be used al one, or several epoxy resin curing agents
and curing accelerators may be used in conbination. The curing

accel erator content is preferably no greater than 20 parts by weight
with respect to 100 parts by weight of the epoxy resin. 10[0060]
Conpounds wi th pol yneri zabl e et hyl eni c carbon-carbon doubl e bonds to
be used for theoluventcontainingl nodesuafacy! protetivd mmtaial ciomtiou osidea fidm
met hacrylic acid ester conpounds, and there nay be used conpounds
havi ng one or mn@vabpwqeés,gth@umta&nc particdey hedame aggpegatad, pogentially
nol ecul e, and preferaply co unds represented by the follow n

15f or nul as (|V)m§1§4pg|l)t m}mm!ﬁ @rﬂlﬁ&WdEOWéplrbk@mé‘@ﬂby pricies gmavmg):

[ Chem cal Fornula 4] A 4 1120=C\ C—O RP-1-1 1 (wherein
R4 represent gD éﬁ“‘i@ SEW ] tqthe partiches &gfqr@ Xé@féﬁ]%l tyeatment,
20C1- EOOSandsp:W f: 8blwy Eq% %nt §|I I[prl ]

hydr ocar Ban grff Wal? & P(Pfg Hg?tﬁ?@? I‘l[]@ r%glﬂ‘f ic solution

SRS iy e gy s
i soan;yl ac?/yl EG{ 0\%@2@# X‘%ﬁ@ﬁﬁa‘ 33}“%%%& %%q @P’F?‘FQI%CI’W gt e, 1
acryl Ao, | any04eF ThelF e n@%@% 9?%?*%%% %J@%ﬂ“‘l@ ARy, and
Tsobonyl anyl athe ook *#*F@%l%? e Bl B, ?é@’ agérkﬁﬁ%%ﬁé geid, acetic
met hacrypat e CWM acry HPTtﬁé’ ikget {Tﬁ %%Cs&%% for th%uclq is

nmet hacryl ate, prop I sopr opy ryl ate,

net hacryl ate, igabhbttesRitb@ Mt RER Bl g é |
nxet hacryl ate, isoat m;alS met hacr;}ﬁé o ltsyd seTRERARIH o C‘ﬂilsﬁﬂblhty

| at e, exy 10 net hacryl ate,” heptyl

net hacryl ate, ogitlyltheatibheny legtelen?-seldbilifexyd displehabilit) %ﬁﬂld"@tﬁﬁce
nmet hacryl ate, decyl nethacrylate, isodecyl nmethacrylate, |auryl

net hacryl ate, tprotetiyt mathialkcryl ate, hexadecyl nmethacrylate, stearyl
net hacryl ate, isostearyl nethacrylate, cycl ohexyl nethacryl ate,
i sobonyl raet hd0042hFer aemiowal oflﬂieeoidﬂwﬁlm 08 6Joshe etiratidrmef hiae nyidaire.
[ 0063] Conpounds represented by fornula §V) [ Chem cal Fornula 5]
H20=0, 15 the acidic solution is preferably af least 1 part by weight with respect to
100 parts by weight as the entire acidic solution, and more preferably it
1s at least 5 parts by weight when metallic particles with a thick oxide
film are included.
If the acid concentration is too high, an excessive amount of metal will
20 dissolve in the solution, and it is therefore preferably no greater than 50
parts by weight and more preferably no greater than 40 parts by weight
to prevent aggregation between the particles.
[0043] The surface protective material is preferably a compound having
terminal functional groups with satisfactory adsorption onto the metal
25 surface.  Examples include compounds with hydroxyl, carboxyl,

amino, thiol and disulfide groups, and compounds with thiol groups are

11



0-0-R2-01-1 CV) (wherein R4 and R5 represent the same groups as in
formula (1V)). 20 [0064] Conpounds represented by forrmula (V) include
2- hydroxyet hyl acryl ate, 2-hydroxypropyl acrylate, 2-hydroxyethyl

nmet hacryl ate and 2- hydroxypropyl nethacrylate. [0065] Conpounds
represented by fornmula (VI): [Chem cal Forrmula 61 1-120=0, RI
0-0401-12-01-1-0b R7 O (wherein R4 represents the same group as in
formula (1V), Rerefepedselfsingysiahgen sunatayprodectivee muagriet huah, pRFent
represents hydrogen, Cl-6 alkyl, dicyclopentenyl, phenyl or benzoyl,
and b repr esent@%ﬂﬂtm@@rpaﬁicb@gy@ge{tMG] Compounds represented by
formula (V1) include acrylate conpounds such as diethyl enegl ycol

acryl ate, pol yelh9rdssdgimers fudlyr prexesnt rqozndasionpyl theemietedlit partiojesasied
2-met hoxyet hyl acrylate; 10 2-ethoxyethyl acrylate, 2-butoxyethyl
acryl ate, met hommp%m@l%mn akexqess ergante metarid) Isbetmymdmébgnm

R T D N
I A e O T A
e S S B YRR sl 5L o
Lt RO e SRR PR U e

20net hacryl at e, cjggphenoxyet hyl et hacryl ate, phenoxydi et hyl enegl ycol
net hacryl ate, phenoxypol yet hyl enegl ycol nethacryl at e,

ey Y TSI A SRR of
[ Chemi cal  For mhighdd thahD0RCL 2k-BumbePoFRdrbba atdm® 1§ brdfiably no greater
than 18 so that the detachment temperature from the metal surface of the

suriace protective material is below 200°C.
Examples of compounds having thiol groups and having a
15 straight-chain alkane backbone as the main backbone include ethyl,
n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, pentyl and hexyl, which
have 1-18 carbon atoms, or mercaptans or cycloalkylmercaptans such as
dodecylmercaptan and stearylmercaptans including mercaptans with 5-7
carbon  atoms, such as  cyclopentyl, cyclohexyl or

20 cycloheptylmercaptanes.

[0045] The concentration of the surface protective material in the acidic
solution is preferably at least 0.0001 part by weight with respect to 100
parfs by weight as the entire acidic solution, to prevent aggregation
between metallic particles, and it is preferably no greater than 0.1 part
25 by weight to prevent excessive physical adsorption of the surface

protective material onto the metallic particles.

12



[wherein R4 represents the sanme group as in forrmula (1V), R8
represents phenyl, nitrile, -Si(0OR9)3 (where RO represents a Cl-6

al kyl group), or [0068] [Chem cal Fornula 8] WO (wherein

Rw, and | e2 each independently represent hydrogen or a Cl-6
al kyl group, and Ria represents hydrogen or a Cl-6 al kyl or phenyl
10group), and c reprgﬁents a nunber, of 0, 1, 2 or 3]. [0069]
Conpounds r epr W64 dThsy mepeition of) the anefallig particles uae the ropnaeeting
conpounds such as be Z yl.at e, anoet hyl acryl at,

y-acryl oyl oxypr&gts ﬁarﬁ@&@l&naérléas@f%}'%paw & yehe, o respect to 100

t et rahydrof urfur Ia Iat. t et rahydropyranyl acryl at e,
15di net hyI ani no@%‘?ﬁ/@tﬁ’y teaﬁilt ?Iﬁﬂt’égn GRS dngleriab for an increased

A At e,
it s RO i R0

%/etmragﬂagpc/):c Sﬂ‘ 8>r< llhg% ?ékl‘l neti}ltéoxy ane; e:z?fﬁfm%){i et hacryl ?te 5_
di nmet hgl am noet hgl netdr%gapc?x%tgt%e %ﬁé{eﬁwgnlﬁ %%é?g%e Eﬁ W@ﬁy&a@%@h“
1,2,2,6,6, pen TcIBé'lE’?P@IEtﬂiyf')ﬁhE%ﬁét@P '@ﬁartth)éwel t with res ecfto

2,2,6,6,-tetranet hyl pi peridin hac ate cry oy oxye
phosphat e and npghasai oy elehhuk PRRNEhtAS | HnRbe; erapdanéoxnore

nmet hacryl-ate conpounds such as fl-nethacryl oyl oxyet ydr dgen

pht hal ati® and f&dﬁﬁhbgprﬂboghmmetﬂmhhw &iifis sgyclmgﬁt fdi‘O?xﬁiproved

Compounds represented by forrmula (VII1): em cal Fornmul a 9]
manageablhty in the dispenser or pnnter

[0047] The volatile component used for the invention is not particularly

restricted so long as the metallic particles become sintered when the

mixture with the metallic particles has been subjected to a prescribed
15 thermal history.

Examples of volatile components include ethyleneglycol butyl
ether, ethyleneglycol phenyl ether, diethyleneglycol methyl ether,
diethyleneglycol ~ ethyl ether, diethyleneglycol butyl ether,
diethyleneglycol isobutyl ether, diethyleneglycol hexyl ether,

20 triethyleneglycol methyl ether, diethyleneglycol dimethyl -ether,
diethyleneglycol diethyl etﬁer, diethyleneglycol dibutyl ether,
diethyleneglycol butyl methyl ether, diethyleneglycol isopropyl methyl
ether, tiethyleneglycol dimethyl ether, tiethyleneglycol butyl methyl
ether, ethyleneglycol ‘ethyl ether acetate, ethyleneglycol butyl ether

25 acetate, diethyleneglycol ethyl ether acetate, diethyleneglycol butyl
ether acetate, propylenéglycbl propyl ether, dipropyleneglycol methyl

13



EC. F120:=C0=0H2 1111 o0 15(wherein R4 and R5 represent the sane
groups as in formula (1V)), [0071] Conpounds represented by formula
(VI'11) include diacrylate conpounds such as et hyl enegl ycol
cliacrylate, 1,4-butanediol diacrylate, 1,6-hexanediol diacrylate,
1, 9-nonanedi 01 di acryl ate, 1, 3-butanediol diacrylate, neopentyl

gl ycol diacrylate and dinmer diol diacrylates, and 20di nethacryl ate

conpounds such ethert dipkepEohsgiptol detingt lecﬁpmp%ﬂeneglycol propyl ether,

1, 4- but anedi ol di met hacryl at e, 1, 6- hexanedi ol di et hacryl at e,

1, 9- nonanecl i ol diprthenaglycale, tutgl bethane diptopivheteghooy | aimethyl ether,

neopentyl glycol, di nethacryl ate and. diner-dial ditnethaayl ates.

