DESCRI PTION Title of Invention 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 el enments such as IC, LSI or light emtting diodes (LED)
onto boards such as lead franes, 1 S@ﬁg’ﬁ; thdang boards, gl ass epoxy
Wi ring boards and polyimde wri ngogg)ar s,ﬂa(gNwel | as a

sem conduct or deVithanfdupb@ismg i t. Background Art [0002] Met hods of
bondi ng sem conductor el enments and | ead franes (supporting nmenbers)
during product i cGODINEETINGMATEBRIATANDSENGCONDUE TER MEMIGHK er ei n
a filler such as silver powder-is dispersed in. a resin such as an
epoxy- based resi'ﬁetﬁmiﬁmjiﬁfy’)ddi de-based resin to forma paste (for

exanpl e, | ver e), which is used as a bondi ng agent, [0003] .
Accor di ngsslt 0 thi[@%ﬁil %@ﬁ,mﬁsﬁts%%t&ﬂ selaigs jioj At eanngeting angierigl with

TR 50 | a7 eSS ARG BT SOREh 51 it
device, [0004] HASCRPaSARE 7" EGR PRty RHIRE S8R RGN
circuit board afﬁl%riﬁf‘ﬁﬁ%l@Téxoﬁdlféﬁﬁynbgf&rﬁﬁahmtw %ﬂ raneal délngs I,

mat erial for sem conductor packagi ng. Because recent nountin
requires high 290dgher lighenemitihghiedds ERDY vntoSBOAES <ABNRAL IS4 Fames,
acconplished primarily by surface nounting nmet hods wherein the | ead
frame of 18 semnicepadiccvivmgdeards giass dpoectinngsbbatds edd polydmbteawiting
[0005] Such surfaCe mounting enploys reflow sol dering whereby the
entire board is bnasdseds Weﬂlﬁsiariiﬁnwﬂmﬂluﬁ@ydwlaﬂGWmQukage i's heated
to a high terrperﬁ%ptkrg: of .200C or above. When noisture is present
during 5 this ti oWl Arke package, and especially in the adhesive

LS4 ! et OOPREEHERR PR AR s MOREE S
ol iabi ity of (Batigiag ikl RFETEIRR b} iBRdhdBldl fe S
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wi dely enpl oyed for bonding of sem conductor elenents

seni conduct or  supgiarsuch@s MRNGRXY-tRLE] taivof palyhpidialmet ebdialth fbin
i ncludi ng bonding strength at high tenperature,
paste (for example, silver paste), which is used as a bonding agent,

[0003] According to this method, a dispenser or a printer or stamping
machithe is used to coat the paste-like bonding agent on fthe di;e 'pad ofa
20 lead frame, and then the semicoﬁductor element 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 to find solutions 20 to these technical problens
have |l ed to demagd : &qﬁﬁﬂ' L i £ 1) hi gh bondi ng
strength and a h?%%&§@%$?|0|eﬁ#ngﬂﬂ?%ﬁiﬁﬁhagﬁﬁégéﬁl(?ty, for use as

bondi ng agent s fgmogj)rsﬁl_l;irzltﬂ&uﬁfadé‘%'[?% %?ﬁn?ﬁﬁggweﬂ@vm%l&ﬁﬁg%ﬂm%?rfﬁé)

. 014)
and sem conduct or el enents. 00 dition, one proposed

means for achi evémitrelboafibls Heatdd WHB SRR th) ahd @k FARAEE {5 Néuted to a
adhesives, which utilize contact between conventional netallic
particles, has bhigh teipenateeof 260t 0o tbove. aWhes nwdstutdistpreszat dyrin
met al nanoﬁparti cles with nean particle sizes of up to 0.1 pm whic
have exceld ent sthig dmentpsisieoibe mackage, andwispecially iethe adhestveplayes, dhes
are sintered at high tepperatures_of 200C or apove. This prior ant is
described’in Pat’é"ﬁ%hér&cgg@ﬁ@%s E@*‘i’:ﬁe‘; ode surrpyads the @@@Q]adThTég sealing

conventional nethod for ensuring a high coefficient of thermal,

conductivity of %E?aﬁ gf%?&,}@m% ng‘?ﬂe\‘?%?nhi hc’iafc’]lfq RFF&P‘)&Y Qpfkadrin the

particles with } coefficient of thermal conductivity. It has .
et

al so been atte 0 increase heat conduction and ensure strength

at room tenper at pagdKuksi @ [ j I : 5101
conducti on 10pat-w; b :Srlrlet all Ff){épgfg%% tr?igg an%hngi gﬁral%%?gﬁ%gﬁléér% s.BF%e
Conduct i-vi) adhesgepeisodipkety idegicBEhad MaRopaistalteSa agiohk S praddiémJand
studied. Citation List Patent Literature [ 0010] [ Pat ent

document 11 Japaieekwicilnéssue; and tRetefnt Wopling atgents ®adip| énaploied e,
2006- 073811 [ Patent document 2] Japanese Unexam ned Patent ]
Appl i cation Publ bensing nofNsempndusiop sdampntst erd o conshictod] supnmutieg e
Unexam ned Patent Application Publjcati No. .2005- 093996 20] Pat ent
docunent 4] JapaRER@thERARM fﬂai‘%‘ﬁtfeﬁﬁnlbﬁh%dﬂi‘]@aﬂﬁhﬂndé%& eenadiat

No. 11-066953 [ Rat d nt 5] Japanese Unexam ned Pat ent
Application pub|$§a§%18ﬁgr%ﬁ£ggooe- 083377 Summary of Invention
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of silver particles for silver partic I ng wei s of at |east

95 parts by wei dhigh hentodiddpaton @ s heromebrecthed updranhd Vtalfi %0 of
Wm K or greater, which is required for 5nmdern power |Cs and LEDs.
[0012] When the sgngemdystort devieess il addigono giet coryentiona asqurements of
stringiness occurg during dispensing due to increased viscosity,.
making it i npossichrbilgy ipg berdingsigagthi | Thyt 1sapoxsntmfind sakugions
n f | vent | I ran n il r obl
ot eoi20°%" Y& 3R e TR 398 e 2 oA oF Comnecling Miatoriale

with both high bonding stength and a high coefficient of thermal

conductivity, for nse as bonding agents for bonding of heat-dissipating

members (lead ﬂameé) 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



10such as reduced bondi ng strength due to void generation or to

resi dual solvent. [0013] Wen a PKG such as a power I1C or LEDis
nounted on a board in a nethod wherein a low nelting point netal is
used for formation of a heat conduction path by nmetallic bondi ng and
metal lization with the 15 adherend, it is exposed to 260C in the
refl ow furnace, but depending on its thermal history the joint may

snr 50, €Tl D TR B ST R AR SPRFEBAAER g of

possi ble to avoi gyt r.ofl : i i df, t IS
i ncreased for pr &Qtqur"ﬁg’o%{)ﬂfla{ #%G%%%%%@é%%tﬁé] &)gopggﬂrfésr c'%ilgvgﬁ&%?{]d a
| arge amount of gt Fue pRfRIECAre \Riterel GF h?gth,tbﬁgeﬁﬁ%%fyo °C QORI

di spersion stability for the metal nanoparticles, and application of
a hi gh tenper at uTkRis@kioatrt iedsdcride0 & Pitenr dovathcdechSeforeReRgkary for
sintering of the netal nanoparticles. 25[0015] It is therefore

an- obj ect Sof the[0908kdhe conventiomal methodofirdensaringnmedgh npeffrtienti of
that has a high coefficient of therma] conductivity even when joined

at a curing tenpdeEn eonsuchivitihiod hendingazeeatoinviatves high 4lling ofisilyar of
| oad, d that h ffici b i t.h Wh d
roduct has boorPHOGIRdvith G388, CORUiE O BeAA MK Y or Lt s 0
| oyi it. S i t bl 0161 lL,n. light, of th bl
Goer) bod above. e tmBed eoiofihe R Ebpoteinrciia dsuirt ey ot om

conpri sing metal .l i | I

Chan 159 36 moast st Egte s Bing My 36150, BEXIHLAh B0 Tuff hoAt Engléitcn
connecti ng mat e&;beﬁhs h§=55 Befallih b%ﬁﬂinfg' %h&nfneﬂc{]liéé)_édﬁﬁf . CEnpagkiivd ty
even when joined at a‘'curing tenperdature of no higher than 200C

wi t hout appl i catadhesivbs emplythg aieth! hasoguiidlecarendsdissigl tadidr engt h
even when the cured product has been heated at 260C, as well as a
sem conduct or deCiteBordpstoyi ng it. [0017] The netallic particles
are preferably netallic particles that have 15 been subjected to
treatnent for reRwigat Liferatideoxi de filmon the surface and surface

Lrag?? clo siv“;tehgfat@ﬁéi ot doctiienl 1 @é%e%%&%ﬁéﬁ%@gépﬁ%ﬁgamm
icle s c prereraBid os
i gher than 200 SeBT RIS BIELTT Ny vt o7 al of the i nvention

preferably furt h@geiLeMRbbsEen? '?é?hh@secoﬁﬂé}%ﬁﬂhep PQ{eﬂf]eﬁlﬂaglicaﬁon

conmponent. [0020] The invention further provides a connecti
mat eri al conpri sPitlicatibh pez0(@B02834i 1 ler (B) and an additive (C),
wherein the filler (B) and additive (C) are conbined in the sanme
wei ght ratio as [Hatemeidgbumenit | 3] | apahtdee Untwpedhed g Pakher iAgplicatich
the coefficient of thermal conductivity of
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25 Teehnical Problem

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



t he conpact obtained by hot nolding is at least 40 171/ m C. Such a
connecting material has an excellent viscosity for manageability, and
allows the coefficient of then-nal 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 term"coefficient of thermal conductivity” is that

reashred by 1he SRR ATCEIRE I LOSTRRATDE e AR S
o 100 parts by yehalioobey eyl DU 1ahéY nd kO Ao TNE ST Al

still further provi m cond redevice having ructure with

a sem conduct or i F eORdHaS 'lﬁnﬁfé%}ﬁ“ﬁ }

supporting m%ﬁ%@ﬁgggﬁ?glgg%lﬁggfgﬁrough aré&;o nec% g nmggg%oa?mgﬁc
the invention. Atwandlagedustiity 20 W/m-RYentgreiter] SHRIERAL rAgiesdlifag
to the invention, it is possible to provide a connecting materi al

that has & hi gh moddrhipomeniCoind BEDsal conductivity even with bonding
at a curing tenperature of no higher than 200C without application of
n 1oad, and that[ORkE] e e silven paricly fillingewgight ds éneredsed, stribgivesed
product has been heated at 0C, .as |1 as, a senjcqondugtor 20, device
enpl oying it. SRS 6&‘&@& SPENHHE e P8 T alncksased; Yisensilyyseaking At
conductive connggtin erial . conductiys. adhesi ve or ,di e bondi.n
material . Brief q@’é’éﬁ?@? f%ﬁ“%‘?%?%@%ﬂagﬁ%zﬁ"é}c& a Jargg gmount o
schematic view } Lcl bl | i rti

wth a small oxi%f(?}a‘;@:t Fgmhgﬁedtoﬁ’;hglgr%ééelﬂé% Hgaéﬁﬁéz;@aem%ég%bg%g?g%%%&ﬁt
treated i)t h a ssueh 36 SediscRl [ gﬁpér%m L 3R i '

vi ew show ng the s{latg %% tﬁfebhﬁgl%al I pg{rl% F%Iaégi %&hlgaaﬁl@nﬁﬁ@?@ffhﬁl
with the surfacesojventecti ve nmaterial detached and the netallic
particles sintered together. Fig. 3 1s a schematic view of
metal i c parti clj8813hihearaeP%6t suichizs aypowérdCesr BEDtE meovintedjen asbodal
filmon the surf.ace, éb?) t have been surface treated with a surface
protective mat el me a.W]lPrP@ mloye mekiing poip awtal nowsasyfor Hermatinreob
the netallic parthcl es shown i th, the surface protective

mat er | aIOI det acﬂead $aktC _ ??P%qhﬂgwg@i%%ﬁﬁ@g@@f JRE Itza' gn pith thel

t t )3 [ t , t
That “are et al | Aokl i Dol RPEITL et (BHo) fecR, b abgin, °
treated for remgalnofeil BUSACheONIEE sy ThaliboSHEiaiRg! HAALAE 1

with a surface protective nater
impossible to obtain connection reliability.