[0072] Conpoundsiprepyleneglyeel myethpl mther, (tiropyleneplycal dimethyla etlak,
F10 /0-CH2 H200\. N C.0-+CH + re-0+1 It. O 5(wherein R4 represents the
sanme group as i HpPramkenaglygol) mesd reheanacatates Frmednrl-3-methemdbugannips
as in fogmila (éﬂ&l) lactate, butyl lactate, y-butyrolactone, o-terpinecl, isophorons,
p-cymene, 1,3-dimethyl-2-imidazolidinone, anisole, dimethyl sulfoxide,
hexamethyiphosphorylamide, m-cresol, o-chlorphenol, cellosolve
acetate, N-methyl-2-pyrrolidone, N, N-dimethylacetamide,
N,N-dimethylformamide,  sulfolane,  tetrahydrofuran,  dioxane,
10 monoglyme, diglyme, benzene, toluene, xylene, methyl ethyl ketone,
* methylcellosolve, cellosolve acetate, cyclohexanone and the like,
[0048] These volatile components may be used alone or as mixtures of
two or more components as necessary. | For increased thermal
conductivity, the content of volatile components is preferably no greater
15 than 20 parts by weight with respect to 100 parts by weight as the entire
connecting material.
[0049] The binder component (binder (A)) used for the invention
contains an organic polymer compound or its precursor, and if necessary
one or more components such as a reactive diluent, a curing agent, a
20 curing accelerator to improve the curing property, a plasticizer for stress
relaxation, a diluent for improved manageability, an adhesive force
improver, a wettability improver, an antifoaming agent or a reactive
djlqent to lower the viscosity. There is no problem if the connecting
material of the invention also contains components other those listed

25 here.

[0050] The organic polymer compound or its precursor is not

14



[ 0073] Conpounds represented by fornmula (1X) include diacrylate
conpounds such as diethyl enegl ycol diacrylate, triethyl eneglycol

di acryl ate, tetraethyl eneglycol diacrylate, polyethyleneglycol
diacrylate, 10 tripropyl eneglycol diacrylate and pol ypropyl enegl ycol
di acryl ate, and di net hacryl ate conmpounds such as di et hyl enegl ycol

di rethacryl ate, triethyleneglycol dinmethacrylate, tetraethyleneglycol
di met hacryl ate panbtulaﬂylwe&tmmd;md ﬂlenabkﬁhnglramas drrihpiropybersery seol
di met hacryl ate and pol ypropyl enegl ycol dinethacrylate. 15[0074]
Conpounds  r epr gueferead, ber ¢mnpnlle &)ﬂmp[ lehefriad reBmsnintkde BpoxRaerins,
Hor-C, f O -0-CHTCH-CHrO || OH 0- CHr OH-OH10-ti O (X)
(wherein R4 repicsglih e§1n8hm%mdgreﬁms syanae resing land theiy pregwdscs4 and
12.15 each inde eg?ently§gepresents hydr ogen or a et hyl roup

20[ 0075] Conpo }@&e Pited BPMPOL $a wsdh i rieelymeriza ylenic
products of 1 rml |sp g,l@f) al noI F or bi spheno| AD and 2
mol es of g ycuﬁﬂf %P@‘q ondt 19 p?%oqﬁ’&' éﬁs sk paleimide

o spheril & b Sgi%]m’"caﬁﬁ&ﬁgéﬁ Fop BT bR P

5[ Chemi cal For rmdh%sul)%] antl” for” superml 1m|amagcab1hty since they can be used in
liquid form by using appropriate solvents. These resins may be used
alone or in combinations of two or more.

10 [0052] When an epoxy resin is used as the thermosetting resin, it is
preferred to also use 2 curing agent and curing accelerator.  The epoxy
resin is preferably a compound with at least two epoxy groups in the
molecule, and examples include epoxy resins derived from bisphenol A,
bisphenol F, bisphenol AD and the like, and epichlorhydrin.

15 [0053] Such compounds are not particularly restricted so long as they
are compounds with two or more epoxy groups in the molecule, and
examples include bisphenol A-type epoxy resins [AER-X8501 (trade
name of Asahi Kasei Corp.), R-301 (trade name of Yuka-Shell Epoxy
Co., Ltd)) and YL-980 (trade name of Yuka-Shell Epoxy Co., Ltd.)],

20 bisphenol F-type epoxy resins -[YDF-170 (trade name of Tohto Kasei
Co., Ltd.)], bisphenol AD-type epoxy resins [R-1710 (trade name of
Mitsui Petroleum Chemical Co., Ltd.)], phenolmovolac-type epoxy
resins [N-7308 (fvade name of Dainippon Ink and Chemicals, Inc.) and
Quatrex-2010  (trade name of Dow  Chemical Corp)],

25 cresol-novolac-type epoxy resing [YDCN-702S (trade name of Tohto
Kasei Co., Ltd,) and EOCN-100 (trade name of Nippon Kayaku Co.,

15



C01-G+CL-1.2-0 .11 O al7 "a=CH, ORTCH 1701 0 (X (wherein R4
represents the same group as in fornmula (1V), Rl4 and R 5 represent
the sanme groups as in formula (X), R16 and R 7 each i ndependently
represent hydrogen or a nethyl group, and d ahd e each

10i ndependently represent an integer of 1-20). [0077] Conpounds
represented by formula (X0 include diacrylates of polyethylene oxide
addi tion product¥l.)}if pelyfpnetimial apoky spsian JEPPN60bi(kptie maneAs Nippon
diacryl ates of pol ypropyl ene oxide addition products of bisphenol A,
bi sphenol F or H#¥ ﬁgh IA8,), dAdetivadAl (linds netelnd Powy Ehbmliced € api)de

addi ti on produc i sphenol A, Dbi sphenol F or bisphenol AD, and
di net hachI at es{}i‘f‘gélﬁlﬁ%ﬁwaﬂf‘é of Vi Ua(f(ﬁt@@mdﬁb@gmaé (9., Bitdphamb|

Formita (X1 1): JEHTEME Rameatayolay Sholl Hnegy di o, Ky L spexk acsits weih

sare 910w 2 bR bl el B hiopon ok and

Chemicals, Inc.)], alicyclic epoxy resins [EHPE-3150, CEL-3000 (trade

name of Daicel Chemical Industries, Ltd.) and DME-100 (trade name of

New Japan Chemical Co., Ltd.)], aliphatic epoxy resing [W-100 (trade

name of New Japan Chemical Co., Ltd.)], amine-type epoxy resins

10 [BLM-100 (trade name of Sumitomo Chemical Co., Ltd.), YE-434L.

(trade name of Tohto Kasei Co., Ltd.), TETRAD-X and TETRAC-C

(frade names of Mitsubishi Gas & Chemical Co., Inc.)], resorcin-type

epoxy resins [DENACOL BX-201 (trade name of Nagase Chemicals,

Ltd.)], neopentyl glycol-type epoxy resins [DENACOL EX-211 (trade

15 name of Nagase Chemicals, Itd.)], hexanedienyl glycol-type epoxy

resins [DENACOL EX-212 (trade name of Nagase Chemicals, Ltd.)],
ethylene/propylene glycol-type epoxy resins [DENACOL EX-810, 811,

850, 851, 821, 830, 832, 841 and 861 (hade names of Nagase

Chemicals, Ltd.)], and epoxy resins represented by the following
20 formula (T):

[Chemical Formula 1]

(1)

(wherein "a" represents an integer of 0-5),
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represents an integer of 1-20). [0079] Conpounds represented by
formula (XI1) include bis(acryl oyl oxypropyl) pol ydi net hyl si | oxane,
bi s(acryl oyl oxypropyl ) net hyl si | oxane- di net hyl si | oxanecopol yner,

5bi s( et hacryl oyl oxypropyl ) pol ydi net hyl si | oxaneand

bi s(rnet hacryl oyl oxypropyl ) net hyl sil oxane-dirri et hyl sil oxane

copol yner. [008Q0] _Conpound Chem cal

s represented by fornula (MT): [
Formul a 14] - EGH-&h-2h-ang E)Eﬁr':ﬂ, (reded nanes )of Mmawcgem)aals(, Inc.)].
CH, CHHT [ H?-00Q0H2GH2o0pc-r--0142cHCH cHzcooHf ecHzetl z 1 .,
HC- OGOCESI CHz 00bhesepogy rrsinomayoaien-be veod m apprppyieesosbinations.
ts th in &aut (1Y), dg, h, i, j d k each
| ndependent |y riOBAbae FSGERN 1av1alp TFEAC BpRlsbEFEPRBE faving
1-10). [0081] Conpounds represented by f rm,T a, (3C I11), i nsl uge
reaction 15 prYY¥cPR® SHCEY nEQUBy t“ilalﬁc‘éep@ﬁ%ﬁfeaéﬂ@ﬁ%t adauahtan
th anhydride, wi.th | i id est, d t hacy yl.j
e SO e R S Ir g SREE MBS Bhe Tt o
their hyd f : icularly restricted
25 ong as t neynBoates B coRBRatuiCihoRl-Bl SR snE Aenfirinr e pLstRisbbY b
in the 20nol : - - - both trad
o o E e MR s B e

nanmes of Ni ppon ochem ca or e I'€.710082]
Comound "t TagBs) RARAARL SHALR EEARIATaf SO oLt ot
o, i o e nt A O sapodgieyngygn, e, o 10}
preferrad to usgude b8kl Kasei Co., Ltd.), ED-502, 509 and 5095 (trade names of
Adeka Corp.), YED-122 (trade name of Yuka-Shell Bpoxy Co., Ltd.),
KBM.-403(trade name of Shin-Etsu Chemical Co., Ltd.) and TSIL-8350,

 TSL-8355 and TSL-0905 (trade names of Toshiba Silicone).

[0056] There are no particular restrictions on epoxy resin curing agents,
15 and examples include phencl-novolac resins [H-1, trade name of Meiwa
" Plastic Industiies, Ltd)), VR-9300 (trade name of Mitsui Chemnicals,
Inc.), phenolaralkyl resins [XL-225 (irade name of Mitsui Chemicals,
Inc.)], allylated phenol-novolac resins [AL-VR-9300 (trade name of
Mitsui Chemicals, Inc.)], special phenol resins represented by the

20 following formula (1)
. [Chemical Formula 2]

(1Y)

17



5initiator with it as a curing agent catalyst. There are no
particular restrictions on the radical initiator, although a peroxide
is preferred fromthe viewpoint of voids and the |ike, and fromthe
vi ewpoi nt of connecting material curability and viscosity stability,
t he deconposition tenperature of the peroxide is preferably 70-170C
10[ 0084] Speci ficexanpl gsof radi cal i ni ti at orsincl ude )
1,1, 3, 3-t et r andherpiar Bx yepresemyd heXbboalicg] group- suchsas methyd yarpethyl, R
er oxy) cycl ohexane, 1, 1-bis(t-butyl peroxy)cycl ododecane,

di - t - but yI per oxgpresepisthysrogan or a Kul-9| alldr grenp suck as anethyd/or plbiybdnde,
t-butyl cunyl peroxide, 152, 5-di nethyl-2, 5-di(t-butyl peroxy)hexane,

2, 5- di met hy1- 2, SIepieseatan peesssy phekindPBnif 30 {Erady arasie 06 xNgaion

el ght and st giashertiedts Lo 0 Rrbentl Refonl. wipiaied bispberskis 400
par LS DY St OB S B kB! a1 SRR EAS: bbby cthe
components a5 noneuit fSmiREWMider component content 15 pref orably
nei gnt as the dStede R B AL 2t er 5 | 2570067 Bxanpl oo of

pl asticizers include acrylonitrile-butadi ene copol yners such as

| i qui d pol ybut adi ene ("@IBN-13Q0 x 31" and "CTBN- 1300 x 9" by Ube
I ndustries, Ltd.), and preferaldly they have onx ﬁrInﬁre functi onal
i NO™ a 3

groups, sel ectetiH Nmaw%mml-lcaﬂﬂgxyl, a vi nyl groups,
in the nolecule. [TD088] An acrylonitile“butadi ene copolyner can be
reacted beforehand 5 with the aforenenti oned epoxy resin in a

proportion of emhereined’n asreybabi bi Hevaditadidnstic ORRIrsBRbon such as
10: 90-90: 10 (by weight), at” 80C 120C for a period of” about . 20

m nut es16 hour sn-pghenihanet her r qﬁFhélﬁ}Plen@, ret atd velx1Pi gitrdipht-¢tidn posint

organi ¢ solvent such.as butyl cellosolve, carbitol, butylcellosolve
acetate, carbi thaenehweet-eliain all§dervy foned [HOH, FDEL S DE! falrtrate names of

a-terpineol may be used if necessary. [0089]

Thenunber - aver dgpaw| Biydtaningei Gog ofnct e aadr yliorendipsubated déaieg  agents
copolyner is preferably 500-10,000. A nol ecul ar wei ght of |ess than
500 wil | tend teempeesediofl yeaghon preducs of ipoxyaresing gndeatntiencorepbends
while a nol ecul ar wei ght of greater than 15 10,000 will tend to
result in incr@@UAQC{&ES(T@‘@dﬁammmf@rI’!@ﬁhlnﬁﬂagleébirpi)ﬂ.y dfheséecuring
connect égg material. The nber - gver age pol ecul ar weight is the val ue

measur ed- by va;?&enb@r@égaﬂsgt&mlg,ap@romﬁe@ambmmw ed by gel
ol yatyr one. ( haPOSARGLS: EpRleib it S orioy G  ringh EoRh 1pBRAdaPBG
ol YouLad ene | oBi 5PN SRS A 100 800U RN Ry e
oL .o TRSRER) el MRS EBATSF AT TR) Rl 158
resin euring agent content is less than 0.01 part by weight the curability
20 will tend to be reduced, and if it is greater than 90 paits by weight the
viscosity will increase, tending to lower the manageability.
[0058] The connecting material of the invention may also contain an
added curing accelerator, if necessary. Curing accelerators include

organic boron salt compounds [EMZ/K, TPPK (trade names of Hokko

18



25| ower the hot bonding strength. The epoxy equival ent value is that

determ ned by the perchloric acid nethod. The epoxi dat ed

pol ybut adi ene may al so be one having a hydroxyl group in the

nol ecul e. [0091] The nunber-average nol ecul ar wei ght of the

epoxi dat-ed .pol ybut adi ene is preferably 500-10,000. A nol ecul ar wei ght
of less 5 than 500 will tend to result in an inferior chip

war pi ng- r educi fehaspicak tndoiry Lo, ddghutestiage pytinesofor gtheirt salts RRBU,

Tanageabi 11ty G-GRELEEahs: P "FAE and 002 TRerch iasers ab Saaghpro Ld)]
| ecul i ght | 092
EID agf :Jc?;ﬁ\r,velhg : h%ﬁf&%&%F@Mﬁﬁ%@ﬂ%ﬁ,gﬁﬁam@ ﬂ;f-%e@%i:

i , O :
pféi’ﬁie& Le?hfimrgaae@w”oo fﬁ[geﬁws@?%ﬁ{w@?%?mﬁ@ ‘ght ?‘”ﬁheBQ Tééf parte by
vel ght 15 e, YB3 She BaS AR Sl YOBh: SOTRRUANAR kBt i,
oxi de. “adﬁZsi“li%gﬁ%%éﬁrﬁp“ﬁ%ﬁlvﬁéﬁ%ﬁﬁﬁﬁ%aéﬁ PN S cuRE ™
11 anat e coupl il BARAL Saodluol TEUY LI SHOBRRLRAA OoRPU B!
20 f 1 uori ne- baspdepihAesRBASs RBEANG T SreadRe M 2 Br@%g%giggp{aﬁm

. . d
oils, ion trapping agents Such s 1 ho gangrc i on excﬁgnger

pol yneri zati on rbgkch . -£0094]
Exanpl esof si | arfe?:ﬁ(}éuogw ggﬁa gﬁ?gﬁﬁ}gﬁgggm%%b%%m{l

vi nyl t r{g03- net]008YE Ueexpomids avigh Yolpthériz A eiyérlia R8rbon-carbon double
25vi nyl tri met hoxysil ane,y- met hacr yl oxypropyl t ri et hoxysi |l ane, f3-(3

, 4- ep_oxycycl duadgltd betusgltfor et inewyison dndude acrylic acid ester compounds
y-gl yci doxypropyl tri net hoxysi | ane,

y- gl yci doxypr opidmenéfhadiydichacidi ¢stere compounds, and there may be used
N- phenyhy-am nopropyl tri met hoxysi | ane,

y- mer capt opr opylomponsdadaysig ane phecroactylicgriupa vamsthacrylic groups in
5N, O- (bi strinet hyl si] yf| acet am de, )
N- met hy 1- 3- ani ribgraplecule; pad Huriprablirompounds represented by the following

4, 5-di hydroi m dazol epropyl i et hoxysil ane, .
y- nmer ca%gopr oprfIBfB a&&%{mb,

y- mer capt opr opyl di nmet hoxysi | ane

103- cyanopr opyl [95554; ndgepresented by formula (IV):

methyltri (meth | ayl et hoxy) sil ane, nethylti (glycidyl oxy)silane,
2- et hyl hexy1- Zmlﬁwﬂﬂﬁgﬁonat e,

y- gl yci doxypr opyl net hyl di met hoxysi | ane, vi nyl'tri acet oxysi | ane,
y-anilinopropyltrine@ho§x§1lane,

H,0=C 5
S*O"R-H

(wherein R? represents hydrogen or a methyl group, and R’ represents a
20 ° CI-100 and preferably C1-36 divalent aliphatic or aliphatic hydrocarbon

group with a cyclic structure).

[0062] Compounds represented by formula (IV) include acrylate

compounds such as methyl acrylate, ethyl acrylate, propyl acrylate,
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15ry- mer capt opr opyl et hyl di net hoxysi | ane,

y- et hacr yl oxypr opyl net hyl di net hoxysi | ane,
N-trimethylsilylacetam de, di net hyl trinmethyl silylam ne,
,diethyltrimethylsilylamne,trinmethylsilylimdazole,tirnethylsilyl
i socyanate, dinmethylsilyl diisocyanate, nethylsilyi triisocyanate,
20vinylsilyl triisocyanate, phenylsilyl triisocyanate, .
t et xai socyanat eisppropy! ctyleteh axbtyl anwylatej isodaynaarylate, ooyl acrylate,
Exanpl esof ti t anat ecoupl i ngagent si ncl ude

i sopropyl trii soxmghaeyylater asneeyli suplatnyhewl asrgaty | haptenaeylate, octyl
| sopropyl di met hacryl i sost earoyl titanate, )

25i sopropyl t ri d¥ERE.HEGHEHA Ifa%aatq, inomyhwerylate, decyl acrylate, isodecyl
i sopropyl i sost ear oyl di acr vyl .

titanat e, i sopr cRRV It Yl peien idaeyl aerdets, hexadeoyl acrylate, stearyl

soprop CUy gherA) e Seb O ENSLEURE Moo et
ESEE i %‘fg é'h E'na( ﬂﬁc&b@%%@@?ﬁfﬁ%ﬁlﬁ%\tﬂ@f at 1’ Fﬁ&%ﬁ‘)’llﬁ% i%‘ﬁ?fl"é't‘ﬁ‘f[ s¥ch g
e st o soey
g?l'r ggg?iggi;g? gﬁ%oéﬁ%%égfﬁ% b)xﬁéth AT '3 \Qsoam;sil methaczlat; hexlyllc

di i sopropyl bistrie amno’titanate; titani umactate, acefoace

ester 10fj t anat gethhadrylate) PR 1%@&@&#15{%,6%&91 Ghbthh&Riate) 2-cthylhexyl

di - n- but oxybi s(tri et hanol'lam™hato)titari um

di hydr oxybi s(| affeflig)yliateanintiyl i trasfhathylate! oRexyloCindtieqeglaks ol idbecyl
methacrylate, lauryl methacrylate, tridecyl methacrylate, hexadecyl
methacrylate, stearyl methacrylate, isostearyl methacrylate, cyclohexyl
methacrylate, isobornyl methacrylate and tricyclo[5.2.1.0%¢]decyl

15 methacrylate.

[0063] Compounds represented by formula (V):

[Chemical Formula 5]

Rd
H,6=0_
%PO*RLDH

i (V)

(wherein R* and R’ represent the same groups as in formula (IV)).

20 [0064] Compounds represented by formula (V) include 2-hydroxyethyl
acrylate, 2-hydroxypropyl acrylate, 2-hydroxyethyl methacrylate and
2-hydroxypropyl methacrylate.