[0014] In methods wsing 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 least
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 material that has a high coefficient of thermal conductivity



Fig. 6 is a schematic view showi ng The state of the nmetallic
particles shown in Fig. 5 wth the surface protective materi al
detached and the 15netallic particles sintered together. Fig. 7 is a
schemati c cross-sectional view showi ng an exanple of a sem conduct or
device according to the invention. Fig. 8 is a schematic
cross-sectional view show ng anot her exanple of a sem conduct or

devi ce accordi ngykR Wwhéen | &Ynﬁﬂ“éto? bﬁmferbfoﬁ ﬁﬁ@%@ ﬂngﬁa | c

[ 0026] The connecti ng rra eri al e |nv nt| on conpri

particles havi ngm&mwap@hﬂaﬁdrﬁbﬁaﬂaﬁd Gndf thhehss édfﬁaleﬁ’é%{%ﬁcﬁng'%ﬁéﬂgtﬁ
by X-ray photoel ectron spectroscopy. [ 0027] The oxygen te
rati o in the neteabhiwhemilted cired pirsdyut dfaertabh \hehedsat2Z6096N ad Gelhas o
even nore preferably |ess than 5% [0028] The X-ray photoel ectron
spect roscopy anéﬁlylmﬁdlﬁg@d dﬁwebmplmgltexarrpl e, an S-Probe ESCA
Model 2803 by Sg? aqe SCI ence Instrurrents and a arrays may be used
as the irradi at 9lslon{a Prahlem ent' "state ratio" is the

fﬁQCigf [52“ Liﬁcﬁf[g‘?leﬁépﬁg iﬁg S Peblend dowlhes @Ebﬁ?‘%}ﬁ%‘ﬁ%’pﬁ mlefav e °
The oxygen st at & cARRElE Hye o @mning ool Tkt el SRy
phot oel ectron spgeed HAREORY 1b& Afni 1 f] fg]n)%.g%rédzogzl?;gﬁ)gz}h& e%nfoh' m

on the nmetallic particle surfaces, es used
mey be any of tRgedtARwEpY.y PaRis LOnndoeihgeHRRRI:E, hafRORIHIEh L8P ofO"
gold, platinum silver, copper, nickel, palladium ir al um num or
the |ikelfray be theem] condustinty ewnathes Jmedlaclaewrhﬁg’tém@dﬂﬁﬁﬁb af epe
or in conbinations of two or nore types. Silver and copper are:
particul arly pr&igher dhenr0°Chwithpefrppplination afostlpad snd has aufficient
conductivity ang%qsuer mal c ducti vlity 15[ 0030] The netallic

particl es Eref e ghét&%ﬂ a‘T‘YEEaW eie | the qured; RW dusét haschean hﬁﬁﬁfilaﬁrﬁd
50 W

Itengmto btg hingbﬁ‘L%ﬁSI‘ge%ggﬁﬁ%g:gnglrc]tﬁ’?@%‘{l H&;)‘I grr; tcgflél \tMo have
conduct tvity. - 20 GoR iR Bficfes Y eFAREbL IERIE bt s ot have

metal | i clparti Chesn Sibljbctbd e pRRaaRns Bl B%8l SOhE R ‘Pﬁeé

of the oxide filmon the surface and surface treatnen WI a sur ace

protective mat enhdburfpORBedimdht With therfeapiedior nidibgal. t he effect of
the invention is obtained by using such netallic particles is not

conpl et el y unde[@}18ddlhe meanhparticlessine afrﬂlemeuaﬁloof)ﬁlercldshﬁ prefer

expl anati on basgd on the . schematic views in Figs. 1 to 6, [003 ]

First, netallicopracncddsiumiand 30 prmlandsthey avep ebrablyfmbtalhct pattickeav e
ith . a surfa otective material, presumably

b f t

aregnl ﬁu{ hgcgonaﬁﬁe&ﬁd BQ\AI?-‘EIW ﬁa&%%@p That is, a miniml residual
de f 2 t t bul k V\:h' le th

orotecti 0 5  miRUISIoe WpheTiog, wbtd ot Die, Merfionc Breah Guver

than the oxide EhlBices a volatile component or binder componernt.

[0020] The invention further provides a connecting material comprising
a binder (A), a filler (B) and an additive (C), whexein the filley (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



[0034] In this case, heating at no higher than 200C causes det achnent
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

iSESJJE it 3!d : iyf’eﬁé‘%&h‘?&ﬁﬁaﬁ%@?ﬁ%}%ﬁ?%@?ﬁ%ﬁ%ﬁ%ﬁé%@ é&%%ﬁ%%ﬁ%&"&e%ﬁ:
2 as shown' i n'F 90 T SherTEI ot AN oRethip R HeohEBo0kd ke |

detachment of th@ariiihaeS gﬁfgeﬁfﬁin material 1 as shown in Fig. 4,
but since the surfacesﬁfgf OPhe metallic panicles are |argely covered

by the oxide fi |[r002.1{ gihetterin NBott@bIBe' tdiers 18 hahd tréathnt he | 8P CIRRS]
not easily 20occur. [0036] In contrast, even in the case of netallic
particleswith ahéuwrafteromelding td the2presdrited e andethe teroat'eckfficent of
renmoval of the surface oxide film2 and have been surface-treated
with a surface pibetmeh¢opduptatity’i ialthatmeeagured bpadhe siedisodvdescaibed iw the
oxide film2 ish%reaint and the entire 25surface of the bulk nmetal 3
is covered by tHe5®&fce protective material 4 as shown in Fig. 5

5 S8 e L Ui R RIC el T R A
exposur o of |t ho- Weiept iR 3bert 65 RN B\ Blelhy of g WIS L0 e
surface ggntact S[OOQBPﬁgem%ﬁﬁdfr? sels gﬁ%ﬁgéroﬁdeguﬂ%% I?d&flc%& devi%e

particles thus pronoting sintering, m ng netal bondi ng paths
bet ween'" t he netkdvihg apanichet efith RBuehiichidubnr tdldRenttdhd fkeaicdhdidier
exposed surface of the active bulk netal 3 is larger than that of the
netal |ic particl@emeoht-Rogntidg suppotthey ehenbeprtendedbiogetiont drowgh i 5
pronoted to a greater extent, and an even hi gher 10coefficient of

t her mal conduct i ¢anngcing wategiahefithe[podrionThe present inventors have
al so established surface treat t nmethod for netallic particles,
wher eby t he am)u%a"ﬂtagﬁ‘i‘ ffFFfﬁggEn‘(ﬁgl%t allic particles is reduced

et il o ar i ol SORE AP R R, ROte SRRl eerdrtine
0039] Fi , ' 4.6l .0 bdi J
[ whi ch 1 he' surTasaen vt baf bk CRAALFAICRES ARALHILY 3% St

and the oxide fiBdadige e \apnphichihesdrine’ iot‘f;hlo ﬂghe?%fiécﬁﬂ@@%ﬁﬁfohfm

is carried out. 20- xt, the Solution i1s filtered to renove the
netal lic particlapplicatich felvadhendtint beesudficitationdingstiaigiiabvey whei d
conponent physically adsorbed on the netallic particle surfaces is
washed of f with thesuradgrodudtthasbetnbeated paR60%, @s walbas heemitondactor
under reduced pressure to renpve the excess solvent, to obtain

net al | i c_%art i cl ¢ayien empleying Bat Such A cenoesfingonateria] camba onitabie msed

oxide filmtreatnent s..been perforned,in an acidi solutio .
contai ni ng no suf¥td %Y%EQW{D‘?Q{‘% srial qqli%ﬁ@’%&ﬁ@@"ﬁiqr G
process, the rreé%%{#é particles becone aggregated, potentially making
it inpossible t "n powder-1like netallic particles having nean

particle sizes eﬁ*i@h)tegcrgé}‘forfgfﬂr sbef ore oxide filmtreatnent. 5
ectrve

Preferably, a surface pr lal is added to the acidic

solution‘to preveubspee. adatd fheffatic oWt FhdthBicRRAfidlE! Bon A fheldifc

oxide film
25 perticles with a small oxide film on the swface, that have been surface

treated with a surface protective material.



renoval and surface treatnent are carried out sinultaneously. [0041]
There are no particular restrictions on the acidic solution, and the
acid used may be sulfuric acid, nitric acid, hydrochloric acid,
acetic 10 acid, phosphoric acid or the |like. The diluting solvent
for the acid is also not restricted, but preferably it is a solvent
Wi th good conmpatibility with the acid and excellent solubility and
di spersibility fqQr the surface, protective terial. [0042]_ For
renoval of the oiiZle T & RUREicoHRWePHIHAEGRC state i the Mstallic pretialae

acidic solution js prefetahly .at . east 1 part.b ight, wih re ct
05 100 part's by SRvBh B8 ool e et sy mbiart! detaches and Hhe
preferably it i : : i.ght when netallic particles
with a thick oxf%g{afulh?ﬁ@hggggﬁﬁ%ﬁ%%%h the acid concentration is
too high, an excggsh\ve,pRitcfiedRIF fiicnarifdedy j ;d%??
solutiaon, and it is thgr ef orecg{%f erg\gﬁ}tghﬁa) gr eg%???ﬁgﬁetg@c ar %le%y
wei ght ands Mor e withfelapt vxile fheahcthelfgfacdOhRehide BenRirgke téited
prevent aggregation between the particles. [0043] The surface
protective mat erwih a suface peotedtivg matexdaipound havi ng t er mi nal
fimetional groups with satisfactory adsorption onto the netal
25surface. Exanpligs 4 isch ackensiepdiewdshoming thy dtatpf the aretailiy Iparticteno,

thiol and disulfide groups, an onpounds with thiol groups are
preferred. Usingd F B B tgpétl@”m potestivermalerisldeignbed dng with

reoxi dation and particle aggregation. .In.order to, nore fully prevent-
reoxi dati on of tﬁ@%‘t‘ Plﬂagl?‘i}%ﬁ{qaéf%? %%“@&36%?41% cont anmi nati on of
excess organic eki:al., i: . he. co nd. i

pr ef er abl l$}aone @% %dglﬁ Sgﬁﬁ%tfﬁl&g%mggjllrﬁéfrs?gug%sc%gﬁg 1mn§%1'1§\ﬂaﬁrzcles
dense packi ng of t i hal g e
nore preferably \%‘2%&9{)@% ﬁ&ﬁdﬁ%?ﬁ%ﬁﬁgﬁéﬁéﬂ?é@hﬁéﬁ& pagﬁftr}]lg%ggg‘?ﬂe
i nternol ecul ar feride fibatandanfacs heded hathnssurfREProteiiicathtegaldl t he
metallic particles at a | ow tenperature of no higher than 200C, the
nunber of carborFigt 6nis 4 sclpmedtier eiblvyshowigg ethe atatd binhd thesallit akticloe
detachnent tenperature fromthe netal surface of the surface
protective mat ersbawm in Big. Swvdtinthe smrkepipsstccivemepiah dstacbed ayd the ol

groups havi n .15 st ai’,ght -é:hai al kane backbone as the nmain
backbone f°ncl ude™ parfeley sigpged tagelespyl . n-butyl, i-butyl,

t - butyl, tyl d | whiech h ;18 b t
o onnt anecor oy SR B Frishdlaid ci Secricnl S SRR 3h: Kemple of a

t | t i i i ) bon at ors, h
2s oyel opentyl - EPEEIUARSLERHAIAOE lRrdof S 0o [0045] The
concentration ofFighg isHiEiRGeaR! Q@bAMEnARESH 'sﬁﬁwhgn&ria&e%k%%ee%ga O

solution is preferably at least 0.0001 part by weight wth re
100 parts by vvei@hﬁcasdudmd%@iobraecmirggm@@iwehgam, to prevent
aggregati on between netallic particles, and it is preferably no
greater tMan 0. IDesripthfbyf Beibgidimentspr event excessi ve physi cal

adsorption of the surface ) . ) . .
[0026] The connecting material of the invention comprises metallic

particles having an 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



protective material onto the netallic particles. [ 0046] The
proportion of the netallic particles in the connecting material is
preferably. at |east 80 parts by weight, with respect to 100 parts by
wei ght as the entire connecting material, for an increased
coefficient of thermal conductivity, and nore preferably at |east 87
parts 5 by weight in order to obtain a coefficient of thernmnal