[0065] Compounds represented by formoula (VI):

20



titanium stearate, tri-n-butoxytitani um nonostearate, titani um

| actate ethyl ester, titaniumtriethanol atninate. 15[0096] Exanples
of polynerization inhibitors include qui nones, hydroquin. one,

nitro/ nitroso conpounds, am nes, polyoxy compounds,

p-tert-butyl catechol, picric acid, sulfur-containing conpounds such
as dithi obenzoyl disulfide, cupric chloride, diphenylpicrylhydrazyl,
tri-p- n|trophen&ihﬂnhyiFonnmmm@nylverdazyl

20N- ( 3- N-oxyani l i no-1, 3- dlnethylbutylldene)aniline oxi de and the
like, with no limtation to these. [0097] The connecting material of
the invention nmy also_g taln an adgéd bl eed inhibitor, if

necessary. Exanp @I eed hi b| t(prs include fatty acids such as
per fl uor ooct anoi c aC| d, @e+ énd oleic acid, and
per fl uorooctyl et hyl actylliate Ili’:one and I[‘he like. [0098F II'Bne

filler (B) used may be &known one, for exanple, a conductive powder
such as gold, platinum silver, copper, nickel, palladium iron or

al um num Theseflller p}{beu ed alone or in conbjnations of two

or more. Silver(RICHORpE: s& ﬁaermm asviarermal (VRS n@resents
vi ewpoi nt of cm el ect r| ctl Vi rk) g t hermal 5conducti yit
[0099] The afor ﬂg?%ngbe flP r IERIRFede PRy | #d-

b 0100 d f th
oy P S s b LB R

bi nder, with a}tj Eent added as necessary, are 10 prepared as a
hom)geneous pas heat i ng m Xxi ng, dissolving, decoagul ation

Kk di di [ .
combi nati on of WOCeLEhmpmia 1EaRncHH0 BB (S, Mfuds  gorate
kneader, tripl Q:drﬁbbund%' afehary rﬂlé’iﬁgle% fag1 ! hﬁlaiéoﬁgctﬁ&&neél}}cﬁl a

schematl C Cross- sectl onal view show exa
sen conduct or 1@@5 pr c%lcoib?ﬁfé%é ng
i nvention. The sem condlg‘gl or aewdc;ggyl n Fig. 7 co%r-gﬁ(f'tsﬁgis(%tthﬂ tan‘éyl%te

frames (fadi at cﬂ&)hok%@thyﬂb 12Gerdag))i P (heaibmgxyaihyl 11 coppRgird

onto the lead frane 12a via a connecting material of the inventi‘on,

and a nol d resimetbxydrthyteheislytdlerorylhng rﬁéth@ jl%ol iy8th @a&f?{lét@e
| ead 20frames 12b, 12c by two wires 14. [0102] is a schemtic

Cross-secti onaldmy@lwpsmtemylngye]ﬂng'l her aewdate| e oﬂ-lﬁlem@;{y@myﬁuct @brylatg
devi ce produced using a connecting material of the'invention

seni conduct or deaneydicthyieneglyial. aci‘y]atﬂmﬂ]esexylmlzaélytbnbglycbﬁ\@ciﬁﬁé

frames 17 for rred surrqundi ng the 25board, a LED chip 18 connected on
the | ead frame 2penzayl @ﬂw&@enamfbrﬁ-hydmﬁLYE}rthnmeypaopyﬂ, aanydata,

transl U(ignt resin, 19 fsleal l ng them The
and methacrylate’ compounds such as diethyleneglycol methacrylate,
polyethyleneglycol methacrylate, polypropyleneglycol methacrylate,
2-methoxyethyl methacrylate, 2-ethoxyethyl methacrylate,
2-butoxyethyl methacrylate, methoxydiethyleneglycol methacrylate,
methoxypolyethyleneglycol — methacrylate, dicyclopentenyloxyethyl
20 methacrylate, 2-phenoxyethyl methacrylate, phenoxydiethyleneglycol
methacrylate, phenoxypolyethyleneglycol methacrylate,
2-benzoyloxyethyl methacrylate and 2-hydroxy~3-phenoxypropyl

methacrylate.

21



LED chip 18 is connected to the lead frame 17 by a wire 14. [0103]
The sem conductor device of the invention is obtained by using a
connecting material of the invention to bond a sem conductor el enent
to a supporting nenber. After the sem conductor el enment has been
5bonded to the supporting nenber, a wire bond step and sealing step
may be mned out if necessary. [0104] Exanpl es of supporting nenbers
i nclude |ead fr[@®65] CahpamdideptdsenteddgdioimatecViiopper | ead franes
and pal |l adium PPF | ead franmes, glass epoxy boards {gl ass
flber-relnforcd&&anmwdFesmﬁaﬁ@ards) BT 10boards (boards enpl oyi ng
BT resins conposed of cyanate nononer or an oligoner thereof with

bi smal ei m de), and ot her ogganlc boards. [0105] For bonding of a
sem conduct or eIenent tof supportlng menber such as a |l ead frane
using a connectl |aI |nvent|on first the connecting
material is coated onto Che * 15 menber by a di spensing
met hod, screen printing ketho |ng nmet hod Gm] tthg Y i ke, and the
sem conduct or el enent |stontact bonded and t hen’heat cured using a
heati ng apparatus such as an oven or heat block. The heat curing is

ZSEM:L %ybéﬁé{ Léﬁaﬂieg Rt s P govry ladarh lﬁ@a”&if);ﬁzm”_ :ﬁat
0106

recem Fovent PSP o R e S

exanpl es, nﬂ[{ologg éﬁ%ﬁﬁ%ﬂ?jﬁ%ﬁf? the invention is not limted

t her eby. The er| I*s™use anpl es and reference exanpl es
25were prepared or obtained as follows. [0107] (1) Epoxy resin

solution: 7.5 parts by weight of YDF-170 (trade nane of Toht
Co., Ltd., bisphenol F-type epoxy resin, epoxy equivalents =
7.5 parts by weight of YL-980 (trade name of Yulca- Shel

Ltd., bisphenol A-type epoxy sin, ep qui val ents = 1 ' R
heated to 80C, antspirrin sycontinyged flor 51 hgur to obt GH
uni f or m epoxy resi nosol ution: 0108] (2>p€lring acoﬁher at or: 401 ¥

parts by weight of 2PZCNS- PW(trade nanme of Shi koku Chem cal s Corp
i rnidazole), (3) Volatile conpomenics: Di propyl enegl ycol nethyl et her
acetate %
—0—f—0~—R"
—0GC0o ,
oH _ ~~0C0~GH; CH; COOH (V)

~

(wherein R', R" and R each independently represent hydrogen or a

C1-6 alkyl group, and R" represents hydrogen or a C1-6 alkyl or phenyl
10 group), and ¢ represents a number of 0, 1, 2 or 3].

[0069] Compounds represented by formula (VII) and (VII) include

acrylate compounds such as benzyl acrylate, 2-cyanoethyl acrylate,

y-acryloyloxypropyltrimethoxysilane, glycidyl acrylate,
tetrahydrofurfiryl acrylate, tetrahydropyranyl acrylate,
15 dimethylamincethyl acrylate, diethylaminoethyl acrylate,
1,2,2,6,6,-pentamethylpiperidinyl acrylate,

2,2,6,6,-tetramethylpiperidinyl acrylate, acryloyloxyethyl phosphate,
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(hereunder, DWPA) (Dicel Chem cal Industries, Ltd.), toluene (Kanto
10Kagaku Co., Ltd.) and y-butyrol actone (Sankyo Chem cal Co., Ltd.).
[0109] (4) Metallic particles: K-0082P (trade nane of Metalar, silver
powder, nean particle size: 1.6 pm oxygen state ratio: 4% and
AgF10S (trade name of Tol auilci Chem cal Research Co., Ltd., silver
powder, nean particle size: 10 pm oxygen state ratio: 15% . 15Al so,
sur f ace- t r eat echchglogboyethylplsenyl e peide phiogpleate d 3-bedytoylerpathllhgdcogen
surface treatnment of AgFI OGS, in that order. [0110] An acidic solution
was prepared byphthhlates repd &-peryisyloyyethyiydrafenhysicomater inthairglates
(Kanto Kagaku Co., Ltd.) with 80 parts by weight of_ ethanol (Kanto
Kagaku Co., Ltduch A asurf heezylr eanethatrydateyt i Groyensethgd p peyldse,
addi ng 0.29 part by weight of stearyl nercaptane (Tokyo Kasei Kogyo
Co., Ltd,) as a-methacsploytastyweopslsimethorysilanco t rglyeidyli c methaciytate,
[0111] AgFlI OS was adcijegﬁto he surface treatnent sol ution, and

subj ected to oXphahydmp vameiaerelgia, ac éetrahydromeanyly  dnethaemdateor

sol uti on was ri%&e@ﬁﬁpe’%ﬂr{qtgapg’ﬁ%fy& 'Ehe vv!ashi ng and fim‘\éﬁaﬁy e,
g\éﬁzﬁﬁgﬁigf?iﬂi%ﬁﬁ?@ fyiﬂa%ﬁﬁi;@i_r Lﬁa”é%ﬁﬁe%fﬂ?%? tﬁﬁ‘%%%&%ﬁﬁﬁ%ﬁ#ﬁxl
et P et
if)ﬁ% ?r;natni ot ﬁ;tofflﬁe gtg)tigl neé’%r@ace-?r ea?ed %8 pomﬁé?ymagi@%/ng@ﬁ%?
Mat eri al sg(l) apr%m?% vver%hlﬁﬁtg%ﬁwgwwam&QE%v#ﬂ@g@kneadér to]

obtai n a bi nderjng ibo e f i .(3) and (4) were
added in the m'[xi gg])pr oporutrildosrfgpﬁ isg%%%b?nfe%ﬁﬁﬂ?ﬁghd the m xture was
kneaded for 15 [r@h@gﬁ@@]mmmg}Skneader to obtain a connecting

mat eri al . The physical properties of the connecting materi al
wer e exam ned by the follow ng nethods. The conpositions of the
netallic particles, volatile conponents and bi nder conponents, and

the property neasurement Results, are}?{é\hom in Table 1 and Table 2.

H,6—=G_ . l/-Gﬂf.)‘H2
ﬁ"O-’R—ED—%
0 ] (VIIT)
15 (wherein R? and R represent the same groups as in formula (IV)).