ESFSFF“ " e‘éf‘i?iaa{ as[egf{f%%g% HECA ngtodl ﬁfétﬁih fw”%ug%t“r&%f of
[ i Q9

wth r'eipﬁiitlﬁ 1%361'1%15 ﬂb{ﬁ?@ e a5l P eliRie ™ e
mterial, and BRI QiR 0 %ffeo@ﬁéttggﬂﬁtv‘%gft

for |nproved nanageabl? I't the di'spenser or

vol atile conponepkadisie §2@1‘ip1bh%nﬂ Weiﬁltﬁler‘fa’lﬁc r&@fcuPcﬁéd 'lﬁﬂig,aiﬂé/relatwe
restricted so long as the retallic particles becone sintered when the

mxture widh thesengitinityi cogfficienc| povided béfn thaibipetadst Bagkd on the
prescribed 15thermal history. Exanpl es of volatile conponents

i ncl ude et hyl enciglopsty oilithd cderhent, eTthoetyggi ywtae yahienyf the heetallic
di et hyl enegl ycol net hyl ether dleth | enegl ycol ethyl ether,

di et hyl enegl ycoIPEM]@I?F meaneed my| @thl HP@O@mOPPYes Iﬂarmdex of
5 5 gl ol ggﬁfﬁ‘ﬁ o e ‘M&“‘% gt
et her acet at ey ?ﬁkﬁ‘g %#H%u y }SB@EP%%S%@%?%%%{ eg’%ﬁr’e%@%ﬂ:ol

ethyl ether acetgikke], Phl%diﬁﬂne”ﬁﬂ' YRRhinBHE ¥F & ﬂfé& Iﬁ%?”oétt.%eﬂ, and such
propyl enegl ycol propy et her dlpropyleneglyco | ether,

di propyl enegi ycahemlm'%barﬂtl&e maydbeprieedyd] e ot Mmmms SR ¥R or more
di propyl enegl ycol t et her, di propyl enegl ycol dinethyl ether,

tri propyl enegl ycwpesretfhwel enﬁ&npperralppamdu@]bgpmfate(hﬁmﬂnylvwwpmnt
di propyl enegl ycol _ net h&@get her acetate, 3-nethyl-3-nethoxybutanol, 5

ethyl lactate, Hefispste é&aéw@d%wwsné&%mlc&amémmem
i et iyt Bl Foxd R30H The el phcton E‘qﬁﬁaé‘x"w%%eﬁéﬁgﬂeemzes of
o- chl or phenol °¢fét$«8§1{"0"1€p%’%&t5% wr%mﬁpa%uaxg S8 0.1 pm the

. N, N-di et hyl ace

N N- di met hyl f on

rnonogl yne, di gI@ oggé\c{zsgﬁn%ﬁ‘fﬁene %ﬁ@n{, %@gp@k‘?ﬁ@ﬁf%@“@e one
met hyl cel | osol vepm_ctehd @5 Bhve ]2 Kr@i‘dﬁ beay@drpﬁ@ﬁalee raﬁdamvﬁ B@efﬁbﬂéﬁt of

[ 0048] These volatil e conponents be used al one or as m xtures
two or nore corrﬂﬁwm&l&oaduatm@ssary For increased thermal

conduct i vi ty, the content of volatile conponents is preferably no
great er t har{OQBI]o&“hc snmllmqaagﬂmlewmdpm&sdﬂym&t@llmmmdcs thabhave
wei ght as the ere}QFI onn%1 cting material. [0049] The binder conponent
(bi nder (A)) us fedita Jesatment fopramevad of heprgdafidmpn frestrface

conmpound or its ecu sor i f. ,.necessary one or noye conponents
such as a reacti gﬁ{eagréelgml%sg tprotgctlve materai

[0032] While the reason for which the effect of the invention is

obtained by using such metallic particles is not completely understood,
25 -, . the present inventors offer the following explanation based on the

. schemafic views in Figs. ] 10 6,



20 curing accelerator to inprove the curing property, a plasticizer
for stress relaxation, a diluent for inproved manageability, an
adhesive force inprover, a wettability inprover, an antifoam ng agent
or areactive diluent to | ower the viscosity. There is no problemif
t he connecting- material of the invention also contains conponents

ot her those |isted 25here. [0050] The organic pol ymer conpound or its

b therr pr acur 8P RSt s BTl Wi AR sl A e R

resins include 5

Cyanate resins, SenpHER %rfgéﬁrlﬁo?@"ffﬁﬁ%ﬁ%f B iLR, pERLRRR g ¢,
pol yrer i zabl e etiytheiohdRionaeHaa: RAERON dopit g bQ@ﬁﬁuﬁé{thsgﬁ Po&kMe! C
resins and naleimde resins, or epoxy resins, are preferre r?

excel I ent heat rfdsi 9 impﬁ:saﬂ\‘.doﬂclheshtﬁl@ métal 3f ayhifdHeY b@iface protective
manageabi l ity since they can be used in Ii qur d form by using

appropri ate sol veategal Thevars thesbulk metyl Henssetthmal afher than the oxide film
conbi nati ons of two or nore 10[ 0052] When an epoxy resin is used as

t he thernosetti resin, it is preferred to al so use a curing agent

andI curing accejg@g 0. t&lshgq,eg Iﬁrg%zbgl}ggh%r i@@ﬁg&sgﬁ nd vvrth
at least two ep ¢ B

[ Tke. "and epi chi% %‘?ﬂégrrﬁ’%@eﬁr%eaég% SRR swgrm%@pega%ﬁ‘s’rrstof%he f
Por e chony. o oot e Ry SueAa% L0 SKaRNORIPOAE Y hitoBlce

nore epoxy groups 1n -t exanple Sheno
A-type efoxy resbhifacty RRKGRE1 agdgrfiaReopiotheahh e

R- 301 (trade nanme of Yﬁga gﬁgr?ﬁé’go%’? .,OP oﬁ?r g%ﬁ:ﬁ{et%r gh 3
name of Yuka- Shelrbmbfioxysifiering) b )fbrma{ mesazhmmg amehemen the
resins .[YDF-170 (trade name of Toftto Kasei Co., )], bisphenol
AD-type epoxy r énétalic] pratizles. (Th@aenmﬁMmgahaMmhcmmﬁ’mmglsanhuﬁ&talhccal
Co., Ltd.)], phenol-novol ac- type epoxy resins [N-73 OS (trade name of
Dai ni ppon’ | nk am@rt@leﬁwear@a lyhas p highi cagflicieatoDbeongliqoaductivieen

e e of MR SBR PEE T h pe o
e BT R T Wi S

Dow Chem cal Cor, r R I cal
Co., Ltd.) and %zsﬁ%??%ﬁﬁéﬁreﬁéﬁg%@?@%%@@ Fﬂ%ﬂ T s
epoxy resins wi tdeta%hﬂeahbhﬁkeenﬁatea?ka@m B8R0 3 %s(shodsein@ge 4 Obut
Dai ni ppon I nk and Chem cals, Inc , alicyclic epoxy resins

[ El - | PE- 3150, CElnc20he s@rfaaeleoﬁdmenmtalﬁ?alpeimﬁélﬁﬂﬂechfgdlm@mfeddﬁ/ the
Ltd,) and DME-100 (trade name of New Japan Chenical Co.,

al i phati c epoxy fidm[ Jy sioBripgrhetecomnthe ufetaliov paaticdes dhmmcrabaeﬁ]q
Ltd.)], %r&none type epoxy resins 10 [ELM 100 (trade name of Sum tono
Chemi cal LIOGCYL. Y1 | -434L (trade name of Tohto Kasei Co., Ltd. )
TETRAD- X and TE (trade nanes M t suhi shi, . Gas & Chenical
Inc.)], resorci tﬁﬁf@g@ SF,eféﬂiﬁHslﬂ[ NeaeoT pyetollic parfiglas Witlha lgrge

Lt ﬂ’?g‘déaﬁ%@%ﬁhﬁh nﬁaﬁﬁ%r‘ecﬁ%%%%"ﬁ Y B Pt i g eade

| | - -
?:hgfn'ocalt ZpeLtego) yI engﬁpr opyféﬁé’e‘%’r %vﬁrﬁ?a)e/pe B %te?@@eaﬁﬁtenal
[ DENACCL EX- 810m@c&ﬁ10 gﬁ@icle%%hef%&lno 8<§Qde i 281%1 &E&te’ﬁ‘i‘d QI'EJ gﬂﬁre

nanes of Nagase Chemcals, Ltd.)], epoxy resi n represente

the fol | @i ng 2Qtefhee bt Bulk kEAE RaovERABY fielsdnfab &itfve rAaterial
represents an integer of 0-5), [E-XL-24 and 2-XL-3L (trade nanes of

M tsui Cheni cal 9 adshown in Fie$ earchoadytainedi ns may al so be used in
appropriate conbinations. [0054] The epoxy resin may al so include an



Loos] Commercially avail abl e exanpl es of such epoxy conpounds incl ude
PCE (trade nane of N ppon Kayak-a Co., Ltd.), PP-101 (trade 10 nane
of Tohto Kasei Co., Ltd.), ED- 502, 509 and 5095 (trade nanes of Adeka
Corp.), YED- 122 (trade nane of Yuka-Shell Epoxy Co., Ltd.),

| CBM 403(trade nane of Shin-Etsu Chemical Co., Ltd.) and TSL- 8350,
TSL-8355. and TSL-9905 (trade nanes of Toshiba Silicone). [00561

There are, 10 PenhE B hEPIA A% D AERRIATTO0C HokhE SR
b v P 0 | L S, bt VB3R, Gl Moghe M S,

Chemical's, Inc.) azrtuﬂéé XEM%FFI ne| rd%ﬁﬁﬁﬂgaighé}spﬂsﬁ& bfhe RO fieade

nane of M tsui emcals, Inc.)T, special resins represented

by the 20fol | owidetivé chullyimaetal B) and thehesive adurfaes reshtactd with( Meesaive RL
represents a Cl-6 al kyl group such as nethyl or ethyl, R2 represents

hydr ogen &r a Chuéfedskyf gthenpmsialiic qmrtrdtm)thux)rprembtahg ginttring, and
represents an integer of 2-4) [PP-700-300 (trade nane of Ni ppon
Pet rocheni cal s @Brming; meyal bondpigepahs betvagentbe metajiicapediclasi s@u@m@
F, A AD, di cyagﬁl amd di bagi.c aC|d hydr azj t?x s repre ent e
the fol | owing f W'LHIEF,( ¢ pyea p Xpase 6\11#%9%0 ecﬁs%ﬁwmhukmeta ci

1N L 0k WALl e BBt AN o BIEL A oRIChRARA"
branchedcha v sty il Kk R0 80 SR G, AGHE GRS

conposed [¢f rea%bﬂibl&ft%@‘t’lférﬁx@%ﬁiféﬁ%%%%ﬁﬁn@ﬂ!d ami ne conpounds
[ NOVACLTRE (trade nane of Asahi Kasel . These curing 15agents

may al so be used0038]aPhe ppasieat Bvemok hatd ﬂ@@ esﬁﬁﬁ’ﬁﬂs}i al ha-feentenhesf
the epoxy resin curing agent is preferably 0.01-90 parts by weight

and nore pref er anethod for Betatle partislesyehgrebyvthe kmoaap ef bxide flfDopHret s
by wei ght of the epoxy I‘QSI n. If the epoxy resin curing tlqugent cont ent
is less than 0. dacialicipasiiclae #SgFﬁdUWﬂaOtGﬂWiqtﬁﬂb';ﬂlmmteﬂ teaxddason

reduced, and if ater,than 9 arts_by. ] scosit
will increase, tagﬂd?%g%ail of o they metallic Rgeioles st PIE%F@TGg Tipigetnetho

connecti mat er, ntion nmay al so contain an added curing
IR T

accel era I'ng accel erators include
[0039] First, the metallic particles ate 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 - Next, the solution is filtered to remove the metalhc particles, and
then the surface protective material or acid component 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 obfain metallic particles surface-freated in a dry

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

10



organi ¢ boron salt conpounds tEMZ/ K, TPPK. (trade nanmes of Hoick

Chem cal Industry Co., Ltd.)], tertiary amnes or their salts [DBU,

U- CAT102, 106, 830, 840 and 5002 (trade nanes of San-Apro Ltd.)] and
i m dazol es [ CUREZOL, 2P4 MHZ, Cl7Z and 2PZ- K (trade nanmes of Shi koku
Chem cals Cmp,)]. 5[0059] The epoxy resin curing agent and the curing
accel erator added as necessary nmay be used al one, or several epoxy

Conbinat 1 on” TegongieRn Eort bl pBC GRrE Bl e Brar Tothe eeids Blper
than 20 parts b efﬂeg%h,scg%ésht dﬁeﬁl%ﬁﬁ@cg il habhe %qr%@z{t@tpo%mfaﬂﬁ

epoxy resin. 10[ 006 oun yneri za

car bon- car bon_ddis 9 BolblBgoLGf géxrzaélﬂﬂté"gfé‘ﬂélhe A0k Ugving

acrylic acid ester conpouhds and t hac I C aci conpoun
and there may benemepartiolepsingidsy liail\ttb e pRRicks tefhe agidy!fils e QRS OF
met haci ylio groups in the nol ecul e, and preferably conpounds

represent &d by @mefetahly,ommg?acwromuvama(tm@l-xg Xtddd to fheosidic Gompionnds

represented by formula (1V): [Chenmical Fornmula 4] (1V) (wherein
R4 represents hwrna'g‘é@ntoagae Ryof ghe metallinpaicleapred dhe oxide {ilm
20C1- 100 and pr ef era Cl- ival ent ali t| c,or_aliphatic
hydr ocar bon gr o™V Hﬁl’g F‘? cament g cairie E?“]@WﬁB Mds

represented by f[gglﬁa fg@égg\%?&gcﬁmﬂg?@fr Ig%ueopgo ngsgs %Pli s rret hyI
acryl ate, ethyl % r

soat ayl acr yi ares MG MHmANY %ﬁﬁﬁhﬂe%%n‘%‘*ﬁ*cr?%%ﬂﬁ o h%écé%i%t 3
' 2-ethylhexyl age, ?h@s Hmyacmi ﬂ@!&e dfﬁa/mﬁﬁﬁ {v%nt fo’i‘%ﬁ@%ﬂd is

anyl at e, - | anyl acry tridecyl acrylate, exa acryl ate, ate’

aryl 5 acryl at calsoumtsbstﬁc&ﬁ butytirafeeably yick alve kst Wiﬂly d@idesomh }1&@&(1 |
acrylate and tricycl o[ 5. 2. 02A] decyl gcryl ate, and rréet hacryl a o

conmpounds such agﬂnﬁtehwd rorrexepllent solubility| andedikpersipiliy efor threopyface
nmet hacryl ate, isopr op‘?/ nmet hacryl ate, n-butyl nethacrylate, isobutyl
net hacryl ate, Proj&ey c%ﬁ%r ylate, anyl nethacrylate, isoanyl

eyl e SR A s e AL e e e
et nacr st | SRARa ARACS HEb B A TRVt P
et 1oL, CShORRSTY RS ot LRSS BANG Ll
represented by fpaieas % Yhits biEhesibbelvhr mBwlic PhrtideOwith 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



(V) O (wherein R4 and Rs represent the same groups as in formul a
(I'Vv)), 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 Formula 6] (wherein RI
represents the same group as in forrrula (I'V), R 6 represents

hydr ogen, net hyl ymet hyl 'a R7 represents hydrogen, Cl-6

di cycl opent enyl Plﬁ#é%@} 0 %nﬁ a fHekape rEBFﬂﬁB@%t@a@ﬁlﬂ rfia8g BFeVERt
1-50), [0066] S re ted by formula (VI) include acrylate
conpounds such ﬁ%%@g%% oz} =4 Bt e, pol yet hyl enegl ycol

et hoxyet hyl Ryl ﬂg?ﬁ?@@ﬁﬁ@@@&éﬁy%@éﬁﬂe&{%ﬁéﬂ@’f*ﬁé et 8 parRt&s e
oy S et oy ¢ bt RAfRkSon JPORALY PRGNRUIMEAACMYER RRIKLE ©

di cycl opent enyl oxyeth acryl ate,

phenoxydi &t hyl ertﬂglﬂxe:@b uuﬂafee%repé}em?xwﬂelh@iﬂylae@@ﬂi‘ Y6 Bhaif CAlKhR ©
2- benzoyl oxyet hyl acryl ate and hydr oxy- 3- phenoxypr opyl acryl ate,

15 and met hacr yllzackbomnaﬁuwmg éamhpadaﬂg@fﬂ)dmﬁ@hveﬁiatdrmt hacryl ate,

polyethyleneglycol met hacryl at e, Iypropyleneg col nethacrylate, 2
-m et hoxyet hyl ~ni®0A4k ﬁaﬁl%qn ns;'enm;el prcétrhblér has dt er more carbon
2- but oxyet hyl et hacr o‘i §1t byl ene rret hacryl at e

met hoxypol yet hyl%ﬂ@ai fl}é cmi%tma fongs Hebyeenygarbon

20met hacryl at e, ‘é’ﬁ enoxyet hyl rret haeryl at e, phenoxyd| et hyl enegl ycol
nmet hacryl ate, ph ypol yet hyl enegl ycol nethacryl at e,

rzre Pﬁgg%: gi(get hyl -met ?81(;5%{6?{11% e ZNE %é%ic:fésp aqeanl%)v(yf)cgﬁ)poeﬁture of no
higher than 200°C, the number of carbon atoms is preferably no greater
than I8 so that the detachment temperatute from the metal surface of the

surface 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, -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
catbon  atoms, such as  cyclopenfyl, cyclohexyl or

20 cycloheptylmercaptanes.

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

profective material onto the metallic particles.

12



[ 0067] Conpounds represented by fornula [Chemical Fornula 7] ,-114
(V1) [wherein R4 represents the sane group as in
formula (1V), R8 represents phenyl, nitrile, -Si (OR8)3 (where R8
represents a Cl-6 al kyl group), or [0068] [Chem cal Fornula 8]

h, R11 and R12 each independently represent hydrogen or a
group, and R13 represents hydrogen or a Cl-6 al kyl or

phenyl 10group), e W f ; :
Conpounds repres[eo?i{:ﬂrg%j(Ttgl)lgl3 Pf)(ﬁ]rir}u?@aé(@ll an(g%l ?astljclle%c%ﬁ&a%c{ry gt?rleg
conpounds such asakentyd pagebBt & ledstCURpee b Wreipht Whith Sespect to 100
y-acryl oyl oxypropyl tri met hoxysi I'ane, gl yci dyl acryl "at e,

t et rahydr of ur f urpdrisc byl weight eisr thiey elitvpyeomnytings Yhateal, for an increased
15di net hyl am noet hyl acryl at e, di et hyl am no et hyl acryl ate,

H2G=0 CH O

(wherein Rt
Cl-6 al kyl

1,2,2,6,6, -
2,2,6,6, -t
acryl oyl o>§

10

15

20

25

pent
tra
et hyl

asesthyient pithenmial wondugiviyeand mote preferably at least 87 parts

T TCETN TRET A ERY RN
to or greater than that of high-temperature solder.

) For a paste-like connecting material, the proportion of metallic
particles is preferably no greater than 99 parts by weight with respect to
100 parts by weight as the entire conpecting material, and more
preferably no preater than 95 parts by weight for improved
manageability in the dispenser or printer.

-[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

thermal history.

Examples of volatile components include ethyleneglycol butyl

ether, ethyleneglycol phenyl ether, diethyleneglycol methyl ether, |

diethyleneglycol ~ efhyl  ether, diethyleneglycol butyl ether,
diethyleneglycol isobutyl efher, diethyleneplycol hexyl ether,
triethyleneglycol methyl ether, dijethyleneglycol dimethyl ether,
diethyleneglycol diethyl eﬂier, diethyleneglycol dibutyl ether,
diethylenegtycol butyl methyl ethey, diethyleneglycol isopropyl methyl
ether, wiethyleneglycol dimethyl ether, tiethyleneglycol butyl methyl
ether, ethyleneglycol ‘ethyl ether acetate, ethyleneglyeol butyl ether
acetate, diethyleneglycol ethyl ether acetate, diethyleneglycol butyl
ether acetate, pmpylene:glycbl propyl ether, dipropyleneglycol methyl

13



pht hal at e and f 3-acryl oyl oxyet hyl hydrogen succi nate, such as benzyl
met hacryl ate, 2-cyano-ethyl y-naethacryl oyl oxypropyltrinethoxysil ane,
gl ycidyl tetrahydrofurfuryl nethacrylate, tetrahydropyranyl

di met hyl am noet hyl nethacryl ate, diethylam noetl ayl

1,2,2,6, 6, -pent anet hyl pi peridi nyl nethandates nethacryl ate,

met hacryl ate, nethacrylate, nmethacrylate, nethacryl ate, .

2,2,6,6,-tetrarnet hyl pi perj di nyl .met hacry. late, .nmethacryl oyl oxyet hyl
phosphat e and mﬁ%ci@?@?ﬂ%@&ﬂ% ﬁ#‘i‘é{ﬂﬁ%%cfi rgpgensayeol Eﬁéy eﬁlcr,
10net hacryl ate ¢ h - acg | ox yl hydrogen., .
pht hal ate and Pﬁﬁ@?ﬁgggégggﬁ%k@ﬁ? ygﬁégrg@%hsgﬁﬁgﬁﬁégefﬂ¥ﬁg9%]eﬂm%
Conpounds repr esgnt&fi I : ) C
| e-=-01-12 || 00 P @@(%&b@?%ﬁt@%&%@’ r%ﬁ@éﬁ?ﬁg{@ it 1o/§§l§'flas
in formula (TV))dipidp9lehbglooloontibyl edier efebisd3hyethol-suhahéMbutanol,
I ncl ude di acryl ate conpounds such as ethyl enegl ycol "di acryl ate,
1, 4- but anédi ol ditlr jdcttis, bityb-lhetxienedbutyralactone| atepinkof)- ophmess ol
di acryl ate, 1, 3-butanedi ol giacrqutg, neopentyl glycol diacrylate
and di rner di ol mryvend,dibdimethpl-20aidazoidinphet anisndeptionethy] sulfbiids,
et hyl enegl ycol di net hacryl at e, )
1, 4- but anedi ol dﬂ%@%%ﬁﬂ%ﬁbﬂ%@%n%&sﬂla meeishinphenod, cellosolve
1, 9- nonanedi ol di net bacryl ate, 1,.3-hut anedi ol di nmet ryl.ate, = neopentyl
gl ycol dinethacﬁ??é%é and ?ﬂﬁhXEiﬁygsm%FﬁhcrylgﬁégﬁﬁFﬁgﬁﬁFmﬁmﬁﬁQ
Compounds repr e%ﬁ-ﬁﬂn&ﬁylff&%%iﬁe,(l X)sﬁlfolane, 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 incressed 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, 2 cwing 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
diluent 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 mot
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[Chem cal Formula 10] ( I X) 5(wherein R4 represents the same group
as in formula (1V), and 12.6 and b represent the same groups as in
formula (VI)). [0073] Conpounds represented by fornmula (IX) include
di acryl ate conpounds such as di et hyl enegl ycol diacrylate,

triethyl eneglycol diacrylate, tetraethyl eneglycol diacrylate,

pol yet hyl enegl ycol diacrylate, 10 tripropyleneglycol diacrylate and

I I I . di di | d h
pel o oY et Mol e Al LG OO AU 2
hyl I ' .
et act ) eneal Yool gl Bl SIS bt spsy s

ol ypr opyl enegl jodi ; MBS " ted by
P OB 7 i e 7t dii et C R TG

Il 0 ,0=0H2 O{CBEIHOO1- thé@% 0 dodipoutidhier eith Rpoly@msiReblY S dfiglefiene

?éﬁ‘r’é’siﬁt 'énhfygI cn:IéIifImz(ﬁIar ’mgfmrgoﬁl ioggg)sgigofﬁégﬁizéﬁgﬂﬁlrIlaleinﬁde

represented by frggigéfloar e(p><§)xyi rré(s:iInIsI,daererpergl_‘?CetrrIe%nfor excellent heat resistance and
adhesion, and for superior manageability 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 a curing agent and curing accelerator.  The epoxy
;esin is preferably a compound with at least two epoxy groups in the
molecule, and examples include epoxy resins derived from bisphenol A,
bisphenol ¥, 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 [ABR-X8501 (frade
name of Asahi Kasei Corp.), R-301 (trade name of Yika-Shell Epoxy
Co., Ltd.) and YL-980 (trade name of Yuka-Shell Bpoxy 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.)], phenol-novolactype epoxy
resins [N-7308 (trade name of Dainippon Ink and Chemicals, Inc.) and
Quatrex-2010  (trade name of Dow  Chemical Corp.)],