[0071] Compounds represented by formula (VIII} include diacrylate
compounds such as ethyleneglycal diacrylate, 1,4-butanediol diacrylate,
1,6-hexanediol diacrylate, 1,9-nonanediol diacrylate, 1,3-butanediol
diacrylate, neopentyl glycol diacrylate and dimer diol diacrylates, and
20 dimethacrylate compounds such as ethyleneglycol dimethacrylate,
1,4-butanediol  dimethacrylate,  1,6-hexanediol  dimethaerylate,
1,9-nonanediol  dimethacrylate,  1,3-butanediol  dimethacrylate,
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20[ 0115] (1) Shear strength: The connecting material was coated in an
anount of 0.2 ng onto a Ag-plated Cu lead frane (land; 10 x 5 mm, a
2 tomx 2 nmm Ag-plated Cu chip (0.15 nmthickness) was bonded
thereto, and heat treatment was carried out at 180C for 1 hour on a
hot plate (Bl-1P-401). 25[0116] This was foll owed by neasurenent of
the shear strength (MPa) using a universal bond tester (4000 Series
by Dage, Ltd.) mtopentydagycdlnigmetmeryatefantodinret diclndinsetiveaglatdsng

hei ght of 100 pm after heating at 260C for 30 seconds. [0117] (2)
Coef ficient of NFRidlormpmthdstreprasyntefl byufoedubo@d®dcti ng material; The
connecting material was heat treated at 180C for 1 hour 5 to obtain
a 10 x 10 x 1 nifhessicapRemanlatd t hermal diffusivity of the test

pi ece was nmeasured by the laser flash nethod (LFA 447, product of

Net zsch, 25C), and the cqafficient of ;thermnal Gonductivity (WmK) of

the cured connect,i Qg ial at 25CRNas cal ciirated fromthis ther mal
diffinivity and é‘h@ %uct o the sdem f| al\?éca zﬁa ty obtai ned

with a 10different|al s g’r i sI by Perkin-Ehner)
and the specific gravit obt ai ned by Arch| medes' net hod. [Ollm] %)

[ Tabl e 1] Exanpl es 1X34567° Conmpo- ~ sition Metal
particles (oxygen state ratio)
5 (wherein R* represents the same group as in formula (IV), and Rand b

represeﬁt the same groups as in formula (VI)).
[0073] Compounds represented by formula (IX) include diacrylate
compounds such as diethyleneglycol diacrylate, triethyleneglycol
diacrylate, tetraethyleneglycol diacrylate, polyethyleneglycol diacrylate,
10 tripropyleneglycol diacrylate and polypropyleneglycol diacrylate, and
dimethacrylate compounds such as diethyleneglycol dimeﬂlacryiate,
triethyleneglycol dimethacrylate, tetraethyleneglycol dimethacrylate,
polyethyleneglycol dimethacrylate, tripropyleneglycol dimethacrylate
and polypropyleneglycol dimethacrylate.

15 [0074] Compounds represented by formula (X):
[Chemical Formula 11]
He=c] R oH R" o R:;cxcng
G—0-CH;~CH=GH;~0 O i O 0= O OH=GHF O-C
o} R" 0

(X3

(wherein R* represents the same group as in formula (IV), and R and
R” each independently represents hydrogen or a methyl group).
20 [0075] Compounds represented by formula (X) include reaction
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Surface-treated AgFI OS (0% 92 92 92 92 92 Surface-treated AgE5S
(10% - - 92 92 Volatile conponents DWW 8

products of 1 mole of bisphenol A, bisphenol F or bisphenol AD and 2
moles of glycidyl acrylate, and reaction products of 1 mole of bisphenol
A, bisphenol F or bisphenol AD and 2 moles of glycidyl methacrylate,
[0076] Compounds represented by formula (XI):

5 [Chemical Formula 12]

. . " w R
Hzﬁ#?-—o-(—i*-;—cr@oo—cy{e—EH—};oﬁﬁ’G:GHz
? ) ° (Xx1)
(wherein R* represents the same group as in formula (IV), R* and R
represent the same groups as in formula (X), R and R each
independenily represent hydrogen or a methyl group, and d and e each
10 independently represent an integer of 1-20).
[0077] Compounds represented by formula (X1} include diacrylates of
polyethylene oxide addition products of bisphenol A, bisphenol F or
bisphenol AD, diacrylates of polypropylene oxide addition products of
bisphenol A, bisphenol F or bisphenol AD, dimethacrylates of
15 polyethylene oxide addition products of bisphenol A, bisphenol F or
bisphenol AD, and dimethacrylates of polypropylene oxide addition
products of bisphenol A, bisphenol F or bisphenol AD.
[0078] Compounds represented by formula (XII):

[Chemical Formula 13]
R i zo Re
Ho=el oy % JO=CH,
g—0—{—0H; - §—o—frsif-chfro—¢
20 Q R R 0 (X11)

(wherein R* represents the same group as in formula (IV), R*, R'®, R%

and R* each independently represent hydrogen or a methyl group, and £
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represents an integer of 1-20).

[0079] Compounds ~ represented by formula (XI) include
bis(acryloyloxypropyl)polydimethylsiloxane,
bis(acryloyloxypropyl)methylsiloxane-dimethylsiloxane ~ copolymer,
bis(mcﬁlacryloyloxypropyl)polydimeﬁylsilexme and
bis(methacryloyloxypropylmethylsiloxane-dimethylsiloxane

-copolymer.

[0080] Compounds represented by formula (X117):
[Chemical Formula 14]

{ —(—cHz—c':HﬂH:ou-)ré—(—ca;oH::cH-cn;—)h—%cu;ﬁ%i—%csi;r‘:ﬁﬁj—]
HE—COOGH,0H,006-0=CH, CH CH K
GH,GOOH RY CH, CH,
H?“COGCHZGHZOOG—?IOHE
CH,CO0H R
(XLID
(wherein R* represents the same group as in formula (IV),and g, b, i, |
and k each independently represent integers of 1 or greater and
preferably 1-10).
[0081] Compounds represented by formula (XI) include reaction
products obtained by reacting a polybutadiene added to maleic
anhydride, with an acrylic acid ester compound or methacrylic acid
ester compound having a hydroxy! group in the molecule, as well as
their hydrogenated forms, and they are not particularly restricted so long
as they have at least one acrylic group or methacrylic group in the
molecule, and may be MM-1000-80 or MAC-1000-80 (both trade
names of Nippon Petrochemicals Co., Ltd.), for example.

[0082] Compounds having polymerizable ethylenic carbon-carbon
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-  Binder conponent - - 4 8 4 Properties Thernmal conductivity
(Wmt) 78 74 24 27 21 75 23 shear strength (Men) 7.1 7.2 9.4
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double bonds may be any of the aforementioned compounds alone or in
combinations of two or more. .

[0083] When a compound having an ethylenic carbon-carbon double
bond is used as the thermosetting resin, it is preferred to nse a radical
initiator with it as a curing agent catalyst. There are no particular
restrictions on the radical initiator, although a peroxide is preferred fiom
the viewpoint of voids and the like, and from the viewpoint of
connecting material curability and viscosity stability, the decomposition
temperature of the peroxide is preferably 70-170°C.

[0084] Specific  examples of  radical initiators  include
1,1,3,3-tetramethylperoxy2-ethyl hexanoate,
1,1-bis(t-butylperoxy)cyclohexane,
1,1-bis(t-butylperoxy)cyclododecane,  di-t-butylperoxy isophthalate,
t-butyl perbenzoate, dicumyl peroxide, t-butylcumyl peroxide,
2,5-dimethyl-2,5-di(t-butylperoxy)hexane,
2,5-dimethyl-2,5-di(t-butylperoxy)hexyne and cumene hydroperoxide,
[0085] The radical initiator content is preferably 0.1-10 parts by weight
and most preferably 0.5-5 parts by yveight, with respect to 100 parts by
weight as the total weight of the compound with a polymerizable
ethylenic carbon-carbon double bond.

[0086] These binder components may be used alone or as mixtures of
two or more components as necessary. The binder component content
1§ preferably no greater than 3-30 parts by weight with respect 1o 100
parts by weight as the entire connecting material.

[0087] Examples of plasticizers include acrylonitrile-butadiene

copolymers such as liquid polybutadiene (“CTBN-1300 x 31" and
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1.6 2.1 6.8 1.5 [0119] [Table 2] Reference Exanples 234567
Canpo- sition Metal particles (oxygen state ratio) AgPlI OGS (15% 92 92

"CTBN-1300 x 9" by Ube Industries, Ltd.), and preferably they have
one or more functional groups, selected from among epoxy, carboxyl,
amino and vinyl groups, in the molecule.
[0088] An acrylonifrile-butadiene copolymer can be reacted befofehand
5 with the aforementioned epoxy resin in a proportion of epoxy
resin:acrylonifrile-butadiene copolymer = 10:90-90;10 (by weight), at
80°C-120°C for a period of about 20 minutes-6 hours. During the
reaction, a relatively high boiling point organic solvent such as
butylcellosolve, carbitol, butylceliosolve acetate, carbitol acétate,
10 ethyleneglycol diethyl ether or a-terpineol may be used if necessary.
[0089] The  number-average  molecular weight of  the
acrylonitrile-butadiene copolymer is preferably 500-10,000, A
molecular weight of less than 500 will tend to result in an inferior chip
warping-reducing effect, while a molecular weight of greater than
15 10,000 will tend to resulf in increased viscosity and inferior
manageability of the connecting material. The number-average
molecular weight is the value measured by vapor pressure osmosis, or
the value measuréd by gel permeation chromatography utilizing a
calibration curve. for standard polystyrene (hereunder referred to as
20 "GPC"),
- [0090] An epoxidated polybutadiene is preferably one with 100-500
(g/eq) epoxy equivalents. With less than 100 epoxy equivalents, the
viscosity will tend to increase and the manageability of the connecting
material will tend to be lowered, while greater than 500 will tend to
25 lower the hot bonding strength, The epoxy equivalent value is that
determined by the perchloric acid method.  The epogidated
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polybutadiene may also be one having a hydroxyl group in the

molecule.

'[0091] The number-average molecular weight of the ;poxidatcd

polybutadiene is preferably 500-10,000. A molecular weight of less
than 500 will tend to result in an inferior chip warping-reducing effect,
while a molecular weight of greater than 10,000 will tend to result in
increased viscosity and inferior manageability of the connecting
matetial. The number-average molecular weight is the value measured
by GPC.