25 cresok-novolac-type epoxy resing [YDCN-7028 (trade name of Tohto

Kasei Co., Ltd)) and EOCN-100 (trade name of Nippon Kayaku Co,,

15



products of 1 nole of bisphenol A, bisphenol F or bisphenol AD and 2
nol es of glycidyl acrylate, and reaction products of 1 nole of

bi sphenol A, bisphenol F or bisphtuol AD and 2 nol es of gl ycidyl

nmet hacryl ate. [0076] Conpounds represented by formula (Xl):

5[ Chem cal Formula 12] DI H201=07?f IFt

(XI') (wherein R4 represents the sanme group as in formula (1V), Rl4

?Eﬁe ;ﬁdéﬁf ly f?%?@32%@%%@@%?9&%%%5 PP et adR e g @ég%?ﬁ“
1 | ir - 7 M
rSg?e?@ﬁ?egnéyyf%&jﬁ%;Ef?’&%w?’ﬁgggg;%ééfg?@eii;”g%g?ggﬁsigfgmﬁﬂ de
addi ti on productVGasoky $R&RPRAmE o Lﬁ ko Rudd eﬁgﬁng. r‘? ndA

addi 't I Sphe of )

di acryl ates of pol ypropyl ene oxi de ion products o

bi sphenol F or blé32Seftakle AametbfRtlashail Bpesy Tho. 15tdpg) WeSRE vy de
addi tion products of bisphenol A bisphe?gl )I’D c?r bid?g’h%lﬁ%‘? AD, gﬁﬁi

di met hacr i at es wdphffwlsner baokbenes GHPad32d(iidde amenps of Diisippbnbinkphehol
R el oL el A 00 S S ST
Sane. ofoup. as. | B HDECH] GRetierb IR Gl kind TV 400 feademams of |
' ndependent |y T oREGRPA BRSS! 18 S blihat SRy 289 TW-100 (trade
name of New Japan Chemical Co., Ltd.)], amine-type epoxy resins
10 [BLM-100 (trade name of Sumitomo Chemical Co., Ttd), YE-434L.
(trade name of Tohto Kasej Co., Ltd.), TRTRAD-X and TETRAC-C
(trade names of Mitsubishi Gas & Chemical Co., Inc.)], resorcin-type
epoxy resins [DENACOL EX-201 (trade name of Nagase Chemicals,
Ltd.)], neopenty! glycol-type epoxy resins [DENACOL EX-211 (trade
15 name of Nagase Chemicals, Ltd.)], 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, Itd.)], and epoxy resins represented by the following
20 formula (I):;

[Chemical Formula {]

(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 t net hyl si | oxanecopol yner,

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

bi s(met hacryl oyl oxypr opyl ) met hyl si | oxane- di net hyl si | oxane copol yner.
[ 0080] Conpounds represented by fornmula (M): [Chem cal Formula 14]

1117 0000H201- 13565 52 EI i (ko Bt Pt MsTcEsatials, Tne))
H1- 000CH CH2Q0G hf § o . RAL
represents the s’g‘r%égp gﬂ%f%gﬁ?%&;}{ %I?%Pg%c}l\%%p%%%&ﬁ#%?ﬂ?ménd Kk

each i ndependent[i0p54he epbky rBdie ded5 aleb idclate Gh c® y
1-10). [0081] Co[lr(r)pou}?lds fegpr}ésent ed 5‘tS)y fornulg (?Iblg? |ﬁ@loﬁggf}%ﬁ@

reaction. 15 pramdyctre eptxgi meshpbyn teachsélogula @elcibeatdilient)e Sudkdart o
mal ei ¢ anhydride, with an acrylic acid ester conpound or nethacrylic
aci d esterP conpoieEyheampepns mayr b yisedyrin up ramget that rves cndteinhibst e |
as their hydrogenated formnms, and they are nqot particularly restricted
so long as t hey IQREigE of g%'s%onaﬁ@h%mmr@l gF epngentinsy Aad pyeferebyr wup

7 1e 207l ectl et U, MHIOSDETD L, MECCA000.80 (bt rade
Compounds et nqunsky ARt S AR, GRS B aul b BRC
of two or more, include PGE (trade name of Nippon Kayaku Co., Ltd.), PP-101 (trade
10 name of Tohto Kasei Co,, Ltd.), ED-502, 509 and 5098 (trade names of
Adeka Corp.), YED-122 (trade name of Yuka-Shell Bpoxy Co., 14d.),
KBM-403(irade name of Shin-Btsu Chemical Co., T4d.) and TSL.-8350,
' TSL-8355 and TSL-9905 (trads names of Toshiba Sificone).
[0056] There are no particular restrictions on epoxy Tesin curing agents,
15 and examples include phenol-novolac resins .[I-I—l, trade name of Meiwa
" Plastic Industries, Ltd.), VR-9300 (iade name of Mitsui Chemicals,
Inc.), phenolaralkyl resing [XL-225 (irade name of Mitsui Chemicals,
Inc.)], allylated phenol-novolac resins [AL-VR-9300 (irade name of
Mitsui Chemicals, Inc.)], special phenol resins represented by the
20 following formula (1) .
. [Chemical Formula 2]

(1Y)

17



[ 0083] When a conpound having an et hyl eni c carbon-carbon doubl e bond
is used as the thernosetting resin, it is preferred to use a radical
5initiator with it as a curing agent catalyst. There are no
particular restrictions on the radidal 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 deconposi ti te ature af t ide is prefer 70- '
107 0084] Spec  APRST deaialh b Akl eiebp el iyl & ey, K
i ii gl 2( t eLL?gFBgﬁllgg%tg@é@é}%Qé% g?()fﬁ@ioalﬁﬁegmup such as methyl or ethyl, and
1, 1- bis(t-butyl I , 9.4 - ' J ,
t - butyl perbenzggéei?%%ﬁfﬁaeﬁﬂp rgg)lgd?éqytmgﬁgyﬂ%@%ﬂ%gé@grﬁf;ﬁ@ﬁ
152, 5- di net hy1- Deyodhérmidalit €bDEXDXBidHNABIF, A, AD, allylated bisphenol F, A,
2,5-dimethyl-2,5-di(t-butyl peroxy)hexyne and cum = ‘hydr oper oxi de,
[0085] Thé radi cAD, idicydrdiamidesntdasic acidr ditadedridesOréprdfnpear by the
wei ght and nost preferably ‘0.-5-5 parts by weight, with respect to 100
parts by wei ght éﬂomfmmlaﬂﬁi]:ght of the conpound with a

pol yneri zabl e 2 hyl,enic caJybqgn-carbon doubl e bond. [0086] These

bi nder corrponen&&’ﬁ%&}%g Oﬁ@Bgﬁﬁl one or as mixtures of two or nore
conponents as necessary. The binder conponent content is preferably
no greater than 3-30 pargs by yeight with respect to 100 parts by
wei ght as the entire conpecting naterial . 25[2&37§/£§arrpl es of

pl astici zers i ncNMleNeEFGHORTHG+REPHRBLI ene ¢ I'ynefs such as

|i qui d pol ybut adi erfe ( 1t CTBN- 1300 x 31" “and "CTBN-1300 x 9" by Ube
I ndustries, Ltd.), and preferably they have one or nore functional
groups, sel ect eqwhegdin aRONEpeReIts, aCaRONKE! arodtieo hdebchiton sUEIOURS,
in the nolecule. [0088] An acryl onitdierbutadi ene copol yner can be
react ed Héf or ehanghBnylend tdre pipheryient,i ooed aepGRyl2 esiraightchain  or
proportion of epoxy resin;acrylonitile-butadi ene copolynmer =

10: 90- 90: 10 ( by twengfiedjchain algplene gomp) dADE, RPN ea SSHH {plbtradeoames of
m nut es-6 hours._ Duri the reactio a relatively high boiling point
organi ¢ sol vent Y&Beh ﬁgdll?ﬁltn;‘?l bl ggc‘gj]veqndca}lgqopgq:aps@@ 8l CBIRGsARERES

: bi t gl el Qet hyl I | _di et.hyl h
Bt e G SRR Bl S S Spgnc
I I i ght | @A - ' i f
500 103000, A moleStl SC it otk dor Mas It FeRE G VP o TRRF B |
an inferijgr chipy fsghglgalgg@g%&gﬁﬁg@%@%bﬁﬁmﬁgﬁg_ecuI ar wei ght of

greater than 15 I0,000 will tend to in 1ncreased viscosity and
i nferior managedB0b7} Th@fcdrimw_tCGﬁﬁhét%m@yWésﬁ{ | cilring TRgertUTEO pEefarablypge
>

nol ecul ar weight is the val ue neasured by vapor pressure osipsis, 0
t he val ue neasur®Gl9¢ prets perweight end chorenmefmyatdp Y 1+80 parts by weight
calibration curve for standard pol ystyrene (hereunder referred to as
with respect to 100 parts by weight of the epoxy resin, If the epoxy
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 parts 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, TPPX (trade names of Hokko

18



2011Gpel I'). [0090] An epoxi dated pol ybutadiene is preferably one with
100-500 (gjeq) epoxy equivalents. Wth | ess than 100 epoxy

equi valents, the viscosity will tend to increase and the

manageabi |l ity of the connecting material will tend to be | owered,
while greater than 500 will tend to 25l ower the hot bondi ng strength.
The epoxy" equi val ent value is that determ ned by the perchloric acid
nmet hod. The epoxi tadi o] n i

hydr oxyl group i((:r:1Hae galm%%ﬁyeegT ggngu?%ﬂg}e?a%erﬂg%ﬂe@%&aé%ﬁ%r
wei ght of the egguxi ghyt ash | 0

mol ecul ar wei ght ofAﬁLi]I?Ie[?éI lgmfﬁgg’ @%%gﬂ%%onggﬁg@?gﬁ%gg% Pﬁﬂxg)thd?ﬂ]
inferior chip wandi heidesslus [QUREZGL] ,2P4INIEZ2 (DI Gl apP BN tr A2k
greater than 10,000 will tend to result in increased viscosity and

i nferior manageaiaires oy ShikakneClenningle tQonp.}rat eri al . The nunber - aver age
mol ecul ar _wei ght. is the val ue nmeasured by GPC. 10[ 0092] The

pl asticiz&r has [BW¥f Thee epoxy rasin ewing) agentend the rmuriageastcelgratathatdedn

bet ween the sem conduct or el gjmant and |l ead fi nlire. In nmpst cases, the
pl asticizer is AAdEGCREIOMH E‘p‘zi?‘?tds Bhe.v@li gfyeral RREXYE 14990 CYHPE ABBHES

i ght i h | of th ' I ' d and i .
pr ecur sor . 151 0893 g Ersleaitith gubl. e Rand 3¢ calbmRin  The aping oo
fain, ' . : .
oxi de, adhesi ve o ceSnoTL PSR RS FRREHAT ARG i RBT SR
titanate coupli @&\ggﬁ@t@q%%ﬁgﬁpﬁ%’gs@goﬁpﬁgw and zircoal um nate

coupling agents, tting i'nprovers-su ndhi oni ¢ surfactants and
20 f1 uoriloe- bas¢0060]r Cambantds witholaadtizabloghileticsitebordsarbbh ide AR
oils, ion trapping agents such as’inorganic ion exchangers, and

pol yneri zati on ibohidbia be wsedafiadit mveaipr ophidetaerylj049d ster compounds
Exanpl esof si | anecqupl i ngagent si ncl ude

vi nyl tri s(f 3- meeRex meathasxylics | 2cith cesi¢mpompiosndsr gud | thess may be used
25vi nyl ni r net hoxysi | ane, y- met hacryl oxypr opyl ti met haxysi | ane, .
£3- (3, 4 epoxycy CPERSRDELDIVIRG oS-t Y 8erkisegroups or méthacrylic groups in

y-gl yci doxyprop I OXVYSd | akl .
y-gl yci doXypr opﬁ%ﬁ#@?@#&?@?@ﬁe@mom@ represented by the following

N- phenyl 4y-am n ' _r@ﬂmxysi | ane, :
y- mer cap?gpr opyﬁ{g{%% E[ng I "ane, hexanet hyl di si | azane,
SN, 0- (bi st ri met igdel)! @ahpeaidy Rbfilented by formula (IV):
N- net hyl - 3- ami nopr opyl t ri met hoxysi | ane,
4, 5-di hydr oi mi ddZhtmpradPytitaiaet]hoxysi | ane,
y- mer capt opr opyhdet hoxysi | ane, y-nercaptopropyhaet hyl di net hoxysi | ane,
103-cyariopropyl trirnet hOéySi | ane,
t hoxy)sil ane, methyllii(glycidyloxy)silane,

met hyl tri (met hacr .
2- et hyl hexyl- 2- et ﬁt&yﬁ%%phosphqnat e,
S*O"R“H
5 (1V)
(wherein R? represents hydrogen or a methyl group, and R represents a
20 CI1-100 and preferably C1-36 divalent aliphatic or aliphatic hydrocarbon
group with a cyclic structure),
[0062]) Compounds represented by formula (IV) include aerylate

compounds such as methyl acrylate, ethyl acrylate, propyl acrylate,
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7- gl yci doxypr opyl met hyl di net hoxysi | ane, vi nyl tri acet oxysi | ane,
y-ani |l i nopropyl tri met hoxysil ane,

15y- nmer capt opr opyl net hyl di net hoxysi | ane,

y- et hacr yl oxypr opyl net hyl di net hoxysi | ane,

N-trinmethylsilylacetam de,dimethyltrinethylsilylam ne,
,diethyltrinmethylsllylamne,trinmethylsilylimdazole,trinethylsilyl

20vi my a1 1 y1 o1 EP B h g RT AR GiteE 10buR ythe, bBOSI e,
Exampl 6507 L1 anaFaCouRD Raea Yl ey i Aely? QEHARE) fopy?dEtate, ooyl

i sopropyl t hi sostgayiawd, ti-sthRkRyl a%h?%ﬂgh&i QG BReYddoy! 889, isodecyl

i sopropyl di rnet hacryl i sostearoyltitanate,

25i sopropyl t ri dogigglatd)dnaehestilitenwidddyl aoatlge, hexadecyl acrylate, stearyl
| sopropyl i sost ear oyl di acryl

titanat e, iSsopr opadrykatejiisnstepiylreosphta; eydlohesyhrerylate, isobornyl acrylate and
i sopropyl tdcunyl phenyl titanate,isopropyltris(dioctyl

pyr ophosphat e) t i feigsalodd 2:1ed T idespresplatei andamethegrylisa eopmounyis stehas e,
tetraoctyl bi s(ditrjdecyl phosphit Its. nate .

Lot (o 3l di o 1yRelyEaAra (v et mropy) pisdasnrlvi: isRResvh,
5di cunyl phenyl o titanate . _

bi s(di oct yl pyr oéﬁg@%ﬁ%’%§b>&§8§ a{rgeﬂlacryl.ate, ls.obutyl. methacrylate, t-butyl
titanate, diisos ttﬁ%ﬁ%ﬁ Ly ﬁ{ﬁgﬂ' LRRBLEG RS ( ClsbRGLY! methacrylate, hexyl

pyr ophosphat e) et titana . .
di i sopropay ybi s(RetraBflitad !Hégﬁ}q Opeta@Ry 144 |0éy]l methacrylate, 2-ethty]hcx 1,

di i sopropyi bi striethariolam no’titanatée, titariumlactate, acetoacétic
ester 10titanat emdthacryiateponyiyls (methiapdatef odedyd) trhethaciylate, isodecyl
methacrylate, lauryl methacrylate, tidecyl methacrylate, hexadecyl
methacrylate, stearyl methacrylate, isostearyl methacrylate, cyclohexyl
methacrylate, isobornyl methacrylate and tricyclo[$.2.1.0%%decyl
15 methacrylate.
[0063] Compounds represented by formula (V):
[Chemical Formula 5]
4
#,0=c] .
6~ 0-R*™-0OH

Il (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 actylate, 2-hydroxyethyl methacrylate and
2-hydroxypropyl methacrylate.

[0065] Compounds represented by formula (VI):

20



di - n- but oxybi s(tri et hanol am nato)titani um

di hydroxybi s(lactato)titaniurn,titani umi-propoxyoctyleneglycol at e,
titanium stearate, tri-n-butoxytitani um nonostearate, titanium

| actate ethyl ester, titaniumtdethanolarninate. 15[0096] Exanpl es of
pol ymeri zation inhibitors include quinones, hydroquinone, -

nitro/ nitroso conpounds, am nes, polyoxy conpounds,

p-tert-butyl cat eghol .. i rlc a sul f.ur-cont ai ni ng conpounds such
as dithi obenzoyl ' Eh§1|c chl ori de, diphenyl picryl hydrazyl,
tri-p-nitrophenyl nethyl, trlphenylverdazyl

20N- (3- N-oxyani | i no-1, 3 ﬂethylbutylhdene)anlllne oxi de and the

like, with no Iiny t:l: mto these. 97] The connecting material of
t he invention may ﬁ?so ¢ gﬁﬁw ?g bl%l_(i{gl nhibitor, if
necessary. Exanples of bifge t e fatty acdﬁs iuch as
per fl uorooct anoi ¢ acid, tanoi c acid am de 25and ol eic %I and

perfl uorooetyl ethyl acrylate, silicone and the |ike. [0648] The
filler (B) used nay be known one, for exanple, a conductlve powder

such as gol d, pI(éR f‘s:ﬂpl\ﬂeﬁ:nts ﬂtqmme goiipleglin fqrﬁidla(I\Q[fR irérResents
al umi num These fiJlers m be used al one or LN conmbi nations of two
or more. Silver £ JBe @rphhmowmaﬂw Bre‘fepra’semtsfhxﬂmgm Cl-6
vi ewpoi nt” .of cos el,ectric g ty a d t ermal 5conductivity.
[0099] Thé af or K apegray, PasH Eesenis eatisiegen/ef
agent may be us ﬁf the additive (O, [0100] For production of the
connecting mater’i al’' the netallic particles, volatile conponent,

bi nder, with a qpby Coﬁ%@ﬁﬂd@% epfisened | b ngff?ﬂméo(‘ggg@‘g%&g? e

honngeneous paste-b ting, X|ng, ving,

kneadi ng or di snﬁimpcmnds agudhe CAS SHEMyleHeF 19802
conmbi nation of dispersing/dissolving gppga?at ugies sutﬁlsélgéﬁyls% $1V001

kneader, tri pl e acoylbte, pipabgtrapylemsgtyrol oract-ylete| | &eme{tﬁi{?éthyl:' derylatkS @

schemati ¢ cross-sectional view show ng an exanple 15 of

sem conddét or d&rﬁ@émlbﬂhced usa(mﬁa’@ connec2itmpxyettgii al of atiydate,

i nvention. The serrtlh 7(23)29 tix ﬁr devi ce in Fig. 7 conprises three |ead
frames (radi at or@§hpxydicthyleneglycobaczyiels, Prﬁémxml){@ﬂiﬂ?neglywbaaa’&ated

onto the lead fr 12a,v onnecting materjal of the_invention,
and a nold resi rﬁﬁcﬁdﬁ?ﬁ nﬁ!i‘?’ﬁ?ﬁ}yﬁem ?‘ﬁ'ga%hl p 4Pheroxys éct e@HtEhe
| ead 20franes 1 a%;q 102 che t| C
cross-sectional *view-s &\}};{ @}Q‘c@h&ﬁ@;?ahg ’%Pob%ggﬁ? e
devi ce produced upé yRx9eM M

sem conduct or dechﬁemsﬁ)om ?E%kﬂgteg%}:%r%p]?}} ses a%gjoa[r%ﬁ@émexg{%%d
frames 115for medndumethaogjlite édisp@pleanidh & WEhABARIHG] CABMEEY e ON

the lead frame 17 via a connecting
polyethyleneglycol methacrylate, polypropyleneglycol methacrylate,

2-methoxyethyl methacrylate, 2-sthoxyethyl methacrylate,
2-butoxyethyl methacrylate, methoxydiethyleneglycol methacrylate,
methoxypolyethyleneglycol  methacrylate, dicyclopentenyloxyethyl

20 methacrylate, 2-phenoxyethyl methacrylate, phenoxydiethyleneglycol
methacrylate, phenoxypolyethyleneglycol methacrylate,
2-benzoyloxyethyl methacrylate and 2-hj(droxy-3-phenoxypropyl
methacrylate,

21



material of the invention, and a translucent resin 19 sealing them
The LED chip 18 is connected to the lead frane 17 by a wre 14.

[ 0103] The sem conductor device of the invention is obtained by using
a connecting material of the invention to bond a sem conduct or

el enent to a supporting nenber. After the sem conductor el enent has
been 5bonded to the supporting nmenber, a wire bond step and sealing

step may be =ti j f necessary, [Q104] Exanples of supporting
menbers i ncl udee[sggﬁ]t HHROED reégﬂ&élfmdmyulaggﬂl rames, copper |ead
frames and pal | adi,um.PPE. | ea rames, gl ass epoxy boards (gl ass
fiber-reinforce é‘ﬁﬂ%@alrFé’@HPabﬁar ds), BT 10boards (boards enpl oyi ng
BT resins conposed of cyanate nononer or an oligonmer thereof with

bi smal ei m de), and ot her gani ¢ boards. 10105] For bonding of a
sem conduct or el eppct._—,@’ supporting nmenber such as a lead frane

usi ng a connecti ng2nat ery LC@E&%@EQ)_I_ iention, first the connecting
material is coated onto tﬁ‘ile a9 15 menbetvbﬁ/hﬁ) di spensi ng
net hod, screen printing ngthod, stanping met hod(o | i ke, and the
sem conductor elenent is contact bonded and then heat cured using a
heating apparatus such gs an oven or heat block. The heat curing is

usual |y carri ed [sdersin Maapieseptathelame200ap fagin Sorsado(dy, RO rdfetonty s .
A wire bonding step y thep be,faoll owed, 20by sealing by a comon
net hod t.o gc onpl &E@HY%@&T%&&B&}B {(whereR E@resm@mﬂkg allyd menp)The

present inventi ' now furth expl ained in. detail by

exanpl es, with ﬁﬂgmtﬁ‘?@a cﬁﬁ”’ﬁ?’lg the invention is not linited
thereby. The materials used in the exanples and reference exanpl es
25were prepared or obtained as follows. [0107] (1) Epoxy reski‘
solution: 7.5 parts by weight of YDF-170 (trade nane of' To
Co., Ltd., bisphenol F-type epoxy resin, epoxy equivalents

7.5 parts by weight of YL-980—(trade n f Yuka- Shel | Epox R
Ltd., bisphenol Atype epax @ n, epgxy ¢quivalghts ---- 1 ver e
heated to 80C, and siirring was continuéd~tTor 51 hgur to obtmkn a

uni f orm epoxy resin sol ution.

¢ HOOC,
u
e e Y s ) e P2
O=R—0~R"  —nco -
OH _ ~~0G0~CH; CH; GOOH (Vi)

(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-acryloyloxypropylttimethoxysilane, glycidyl acrylate,
tetrahydrofurfuryl acrylate, tetrahydropyranyl acrylate,
15 dimethylaminoethyl acrylate, diethylaminosthyl acrylate,
1,2,2,6,6,pentamethylpiperidinyl acrylate,

2,2,6,6,-tetramethylpiperidinyl acrylate, acryloyloxyethyl phosphate,
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[0108] (2) Curing accelerator: 1.1 parts by weight of 2PZCNS- PW
(trade nane of Shikoku Chem cals Con)., imdazole). (3) Volatile
conponents: Di propyl enegl ycol nethyl ether acetate (hereunder, DMIA)
(Di cel 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 nanme of Metal or, silver powder) nean

A R o M A G SR ot R
D fncestrear oo AR ALAL Ak v %?cf“cmf&w%rha%fes
f F lhd
ig[u?fgnt \r/vggt g‘reegar ed%% %hgnl%gﬁkg@%tge[)yzl\ﬁg%%ﬂl f hy Fﬂ(l%g a(g?l C
acid (Kanto Kag@}kbhe%cwlé#lﬁx:) fiﬁaﬂﬂnﬁ@th@ﬁ?éxfan@}/ ‘é‘gh&fﬂglo‘c IﬁEﬂﬁ%ﬁfia’ce

(Kant o Kagaku Co., Ltd ace treatnment” s
prepared By addltﬂ@alﬁfd.?@fupﬁl‘jﬂ byneteagilatedf thaBbydloppraegbt &ﬁ@thﬁai?!’wt@

| Casei Kogyo Co., Ltd.) as a surface protective naterial to the

aci di ¢ sol uti on. dimefhylamingsthybs meikacaplateg tdeethylendnoefilade mehatnybate,

sol uti on, and Su%%,ﬁéd to oxtde fil mrenoval and surface treatnent
by stirring for & tenjansteylpinesidii ng a t enper at ur e wethagrglate,t

?Eaﬁgf”méis'h;%?%%—%@% n@egeaiﬁfrgﬁée%e%&a g B “°E@d$£§qh4oc
Sﬁda??lt?’if.iaﬂg@%%@% éﬁsgéeiﬂécﬁ%efﬁ%w HEE rfr aisdalfc o
Seurt hcootr ont o AT CREOpaldy” SF@h%ﬁi’ sl ﬁbﬁfﬁ%?@mﬁﬁéa‘iﬁ e

t he surface- trem@[ﬁaﬁ@\ﬂq%ﬂm@wgqb F@,@Igl,g&%a%essure to

renmove the ethanol, to obtain dry surface-treated Ag powder. The

oxygen state rat[Dﬁ?@ifCbimpoobdsane?fﬂieﬁmdfnyderrmﬁl& {VEd):Ag powder was 0%
thus confirmng that the oxide film 10had been conpletely renoved.