[0092] The plasticizer has an effect of relieving stress generated by
adhesion between the semiconductor element and lead frame. In most
cases, the plasticizer is added at 0-500 parts by weight, where 100 parts
by weight is the total of the organic polymer compound and its
PIecursor. |
[0093] The connecting matexial of the invention may also contain, as
necessary, humeotants such as calcium oxide or magnesium oxide,
adhesive force improvers such as silane coupling agents, titanate
coupling agents, aluminum coupling agents and zircoaluminate
coupling agénts, wetting improvers such as nonionic surfactants and
fluorine-based surfactants, antifoaming agents such as silicone oils, ion
trapping agents such as inorganic ion exchangers, and polymerization
inhibitors, added as appropriate. _
[0094] Examples  of  silane  coupling  agents  include
vinyltris{f-methoxyethoxy)silane, vinyltriﬂhoxysilané,
vinyltrimethoxysilane, y-methacryloxypropylirimethoxysilane,
B-(3,4-epoxycyclohexyl)ethyltrimethoxysilane,
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y-glycidoxypropylirimethoxysilane,
y-glycidoxypropylmethyldiethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane,
y-mercaptopropyltrimethoxysilane, hexamethyldisilazane,
N,O-(bistrimethylsilyl)acetamide,
N-methyl-3-aminopropyltrimethoxysilane,
4,5-dihydroimidazolepropyltriethoxysilane,
y-mercaptopropyltriethoxysilane,
y-mercaptopropylmethyldimethoxysilane,
3-cyanopropyltrimethoxysilane, |
methyltri(methacryloyloxyethoxy)silane, methylti(glycidyloxy)silane,
2-ethylhexyl-2-ethylhexy] ; phosphonate,
v-glycidoxypropylmethyldimethoxysilane, vinyltriacetoxysilane,
y-anilinopropyltrimethoxysilane,
y~mercaptopropylmethyldimethoxysilane,
y-methacryloxypropylmethyldimethoxysilane,
N-trimethylsilylacetamide, dimethyltrimethylsilylamine,

[diethyltrimethylsilylamine,  trimethylsilylimidazole,  trimethylsilyl

.isocyanate, dimethylsilyl diisocyanate, methylsilyl triisocyanate,

vinylsilyl triisocyanate, phenylsilyl triisocyanate, tetraisocyanatesilane
and ethoxysilane triisocyanate,

[0095] Examples  of  fitanate  coupling agents include
isopropyltriisostearoyl  titanate, isopropyltriectanoyl‘ titanate,
isopropyldimethacrylisostearoyl titanate,
isopropyltridodecylbenzenesulfonyl titanate, isopropylisostearoyldiacryl
titanate, isopropyltri(dioctyl phosphate)titaﬁate,
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- - - 48 4 Properties Thermal conducrvity (WmK) IP 0+ 0+ 2,6 2.0
O* 1.5 Shear strength WANO 0 0 1.2 2.5 0
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isopropyltricumylphenyl titanate, isopropyltris(dioctyl
pyrophosphate)titanate,  tetraisopropylbis(dioctyl phosphite)titanate,
tetraoctylbis(ditridecyl phosphite)titanate,
tefra(2,2-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite ~ titanate,
dicumyiphenyloxy acetate titanate, bis(dioctylpyrophosphato)oxyacetate
titanate, diisostearoylethylene titanate, bis(dioctyl
pyrophosphate)ethylene titanate,
diisopropoxybis(2,4-pentadionato)titanium(IV),
diisopropylbistriethanclamino titanate, titanium lactate, acetoacetic ester
titanate, di-i-propoxybis(acetylacetonato titanium,
di—n—butoxybis(triemanolammato)ﬁtanium,
dihydroxybis(lactato)titanium, titanium-i-propoxyoctyleneglycolate,
titanium stearate, tri-n-butoxytitanium monostearate, titanium lactate
ethyl ester, titanium triethanolaminate,

[0096] Examples of polymerization inhibitors include quinones,
hydroquinone, nitro/nitroso compounds, amines, polyoxy compounds,
p-tert-butyleatechol, picric acid, sulfur-containing compounds such as
dithiobenzoyl = disulfide, oupric chlotide, diphenylpicrylhydrazy),
tri-p-nitrophenylmethyl, triphenylverdazyl,
N—(Sb—N—oxyanilino-1,3-dimethylbutylidene)anilhlc oxide and the like,
with no limitation to these.

[0097] The connecting material of the invention may also contain an
added bleed inhibitor, if necessary. Examples of bleed imhibitors
include fatty acids such as perfluorooctanoic acid, octanoic acid amide
and oleic acid, and perflucrooctylethyl acrylate, silicone and the like.

[0098] The filler (B) used may be a known one, for example, a
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1.1 1S *10 x 10 x 1 mmtest piece for measurenent of thernmal
conductivity could not be fabricated due to | ack of sintering of
nmetal particles. [0120] As shown in Table 1 and Table 2, the
connecting materials conprising surface-treated Ag powder and

vol atil e components, for 5 Exanples 1-3, clearly exhibited high
coefficients of theinal conductivity of 70 Wm K or greater, and

hi gh shear streeepdictize powdepsush g8 egaldr pletimanc silver,c oapperstnickel,
Ref erence Exanpl e -3 clearly, show that, connecting materials .
conprising Ag Ui, GFPNa6r Ryt al beseatillersomayss asedyatapiecsr in
(AgFl Cs) and a vol Eti | e conponent, did noé, 10pr oduce sintering,

bet ween the met&PMPMAGENS; Rl £g0o,0T 19OKS. anHvenh @@ddrepRfst 2 pavicularly
fabrication of test pjeces,for. neasur nt of the coefficient qf

t her mal conductl’?ﬁﬁ%‘f@‘?‘i ' gﬁe‘&?@@@r&%sh&&%l@j R u‘é‘k‘ﬁﬁb@%ﬁ?mmal
[0121] Al.so, Refer n%&} Exanpl e 4 shows .-that a connecting materi al
conpri si r?g Ag p% ¥h an oxygen state ratio of 15% or greater 15

ow coof 11 o ent (o) PHiCARRERBIARPS FathE R GPRAREDY sndAcs Rrofibute
but the connect%é@gﬁgg,%ﬂaéﬂgecp&% raaggvﬁ(,bq)corrprl sing surface-treated

Ag powder with e conponen hder conponent, exhibited a
hi gh coefficien in tdeT, [V : - 1. :

P oo It enfo el gl ARAEC oo B b MLT, o BIREBcles,
shous that a copgiafild R@niteht, SbirderPWith A0dfGETh GBI 4] ALkBIHGC e
state ratio of 15%or greater "and a 'bi nder conponent, exhibited’a |ow
coef ficijgnt of pﬁ?&f@_ﬂ #8ORdNGhbY bR B@ﬁe%ﬁah%tiﬁégaﬁﬁﬁin@l, MiKso Ok,
the connecting material of Exanple 5, 25conprising Surface-treated
AgFl OS and a bi deteragatitivarianadi dibpeesion, id Bécesmtyf hdheah pbropriate
thermal conductivity of 20 WmK or greater while nmaintaining shear
strength. [0123¢ohbmiatient of | dispdrsappdiesolGingndppasihees t mh esnaestineey
materials conprising surface-treated AgF5S with an oxygen state ratio
of 10% with a kntaerteiptorgdl planetaydnxebontherlikmnponent , exhi bi t

hi gher 5 coefficients of thermal conductivity and shear strengths

t han connect i nglhkldrFigl § is engnliesiatiy ogrsSaticnial aievoshgwing aatexangle o
of 20% qr greater, with a volatile conponent and a bi nder conponent,
as in RéPer enceoERstpreendyictmglevicy QEEIFCQ EsmegHh eongecimpamatarid efdhe e

Exanpl es 8-11) 10The fol Low ng binders (A, fillers (B) and additives
(O rr\r;)\er e pr ep;r!@(yentlon. !T?le se%xconguctor Sieﬁ)nce i Fig, 7 E:or_)nprlses three lead

frames (radiators) 12a, 12b, 12¢, a chip (heating unit) 11 connected onto

the lead frame 12a via a connecting material of the invention, and a
mold resin 15 that molds them. The chip 11 is connected to the lead
20 frames 12b, 12¢ by two wires 14,
[0102] Fig. 8 1s a schematic cross-sectional view showing another
example of a semiconductor device produced using a connecting
material of the invention. The semiconductor device shown in Fig. 7
| comprises a board 16, two lead frames 17 formed surrounding the
25 board, a LED chip 18 connected on the lead frame 17 via a connecting

material of the invention, and a translucent resin 19 sealing them. The
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Bi nder (A): The binder (A) is prepared by using a kneader for
10 m nutes of kneading 37.6 parts by weight of an epoxy resin
solution (Al), 9.2 parts 15 by weight of an acrylonitrile-butadi ene
copol ymer (A2), 18.4 parts by weight of an epoxidated pol ybutadiene
(A3), 1.8 parts by weight of an epoxy resin cur ng agent (A4), 0.8
art by weight of a curing accelerator (A5 2 parts by wei ght of
g di | ugnt (%6) LER. c&upéﬁtlgcapnm W(th@f G%d%@DWa]a Wby @ veige 44 ester

d (A7 t b f 20r adi cal t
Coary o Ao T Rt ! o bl
esin. epoxy eduPURIEHRG Metea) Shiy v tcgbwi%&%ﬁ%m@m T ejgpent
trad f R T, i I
Dhrasin onony teqﬁ.svap@%vé - | Ao iemigpRBvIaS clsshanthiascbret
I h t bt f | ut.i
Ayl oni £ 51 1o putorftednte’ 8 fi{h%ﬁnressmb“ BRI Bnd R and deelingsien
Ube | ndustries, g,g B(fa&g#fpﬁ‘fﬁlgag% ted acrylonitrile-butadi ene

te

copol yner) EpOXI |en 5E-1000-8.0 (trade nane of
h

Di Cyandi am de. doroa St 1%%2? %P?X@é“ rﬂé%%&f M@%&%ﬁ%%%ﬂ? 2

Tohto Kasei o, A fAa BBl X ¥6id il 18 Bilfadihnnoee WPt

ester conpound élﬁés) ggkyyﬂ)@a}sg G%Péélls ﬂb&elteﬁy%wd@tegoﬁ%@'mcgbmd n% BT

initiator (A8): per oxi ler (B): AgC trade na
Ful cuda ]t al Flmdld&(lﬁm«ae erdployink BT resihb ¢8fppayvd of cyiRas :midmeﬂ Sr

size: 10 inn)

an oligomer thereof with bismaleimide), and other organic boards.
:[0105] For bonding of a semiconductor element to a supporting
member such as a lead fiame using a connecting material of the
invention, first the connecting material is coated onto the supporting

15 member by a dispensing method, screen printing method, stamping
method or the like, and the semiconductor element is contact bonded
and then heat cured using a heating apparatus such as an oven or heat
block. The heat curing is usually carried out by heating at 100-200°C
for 5 seconds to 10 hours, A wire bonding step may then be followed

20 by sealing by a common method to complete the semiconductor device.
Examples
[0106] The present invention will now be further explained in detail by
examples, with the understanding that the invention is not limited
thereby. The materials used in the examples and reference examples

25 were prepared or obtained as follows.