[0114] Materi al {ChepicahFopaplafMr e headed for 10 ninutes with a
kneader to obtain a binder conponent.

/R" R“-\
H,6=GC_ L,6=CH,
i1
G—Qo—R—0 f(."e
o} 0 (VIII)
15 (wherein R? and R® represent the same groups as in formula (IV)).

[0071] Compounds represented by formula (VII) include diacrylate
compounds such as ethyleneglycol 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,
l,4-butanediol  dimethacrylate,  1,6-hexanediol  dimethacrylate,
1,9-nonanediol  dimethacrylate,  1,3-butanediol  dimefhacrylate,
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Next, materials (3) and (4) were added in the m xing proportions
listed in Table 1 and the inixture was kneaded for 15 mnutes wth a
15kneader to obtain a connecting nmaterial. The physi cal
properties of the connecting naterial, were exam ned by the follow ng
met hods. The conpositions of the netallic particles, volatile
conponent s and bi nder conponents, and the property measurenent
results,- are shown in Table 1 and Table 2. 20[0Q115] (1) Shear
strength; The cdmeperiyhglyeat dimesachplatecndrdiner dioh diasbacylags. 0. 2 ny

onto a Ag-plate d fra | and a2 ramx 2 mm
Ag-pl ated Cu ch:j[;gg?%i g‘g‘ F&e@?ﬁ%“%t)ed\}ﬂsié%ﬁm}her eto, and heat
treat nent was c 18QC for 1 hour on a hot plate
(HOP-401), 25[015%?%%@?%@1% | owed by neasurenent of the shear
strength (MPa) using a universal bond tester (4000 Series by Dage,
Ltd.) at a neasuring sp 8 of 500 p k and qqfreasurl ng hei ght of 100
pm after- heatlnq-{qp,::?@ for 30 sec 11 Hgoefflm ent of
thermal conductivify of » @._gqu%c Hllg aI Thé connecti ng

mat eri al was heat treategat 180 or ouP 115 to obtain a 1@ xx;}o X
1 mmtest piece, The thegyal diffusivity of tife test piece wa 1

nmeasured by the laser flash nmethod (12A 447, product of Netzsch,
25C), and the coefficient of thermnal conduct i vi t of th

(Wm
cured conrect i nwhereiniR| represamethimsamagioupasda T H‘@#ﬂt(h‘ﬁ AR’ rﬂiﬂdb
diffusivity and the gfstguct of. the sp |f| ggﬁ capacity obtai ned
Wth a 10di f f er &f¥PTARFY %ﬁﬁpﬁér‘&iﬁs@?l‘ by Perki n- El nmer)

?-T-gbf Qe 1]S pecifi g[@g%iﬁ%a% "snr%gret%gntecrl cby' %gnelﬁla f]lnciuéle cfiarlrylatc
compounds such as diethyleneglycol diacrylate, triethyleneglycol

diacrylate, tefracthyleneglycol diacrylate, polyethyleneglycol diacrylate,

10 tripropyleneglycol diacrylate and polypropyleneglycol diacrylate, and
dimethacrylate compounds such as diethyleneglycol dimethacryiate,
triethyleneglycol dimethacrylate, tetraethyleneglycol dimethacrylate,
polysthyleneglycol dimethacrylate, tripropyleneglycol dimethacrylate
and polypropyleneglycol dimethacrylate.

15 [0074] Compounds represented by formula (X):
[Chemical Rormula 11]
H,e=0] i H R o RS o=on
“g—o- CHCH-GH-0 O O 0~ GH;GH=GHE O ¢ *
0 - RI! O

x?

(wherein R* represents the same group as in fornwla (IV), and R and
RY each independently represents hydrogen or a methyl group).
20 [0075] Compounds represented by foomula (X) include reaction
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conpo-

sition Metal particles (oxygen state info) Surface-treated

AgP10S (0% 92 92 92 Examl 9292 Surface-treated AgESS (109 - - -
- - 92 92 Volatile, conpone"

10

15

20

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):

[Chemical Formula 12]
,-R‘ Rn; Fl” RIT R_:_
T ot ) oy "
GO~ CH-CH;-0—; - O—CHy CH—}70~0
0 R 0
(X1)

(wherein R* represents the same group as in formula (1v), R" and RY
represent the same groups as in formula (X), R' and RY each
independently represent hydrogen or a methyl group, and d and ¢ each
independently represent an integer of 1-20).

[0077] Compounds represented by formula (XI) 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 ¥ or bisphenol AD, dimethacrylates of
polyethylene oxide addition products of bisphenol A, bisphenol F or
bisphenol AD, and dimethacylaies of polypropylene oxide addition
products of bisphenol A, bisphenol F or bisphenol AD.

[0078] Compounds represented by formula (XTI):

[Chemical Formula 13]
R 18 7 o
H,e=6_ I \ |/ ) \ 7 O=CH,
GO CH [\ ~§i— 03 Si-(—CHz 30~G
fl I . ]
Q R” R o (X11)

(wherein R’ represents the same group as in formula (IV), R, R™, R®

and R* each indep endently represent hydrogen or 2 methy! group, and £
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represents an integer of 1-20). .

[0079] Compounds represented by formula (XI) include
bis(aoryloyloxypropyl)polydimeﬂlylsilpxane,
bis(acryloyloxypropyl)methylsiloxane-dimethylsiloxane ~ copolymer,
bis(mcﬂlacryloyloxypropyl)polydimeﬁylsiloxme and
bis(methacryloyloxypropyl)methylsiloxane-dimethylsiloxane

-copolymer.

[0080] Compounds represented by formula (XII1):
[Chemical Formula 14]

_ - DS U AP |
[-{-cH;?mH—cn—),_,—(—ca;cn-—cu-on;—)h—(—cuz G tonzon—; }
H?-GOOGH,OHQDOG—?-:GHQ CH cH ok
GH,COO0H R oH,
H?*COGCH10H2000~?=CH2

CH,CO0H R
F1i1)

(wherein R* represents the same group as in formula (IV), and g, b, §, ]
and k each independently represent integers of 1 or preater and
preferably 1-10).

[0081] Compounds represented by formula (XII) 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 hydroxyl 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 Thernal
conductivity (WnR) 78 74 84 27 21 75 23 Shear strength (IMN)
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double bonds may be any of the aforementioned compounds alone ot in
combinations of two or more, .

[0083] When a compound having an ethylenic carbon-carbon double
bond is used as the thel'mosettmg‘ resin, it is preferred to use 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,
-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 _weight, 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 to 100
parts by weight as the entire connecting material,

[0087] Examples of plasticizers include acrylonitrile-butadiene

copolymers such as liquid polybutadiene (*CTBN-1300 % 31" and
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[0119] [Table 2] Reference Exanples

.1 6.8 5
sal Metal particles (oxygen state

1.
al on

(0]

"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.

[G088] An acrylonitrile-butadiene copelymer can be reacted befofehand
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, carbifol, butylcellosolve acetate, carbitol acétate,
ethyleneglycol diethyl ether or a-terpineol may be used if necessary.
[0089] The  number-average  molecular  weight of the
acrylonitiile-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
10,000 will tend to result in increased viscosity and inferior
manageability of the conmecting material. The number-average
molecular weight is the value measured by vapor pressure osmosis, o
the value measuréd by gel permeation chromatography utilizing a
calibration curve‘ for standard polystyrene (hereunder referred to as
"GPC"),

" [0090] An epoxidated polybutadiene is preferably one with 100-500

(g/eq) epoxy equivalents. With less than 100 epoxy equivalents, the
viscosity will fend to increase and the manageability of the connecting
material will tend to be lowered, while greater than 500 will tend to
lower the hot bonding strength, The epoxy equivalent value is that

determined by the perchloric acid method.  The epoxidated
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polybutadiene may also be one having a hydioxyl group in the

molecule.

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

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

[0092] The plasticizer has an effect of relieving stress generated by
adhesjon between the semiconductor element and lead frame. Tn 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
Precursor. |
[0093] The conmecting mateyial of the invention may also contain, as
necessary, humectants such as calcium oxide or magnesium oxide,
adhesive force improvers such as silane coupling agents, titanate
conpling agents, aluminum coupling agents and zircoaluminate
coupling agénts, wetting improvers such as nonionic surfactants and
fluorine-based surfactants, antifoaming agents such as silicone oils, fon
trapping agents such as inorganic ion exchangers, and polymerization
inhibitors, added as appropriate. .
[0054] Examples  of  silane  coupling  agents  include
vinyltris(B-methoxyethoxy)silane, vinyltriﬂhoxysilané,
vinyltrimethoxysilane, v-methacryloxypropyltrimethoxysilane,
B-(3.4-epoxycyclohexyl)ethylimethoxysilane,
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y-glycidoxypropyltrimethoxysilane,
y-glycidoxypropylmethyldiethoxysilate,
N-phenyl-y-aminopropyltrimethoxysilane,
y-mercaptopropylirimethoxysilane, hexamethyldisilazane,
N,O-(bistrimethylsilyl)acetamide,
N-methyl-3-aminopropyltrimethoxysilane,
4;5-dihydroimidazolepropyltriethoxysilane,
y-mercaptopropyltriethoxysilane,
y-mercaptopropylmethyldimethoxysilane,
3-cyanopropyltrimethoxysilane, |
methyltri(methacryloyloxyethoxy)silane, methyltri{glycidyloxy)silane,
2-ethylhexyl-2-ethylhexy! ; phosphonate,
v-glycidoxypropylmethyldimethoxysilane, vinyltriacefoxysilane,
y-anilinopropyltrimethoxysilane,
y-mercaptopropylmethyldimethoxysilane,
v-methacryloxypropylmethyldimethoxysilane,
N-trimethylsilylacetamide, dimethyltrimethylsilylamine,

(diethylrimethylsilylamine,  trimethylsilylimidazole, trimethylsilyl

'isocyanate, dimethylsilyl diisocyanate, methylsilyl triisocyanate,

vinylsilyl tiiisocyanate, phenylsilyl triisocyanate, tetraisocyanatesilane
and ethoxysilane triisocyanate,

[0095] Examples  of  fitanate  coupling  agents  inchude
isopropyliriisostearoyl  titanate, isopropyltrioctanoyl‘ titanate,
isopropyldimethacrylisostearoyl titanate,
isopropyltridodecylbenzenesulfonyl titanate, isopropylisostearoyldiacryl
titanate, isopropyltri(dioctyl p];osphate)titaﬁate,
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- 4 Properties Thermal conductivity

4.9
0 0* 1.5 Shear strength (len) 0 O

isopropyltricumylphenyl titanate, isopropyltris(dioctyl
pyrophosphate)titanate, tetraisopropylbis(dioctyl phosphite)titanate,
tefraoctylbis(ditridecyl phosphiteltitanate,
tetra(2,2-diallyloxymethyl-1-butyl)bis(ditridecyl)phosphite ~  titanate,
dicumylphenyloxy acetate titanate, bis(dioctylpyrophosphato)oxyacetate

titanate, diisostearoylethylene titanate, bis(dioctyl
pyrophosphate)ethylene titanate,

diisopropoxybis(2,4-pentadionato)titanium(IV),
diisopropylbistriethanolamino titanate, titanium lactate, acetoacetic ester
titanate, di-i-propoxybis(acetylacetonato)titanivm,
diwn-butoxybis(triemanolaminato)titanium,
dihydroxybis(lactato)titanium, titanium-i-propoxyoctyleneglycolate,
titanium, stearate, fri-n-butoxytitanium monostearate, ttanium lactate
ethyl ester, titanium triethanolaminate,

[0096] Examples of polymerization inhibitors include quinones,
hydroquinobe, nitro/nitroso compounds, amines, polyoxy compounds,
p-text-butylcatechol, picric acid, sulfir-containing compounds such as
dithiobenzoyl disulfide, cupric chloride, diphenylpicrylhydrazyl,
tri-p-nitcophenylmethyl, triphenylverdazyl,
N-(B;-N-oxyazﬁlino-1,3-dimethylbutylidene)anilinc oxide and the like,
with no limitation to these.