[0107] (1) Epoxy resin solution: 7.5 parts by weight of YDF-170 (trade

33



20SPQU57 (trade nane of Mtsui Mning & Snelting Co., Ltd., silver
powder, nean. particle size: 0.85 unm SA1507 (trade nane of Metal or,
silver powder, nean, particle size: 15 Pm Additive (O:

25Di propyl enegl ycol nethyl ether. Tol uene Propyl eneglycol nethyl

et her acetate Dodecanethiol [0125] The prepared binder (A), filler
(B) and additive (C) were conbined in the mxin roportions shown in
Tabl e 3 and kned&Bel ofj T@ht05l<asazr@9déptdf,oblsnlmﬁ1%r%w EPORY PR, epPOXy

e 15 Sl i .58 AaRCSH SR o
S e s
et hods. The r scuiPaca Rk boaas I°F, o eyl s i d Ao
oot Pt RERRAEF SO B SO T i), v
et o oo U LB, Gabet, RBPapp

PPF, land: 10 . i : nd then a 2 mm
( (e Tine, B SIHIQRY CHorfcal TblD dmdBlen

X 2 mmsilicon t hi ckness S ded onto it and

heat treated at{zh8 jst h ( ) s
was. subj scted 167 o0 e, Lolhet M DAppaRACBLRSL | BN O et

uni versal bond (lpehgide(,4DRIPEp D] Whéraiial hd@mieR LA Yeskieht THanto

speed of 500 Inhis and a neasuring height of 120 um affer heating at

260C forl(30 secKagsku Co., Ltd()3ndGerhiyrelaciohe §Sa chbméeN@ustin.)y of
conpact of mxture of filler (B) and additive (C): The filler ( and

addi tive (O wef(d08i {4y Metallit pertrdes: 1§-008aPd{ttadensarab wirivietl digbdilees,
and kneaded with a nortar or the like, to a total weight of 20 g. The
resul ti ng powdepowilém neran particle size: 1.6 pm, oxygen state ratio: 4%) and AgF10S
(trade name of Tokuriki Chemical Research Co., Ltd., silver powder,
mean particle size; 10 pm, oxygen'state ratio: 15%).
15 Also, surface-treated Ag powder was prepared by oxide film removal
and surface treatment of AgF108, in that ordes.
[0110] An acidic solution was prepared by diluting 28 parts by weight
of hydrochloric acid (Kanto Kagaku Co., Ltd.) with 80 parts by weight
of ethanol (Kanto Kagaku Co., Ltd.). A surface treatment solution was
20 prepared by adding 0.29 part by weight of stearylmercaptane (Tokyo
Kasei Kogyo Co., Ltd)) as a surface protective material to the acidic
solution. -
[0111] AgF10S was added to the swface treatment solution, and
subjected to oxide film removal and surface treatment by stiming for 1

25 - hour while maintaining a temperature of 40°C. It was then filtered to

remove the surface freatment solution, and 40°C ethanol was added to
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paste-like m xture was nolded to 10 x 10 x 1 mm and heat treated at
180C for 1 hour, The thermal diffusivity of the nolded article was
nmeasured by the laser flash nmethod (LFA 447, product of Netzsch,
25C), and the coefficient of thermal conductivity (WmK) of the
cured 5 m xture conpact of the filler (B) and additive (C) at 25C was
calculated fromt thermal diffusivity and the product of the
speci fi ¢ heat c‘é(ﬁg'ba'{eﬁ‘%@lcﬁrw EROWAH{ f erenti al scanni ng

ot ai nea by Aok TZldbe FbendlarastonySeiientes Brovse ThGfAOR, and th
vas heat tr bat oHiHing gg0d e 19n%tﬁr§>3t\§%'e§'sp%aTﬁf aﬁa%“ﬁfﬁwe% q TRpvEdhe
aser 11ash- net oty teictBlahe i hyldol e eUCH 43y BaRHbE oo 1
Cannect | R mt ﬁ%ﬂcaﬁ%m&%&f‘?@%‘ﬁ rg];n tl ﬁ. S ther mal
difTusivity andie) RdUG il HISKARCHY LBAREA.AaPAE) 1o AL AANGH,

with a differ en scanni'ng cal ori | 'er and
Ly o iy 5 B ) i
surface-treated Ag powder. The oxygen state ratio of the obtained
surface-treated Ag powder was 0%, thus confirming that the oxide film
10 had been completely removed.
[0114] Materials (1) and (2) were kneaded for 10 minutes with a
kneader to obtain a binder componént.
Next, materials (3) and (4) were added in the mixing proportions
listed in Table 1 and the mixture was kneaded for 15 minutes with a
15 kneader to obtain a connecting material,
| The physical properties of the coﬁnecting material were
examined by the following methods. The compositions of the metallic
particles, volatile ébmponcnts and binder components, and the property
measurement results, are shown in Table 1 and Table 2.
20 [0115] (1) Shear strength: The connecting material was coated in an
amount of 0.2 mg onto a Ag-plated Cu lead frame (land: 10 x 5 mm), a
2 mm X 2 mm Ag-plated Cu chip (0.15 mm thickness) was bonded
thereto, and heat treatment was carried out at 180°C for 1 hour on a hot
plate (HHP-401).
25 [0116] This was followed by measurement of the shear strength (MPa)

using a universal bond tester (4000 Series by Dage, Ltd.) at a measuring
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Cnnpo- silica Binder (A)' 6 6 46 6 66 157 6 4 Fillers AgC 224 94

speed of 500 pm/s and a measuring height of 100 pm, after heating at
260°C for 30 seconds.
[0117) (2) Coefficient of thermal conductivity of cured connecting
maferial: The connecting material was heat treated at 180°C for 1 hour
5 1o obtain a 10 x 10 x 1 mm test piece. The thermal diffusivity of the
test piece was measured by the laser flash method (LFA 447, product of
Netzsch, 25°C), and the coefficient of thermal conductivity (W/m-X) of
the cured connecting material at 25°C was calculated from this thermal
diffusjvity and the product of the specific heat capacity obtained with a
10 differential scanning calorimeter (Pyrisl by Perkin-Elmer) and the
specific gravity obtained by Archimedes' method.
[0118] [Table 1]

Examples
1 2 3 4 3 6 7
Metal Surface-treated 92 | 92 | 92 92 | 92 - -
pirticles | AgR10S (0%%)
(oxygen | Surface-treated - - - - - 9 92
Compo- | stoteratio) | ApFSS (10%)
- sition Volatile DMM 8 - - 4 - 3 4
componcms TOl\lem} z 8 - -
v -Butyrolactene | -~ - 8 -
Binder component - - - 4 8 - 4
Propertios Thermal conductivity (Wim-K) | 78 | M4 B4 27 21 75 23
Shear strenpth (MPa) 70872 94 [ 16| 21 | 68 L5
[0119] [Table 2]
. Reference Examples
1 y) k] 4 5 & 7
Metal particles | ApP108 (15%) 92 | 92 92 92 92 - -
{oxygen state | AgFSS (20%) - - - - - 2 | 92
Tatio)
C:;?é]: - Volmite  |ouM 8 ~ 4 . 8 4
components Toluene - 1.8 ~ . - - -
v -Butyrolactone | - - 8 -
Binder component - - - 4 3 - 4
... | Thermai conductivity (W/m-K) 0% | 0¥ 0% 26 120 (15 1.5
Properties Iefear swongth (MPn) 6] 0 | 0 [12]25] 0 | Li

¥5
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*#10 x 10 x 1 mm test piece for measurement of thermal conductivity
could not be fabricated due to lack of sintering of metal particles.

[0120] As shown in Table 1 and Table 2, the connecting materials
comprising surface-treated Ag powdexi -and volatile components, for
Examples 1-3, clearly exhibited high coefficients of thermal
conductivity of 70 W/m'K or greater, and high shear strengths of 7 MPa
or greater at 260°C. In contrast, Reference Examples 1-3 clearly show
that connecting materials comprising Ag powder with an oxygen state
ratio of 15% or greater (AgF10S) and a volatile component, did not
produce sintering between the metallic particles at 180°C, and thus did
not allow fabrication of test pieces for measurement of the coefficient of
thermal conductivity, and shear strength was also not exhibited.

[0121] Also, Reference Example 4 shows that a connecting material
comprising Ag powder with an oxygen state ratio of 15% or greater
(AgF108S), a volatile component and a binder component, exhibited a
low coefficient of thermal conductivity of no greater than 3 W/m-K, but
the connecting material of Example 4, comprising surface-treated Ag
powder with a volatile component and binder component, exhibited a
high coefficient of thermal conductivity of 20 W/m-K or greater while
maintaining shear strength.

[0122] Also, Reference Example 5 shows that a connecting material
comprising AgF10S with an oxygen state ratio of 15% or preater and a
binder component, exhibited a low coefficient of thermal conductivity
of no greater than 2 W/m'K, but the connecting material of Example 5,
comprising surface-treated AgF10S and a binder component, exhibited a

high coefficient of thermal conductivity of 20 W/m-X or greater while
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maintaining shear strength.

[0123] Incidentally, Examples 6 and 7 show that connecting materials
comprising surface-treated AgF5S with an oxygen state ratio of 10%,
with a volatile component and a binder component, exhibit higher
coefficients of thermal conductivity and shear strengths than connecting
materials comprising AgFSS with an oxygen state ratio of 20% or
greater, with a volatile component and a binder component, as in
Reference Examples 6 and 7.

[0124] (Examples 8-14 and Reference Examples 8-11)

The following binders (A), fillers (B) and additives (C) were
prepared. '
Binder (A):

The binder (A) is prepared by using a kneader for 10 minutes of
kneading 37.6 parts by weight of an epoxy resin solution (Al), 9.2 parts
by weight of an acrylonitrile-butadiene copolymer (A2), 18.4 parts by
weight of an epoxidated polybutadiene (A3), 1.8 parts by weight of an
epoxy resin curing agent (A4), 0.8 part by weight of a curing accelerator
(AS), 18.2 parts by weight of a diluent (A6), 14.7 parts by weight of a
methacrylic acid ester compound (A7) and 0.5 part by weight of a

Tadical initiator (A8).

Epoxy resin solution (Al): After heating 7.5 parts by weight of

25

YDF-170 (trade name of Tohto Kasei Co., Ltd., bisphenol F-type epoxy
resin, epoxy equivalents = 170) and 7.5 parts by weight of YL-980
(trade name of Japan Epoxy Resins Co., Ltd., bisphenoi A-type epoxy
resin, epoxy equivalents = 185) to 80°C, stirting was continued for 1

hour to obtain a uniform epoxy resin solution.
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Tol uene - Propyl enegl ycol nethyl ether acetate

Acrylonitrile-butadiene copolymer (A2):

CTBNX-1300 x 9 (trade name of Ube Industries, ILid,,
carboxyl-terminated acrylonitrile-butadiene copolymer)

Epoxidated polybutadiene (A3):

E-1000-8.0 (trade name of Nippon Petrochemicals Co,, Ltd.)

Epoxy resin curing agent (A4);

Dicyandiamide

Curing accelerator (AS):

C17Z (trade name of Shikoku Chemicals Corp., imidazole)

Diluent (A6):

PP-101 (trade name of Tohto Kasei Co., Ltd,, a]kylphenyl. glycidyl
ether)

Methacrylic acid ester compound (A7):

Bthyleneglycol dimethacrylate

Radical initiator (A8):

Dicumyl peroxide

Filler (B):

AgC-224 (trade name of Fukuda Metal Foil & Powder Co., Ltd., silver
powder, mean particle size: 10 ;.mi)

SPQO5) (trade name of Mitsui Mining & Smelting Co., Ltd., silver
powder, mean particle size; 0.85 pum)

SA1507 (trade name of Metalor, silver powder, mean particle size: 15
Hm)

Additive (C):

Dipropyleneglycol methyl ether

Toluene
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Propyleneglycol methyl ether acetate
Dodecanethiol
[0125] The prepared binder (A), filler (B) and additive (C) were
combined in the mixing propottions shown in Table 3 and kneaded wim'
a kneader for 15 minutes, and then kneaded at no preater than 5 Torr, to
obtain conneéting materials for Examples 8-14 and Reference Examples
8-11,
[0126] The physical properties of the connecting materials of Examplcs'
8-14 and Reference Examples 8-11, and the physical properties of
compacf:s of mixtures of the filler (B) and additive (C), were measured
by the following methods. The results are shown in Table 3.
[0127] (1) Viscosity: An EHD-type rotating viscosimeter (Tokyo Keiki
Kogyo Co., Ltd.) was used for measurement of the 0.5 rpm viscosity
(Pa-s) of the connecting material at 25°C.

(2) Die shear strength (shear strength): The connecting material
was coated onto a palladium-plated lead frame (PPF, land: 10 x 8 mm)
in an amount of about 0.2 mg, and then a2 2 mm x 2 mm silicon chip
(0.4 mm thickness) was contact bonded onto it and heat treated at 180°C
for 1 hour with a clean oven (Espec Corp.). This was subjected to
measurement of the shear strength (MPa) using a universal bond tester
(4000 Series by Dage, Ltd.) at a measuring speed of 500 pm/s and a
measuring height of 120 pm, after heating at 260°C for 30 seconds.

(3) Coefficient of thermal conductivity of compact of mixture of
filler (B) and additive (C): The filler (B) and additive (C) were mixed in

the mixing proportions shown in Table 3, and kneaded with a mortar or

the like, to a total weight of 20 g. The resulting powder-like or
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Thermal conductivity (tiller + additive co [
_ npact) (ligrng.) 60 48 49
55 50 45 ,59 8 8 21 15 Viscosity(P4-3)' 86 140 156 %239115 128 140

92 730 85

10

15

paste-like mixture was molded to 10 x 10 x 1 mm, and heat treated at
180°C for 1 hour. The thermal diffusivity of the molded arficle was
measured by the laser flash method (LFA 447, product of Netzsch,
25°C), and the coefficient of thermal conductivity (W/m'K) of ﬂxe cured
mixture compact of the filler (B) and additive (C) at 25°C was
calculated from this thermal diffusivity and the product of the specific
heat capacity obtained with 2 differential scanning calorimeter (Pyrisl
by Perkin-Elmer) and the specific gravity obtained by Archimedes'
method.,

(4) Coefficient of thermal conductivity of cured connecting
material: The comnecting material was heat treated at 180°C for 1 howr
to obtain a 10 x 10 % 1 mm test piece. The thermal diffusivity of the
test piece was measured by the laser flash method (LFA 447, product of
Wetzsch, 25°C), and the coefficient of thermal conductivity (W/m-X) of
the cured connecting material at 25°C was calculated from this thermal
diffusivity and the product of the specific heat capacity obtained with a
differential scanning calorimeter (Pyrisl by Perkin-Elmer) and the
specific gravity obtained by Archimedes’ metho d.

[0128] [Table 3]
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335 Die shear strength (WD 73 8.5 6.2 6.0 8.16.57.98.72,18.5

5.6 Ther nal

25 21 33 |
5
10
15

conductivity (connecting material) (Wink) 32 23 35 28

Examples Reference BExamples
319 (10111} 12 j13]|]14{ 81| 2 |10[ 1
Binder (&) 616 | 4161 6 6|6 (1517 |6 4
ApC-24 94 {94 196 |1 94} 94 194 | - (85|93 ] - -
Fillers | SPQOS) R - - (941 -] -]1-1-
S§a1507 “ - - - - - - -] - 1594] 96
Compo- Dipropyleneglycol | 4 | 1 | 4 | - - -l 4] -] -14]4
iy methyl efher
sition Tolucno - - - 4 - - - - - - -
Additives | Propyleneglycol N 4 -l - -]-1-1-
melhyl ether
aceiate
Dodecancthiol -l -t -0 -t -t -1
Themmal conductivity (fller+ | 60 [ 48 { 49 | 55| 50 45|59 | 8 | 8 | 21| 15
additive compact) {W/mkK)
Properties | Viscosity (Pas) 86 | 140|156 | 123 | 115 {128 | 140 92 [730] 85 | 335
Die sheer strength (MPa) 77|85|62|60) B1 165179]|87]|2]1|85]|54
Thermal conduclivity 321233528 25 121 | 33| 1 (201225
{connecting material) {W/mK)

[0129] With the connecting materials of Examples 8-14, it is possible to
obtain excellent viscosity for manageability, and to improve the
coefficient of thermal conductivity while maintaining bonding strength.
The connecting material of Reference Example 8, which contained no
additives, had a low coefficient of thermal conductivity of the compact
of the mixture of the filler (B) and additive (C), and the coefficient of
thermal conductivity of the cured connecting material was also low.
The connecting material of Reference Example 9, which contained no
.additives, had a relatively high coefficient of thermal conductivity of the
cured connecting material and the content ratio of filler (B) was high,
and therefore the viscosity of the connecting maferial was high. The
connecting material of Reference Example 10, which contained
additives, had a low coefficient of thermal conductivity of the compact
of the mixture of the filler (B) and additive (C), and therefore the
coefficient of thermal conductivity of the cured connecting material was
low. The connecting material of Reference Example 11, which

contained addifives, had a high coefficient of thermal conductivity of
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20 12 25 [0129] Wth the connecting materials of Exanples 8-14, it
is possible to obtain excellent viscosity for manageability, and to
i nprove the coefficient of thermal conductivity while maintaining
bondi ng strength. 5 The connecting materi al of Reference Exanple 8,
whi ch contained no additives, had a | ow coefficient of thermnal
conductivity of the conpact of the m xture of the filler,(B) and
additive (C), dhe cquned conngdtinigematostals it therefoos dhe coediiciensfott thermal

cured connecting materj al s also lo The connegti eri,al  of

Ref erence ExanmflOBdyctiviy @Iﬂ\?&)ﬁ@@%@‘op & I&@“&'&cﬂr}}tﬁQ éﬁl,gf’r Eﬁé agd additive
rel atively high goeffjcient of thermal,conductivity of, the cured
connecting mat e(r(ﬁd'}’ a%aiﬂ‘f" Fﬂéﬂ%?oﬁﬁ‘éﬁﬁtyr %ﬁtﬁ% C@Pn?qtmgé%a&eﬁﬁi Was h, and
therefore the v'gégsitg pf e, connecting material was high. The
connecting mat dReferenee REnsJdste Exanpl e 10, which cont ained

addi ti ves, had coef.fi.cient, of. thermal, gonductivity .0 h ,
conpact §15 of @Aéﬁﬁlgﬁfﬁgﬁﬁe R H’éec&ivp Ir%qtm(@) aaﬂﬁI@JHW% é)“?l&%&%(lhéll ‘
therefore the cgeffi4i t | i f r .
connecti ng mat ec?(ﬁg’l i%j@ltbo%c”rl%g& ggﬁ]ﬁ%gﬁj %&éh\gt&éﬁl@fi r%‘%ngE ‘eﬁg%rg [} 17
Exanmpl e 11, whi i1Rediaddpt 4 hi gh coefficient of

t her mal conducgﬁggﬁgﬂ%%]Q%g%ﬂkggég¥@%ﬁﬁ%§ ?ﬁ%’n&terial, and therefore
the coefficient of thermal conductivity of the conpact of the m xture
of the filler (B) and additive (C) was |low and the viscosity of the
connecting material was high. Reference Signs List 5[0130]1, 4:
Surface protective material, 2: oxide film 3. bulk netal, 11: chip,
12a, 12b, 12c: lead frane, 14: wire, 15: nold resin, 16: board, 17:

| ead frame, 18: chip, 19: translucent resin. CLAIMS 1. A connecting
material conprising netallic particles having an oxygen state ratio
of less than 15% as neasured by X-ray photoel ectron spectroscopy. 52.
A connecting material according to claiml, wherein the netallic
particles are netallic particles that have been subjected to
treatnment for renoval of the oxide filmon the surface and to surface
treatnent with a surface protective material. 3. A connecting
material according to claiml1l or 2, wherein the nean 1Oparticle size
of the metallic particles is between 0.1 inn and 50 m 4. A
connecting material according to any one of clains 1 to 3, wherein
the netallic particles are netallic particles sintered at no hi gher

t han 200C. 5. A connecting nmaterial according to any one of
claims 1 to 4, which 15further conprises a volatile conponent or a

bi nder conponent.
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6. A connecting material conprising a binder (A), a filler (B) and an
additive (O, wherein the filler (B) and additive (C) are
conbined in the sane weight ratio as the weight ratio in the
connecting material, and the 20coefficient of thermal conductivity of
t he conpact obtained by hot nolding is at |least 40WnK. 7. A
connecting material according to claim®6, wherein the content of the
additive (O is 1-100 parts by wei ght Ghm&spect to 100 parts by
wei ght of the bj %er (A).. 258. é{ sem gonduct of,. devi.c avjng a
struct ur e -wher &li-rf> SORUGHIASABY A} CUNBHEREL 1 1@%@5 e 0Xygen

mat or i al accor AU PHon ) Bie BRc afims megsred” by xS BiHelethon
spectroscopy. .
5 2. A connecting matexial according to claim 1, wherein the metallic
particles are metallic particles that have been subjected to treatment for
removal of the oxide film on the surface and to surface treatment with a
surface protective material,
3. A conneciing material according to claim 1 or 2, wherein the mean
10 particle size of the metallic particles is between 0.1 pm and 50 pm.
4, A connecting material according to any one of claims 1 to 3, wherein
the metallic particles are metallic particles sintered at no higher than
200°C.
5. A connecting material according to any one of claims 1 to 4, which
15 further comprises a volatile component or a binder component.
6. A connecting material cornprising a binder (A), a filler (B) and an
additive (C),
wherein the filler (B) and additive (C) are combined in the same
weight ratio as the weight ratio in the connecting material, and the
20 coefficient of thermal condvctivity of the compact obtained by hot
molding is at least 40W/mK.
7. A connecting material according to claim 6, wherein the content of
the additive (C) is 1-100 parts by weight with respect to 100 parts by
weight of the binder (A).
25 8. A semiconductor device having a structure wherein a semiconductor

element and a semiconductor element-mounting supporting member are
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bonded using a connecting material according to any one of claims 1 to
7'
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