[0097] The connecting material of the in{rention may also contain an
added bleed inhibitor, if necessary. Rxamples of bleed inhibitors
include fatty acids such as perfluorooctanoic acid, octanoic acid amide
and oleic acid, and perfluorooctylethyl acrylate, silicone and the like.

[0098] The filler (B) used may be a known one, for example, a
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01.22.501.1 t5 *10 x 10 x 1 mntest piece for neasurenent of

t hermal 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 conponents, for 5 Exanples 1-3, clearly exhibi-ted high
coefficients of thermal conductivity of 70 Wm K or greater, and high

Ei‘gznél s i.:?f cr <ol e s b ol Rlatlis S sopEF GHIREEL
it t [WoR: 1 .

\Fjgl ateirl \(,am corrggngﬁi,&agf% %Ic))]? "E%’E‘?‘gi uce ?%%rﬁ%%gggﬁ\ééﬂﬁ%%?%%?gﬁ ?Il C

particles at 180GmBERdisier At Betmdtd. OVEilalr htdtdoBPerotard §attiRILAHES

for neasurenent of the coefficient of thernmal condu?Pl vity, and shear

strength was al sgreftedefibibhé ekwioditd¥lcodl, slcuRal esmietvity andiitrshal

shows that a connecting material conprising Ag powder w th an oxygen
state ratifo of IGductigiteater 15 (A0108), a volatile conponent and a
bi nder conponent, exhibited a | ow coefficient of thermal conductivity
of no greater tHAR98] Rber aforemantioned volasia cenmpnpertioe rivaface fproteaiipe e
4, conprising surface-treated Ag powder w.th a volatile conponent and
bi nder conponent@gegimaﬁi}%eéﬁegaﬁﬁ"@rﬁ i ent of thernal

conductivity of {n-t C or..greaf.er while 20maintainin hear.,,
strength. [ o12210APS] Frpredilioh SEE eofeefur el JoC Rl Bottcles:
material conprisi 1Ag it h X n,Sh: radd f %
greater and a b%@g?écganxgg%%@rﬁ,’ bgi(%egb%daaa@%e%tc%gﬁgi% g%l?es‘gﬁﬁ, are
thermal conduct ipiehired§ 29Q GbfRigBhedUI2Paste N, hédtingd thi BREVIGHI, N9
mat eri al of Exa%eg 5, f§5corrpri S n% su?f a?:gwt’r eat eff Agl,:(?% and aﬁig’
bi nder conponentdeceignlatibetineadhigbr diowirbion] #niecefsaty) @il an appropriate
conductivity of 20 Wm X or greater while maintaining shear
strength. [0123]cambinddon aifl yispEsinpiissolsingndpparstoess shelt asoansidrémg
material s conprising surface-treated AgF5S with an oxygen state ratio
of 10% kneader, triple roll, planetary mixer or the like.
[0101] Fig. 7 is a schematic cross-sectional view showing an example
15 of a semiconductor device produced using a connecting material of the
invention. The semiconductor device in Fig, 7 comprises 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 1o the lead
20 frames 12b, 12¢ by two wires 14,
[0102] Fig. 8 is a schematic cross-sectional view showing another
example of a semiconductor device produced using a connecting
material of the invention. The semiconductor device shawn in Fig. 7
| comprises a board 16, two lead frames 17 formed swrounding the
25 board, a LED chip 18 connected on the lead frame 17 via a connecting

material of the invention, and a franslucent resin 19 sealing them. The
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with a volatile conponent and a bi nder conponent, exhibit higher 5
coefficients of thermal conductivity and shear strengths than
connecting materials conprising AgF5S with an oxygen state ratio of
20% or greater, with a volatile conponent and a bi nder conmponent, as
in Reference Exanples 6 and 7. [0124] (Exanples 8-14 and Reférence
Exanpl es 8-11) 10The follow ng binders (A, fillers (B) and additives

L) néeraekﬁéiﬁ‘é‘li TP S i Ohuecged o BT RLAESE AR 4 BRI O o o
S ot i 11 s b PLEH, £ bemiboRdfiabi device oRiheNivBiMorbls dblained by nsing

epoxi dat ed pol yRugmicethey fodfial df thePmkbstidtytoWird séhicanductRBI¥mbSSi N
curing agent (A4), 0.8 part by weight of a curing accel erator (A5),

18.2 parts by webghtugfortinglirheiebdr. ( Xd}er thé. sémieoriductyy clahenit hayf been
met haciylic acid ester conmpound (A7) and 0.5 part by weight of a

20r adi cal 5i ni ti dwoded A8)the Eppporting snember, ut Wine Boud) stepfandrsenbiag istap
7.5 parts by weight of YDE-170 (trade nane of Tohto Kasei -Co., Ltd.,
bi sphenol F-t ypeh@pbk jariedopt ifagessyadqui val ents = 170) and 7.5 parts

o spnenol A typdS00L S8Rt By bl i S
zol g o, “ﬂicfﬁ A0lob 156 Einsh. e | Caeb R B 1B CRBLRER e g,
| . ( . o
boryloni et o oy SR, bos (dhéhs AEArSMAUS AN hoady), BT
SE-1000-§00 (tr aggrdifRarls ibilogie BT HeGRe Bhiaabed & oyahitd niokRAMYor

resin curing agent (A4); Di (;yﬁalndi am de Curing accel erator (A5): Cl7Z
(trade nane of S digosnerhavotwith bdmdgeimils), dad otle) ofdbid bends. ( A6) :

PP- 101 (trade nanme of Tohto Kasei Co., Ltd., allcyl phenyl glycidyl
et her) Met hacryl[0E0%cFar dwmding: @fpeusemicanfuctor element to a supporting
member such as a lead frame 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 ot 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
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Et hyl enegl ycoi di met hacryl ate 15Radical initiator (A8): D cunyl
peroxide Filler (B): AgC 224 (trade nane of Ful cuda Metal Foil &
Powder Co., Ltd., silver powder, nean particle size: 10 tan) 20SPQO5I
(trade nane of Mtsui Mning & Snelting Co., Ltd., silver powder,
meanparticle size: 0.85 unm) SA1507 (trade name of Metalor, silver
powder, nean particle size: 15 pn) Additive (C): 25D propyl enegl ycol

T o AR o BB RS Bl S oo
() ol om0 e P S SRR T8 A ot
grsater than 5 "l SRIYALY pRUTERL BURTRLA' hohge! Sholamml oty

connecting mat erdlidal@ts X hese Seddd 20 40REf iERGSinE WPt Ein8ed for
and the physical properties Of 10conpacts of m xtures of the filler

(B) and addi ti vel héir towbian aeaiformadpbyy tdsin §adhfiewi ng met hods. The
results are shown in Table 3, [01271 (1) Viscosity: An BBD-t %e
rotating viscosil§g08} (3)TCksiog Keckieratogy b1 Goarts bydw)blg&wsnfuéﬁﬂé SePW
measurenent of the 0,5 rpmyviscosity (Pa.$) of the connecting
material at 25C. (trede ppmpiod Sh Ghemisgls Cqrph Ealdageledngt h) : The

Rt and: TS0 VARG Sine? DBl g el BB
225 et 1 L%Si‘eﬁﬂﬂé{’euﬁﬁséﬁﬂm R Ry RS, LRED Bl Gy
Thi . '
ising o 0 ver sar i 0, LEEPalt PR olatioh FSmBsB CHRtigeg, LAY
easuri ng speed [pA0SPRHMckel 0 $aitiolen SUIORNP HEhdhnatle SRHIchaley, silvter
heal i ng at 260C for seconds,

powder, mean particle size: 1.6 pum, oxygen state rati.o: 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-ireated Ag powder was prepared by oxide film removal
and surface treatment of AgF108, in that order.
[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 sutface treatment solution was
20 prepared by adding 0.29 part by weight of stearylmercaptane (Tokyo
Kasel Kogyo Co., Ltd.)) as a surface protective material to the acidic
solution. .
[0111] AgF10S was added to the smface treatment solution, and
subjected fo oxide film removal and surface treatment by stirring for 1
25 - hour while maintaining 2 temperatire of 40°C. It was then filtered to

remove the surface treatment solution, and 40°C ethanol was added to
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(3) Coefficient of thermal conductivity of conpact of m xture of
filler (B) and additive (C: The filler (B) and additive (C) were

m xed in 25the m xing proportions shown in Table 3, and kneaded with
a nortar or the like,-to a total weight of 20 g. The resulting
powder-|i ke or 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

| ded articl ' flash method (EPA 447,
r;;ﬁ(r)odﬁct a(r)f | &e?zﬁﬁhﬁgéﬁf&%ﬁgyﬁtiﬁggbgm%i ez;ts O}Emt hgr m(al conductivity
(WmK) of the qgr ‘ihgbﬁfaﬂbpwﬁﬂﬁﬂéﬁéluﬁbn%g I,r%xpl){?&i{ byf gltgn fﬁig@tﬁe' ve

(C at 25C was cal culated fromthis thernal usi vi

product of the spashiig andfbtativanegstwere pépdanaichboiat DO &nkisfthesmbvé dle
scanning cal orinmeter (Pyrisl by Perkin-El'mer) and the specific

gravi ty obt ai nedstéayylrertapimuesnd hpdtvobloritOdedd phystilly ndetibed ontethel
conductivity of cured connecting_naterial: The cornecting materi al
was heat ®reat edustace-guaeddis powdarsutfecabt ain a 10 x 10 x 1 nm test

Pucer 1 aon et T A5 Stk e Sbe B b el
connect | ng mat er{EF afeRRE \ Siestb ¥ if Al ROV ohft AHEDBhe g pbtain diy
U h s o or o R RRSRAE, A% DTS bRt ARG, O ELABRA,
om0 et Fodte RERRUNSSORIE o et fiifaog AN ok,
10 had been completely removed.
[0114] Materials (1) and (2) were kneaded for 10 minutes with a

kueader to obtain a binder component.

Next, materials (3) and (4) were added in the mixing proportions

Jisted 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 co.nnecting 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), 2
2 pom 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 (HEHP-401),

25 [0116] This was followed by measurement of the shear strength (MPa)

using a universal bond tester (4000 Series by Dage, Ltd.) at 2 measuring
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8 9 10 11 Conpo- sition Binder (A)' 6 6 46 6 6 6 157 6 4 Fillers
AgC- 224 94 94 96

10

¥5

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
material; The connecting material was heat treated at 180°C for 1 hour
1o obtajn a 10 % 10 x 1 i test piece, The thermal diffusivity of the
test plece was measured by the laser flash method (LFA 447, prdduct 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
diffusivity and the product of the specific heat capacity obtained with a
differential scanning calotimeter (Pyrisl by Perkin-Elmer) and the
specific gravity obtained by Archimedes' method.

[0118] [Table 1]

Examples
1 2 3 4 b1 6 7
Metal Surface-trented 921 92 | 92 | 92 | 92 -
particles | AgF108 (0%4)
{oxypen | Surface-treated - - - - - 92 92
Compo- | stetexotio) | ApFsS (10%)
, -sition Volatile DMM 8 - . 4 - 8 4
components Tolueng ~ . - -
* y-Butyrolactone | - 8 - - - -
Binder component - - - 4 8 - 4
Propertios Thermol conductivity (W/mE) | 78 | 74 | 84 | 27 | 21 5 23
Shear sirenpth (MPn) 711721 94 | 1.6 ] 21 | 68 1.5

[0119] [Table 2]

- Reference Examples

1 2 3 4 5 [ 7

Metal particles | ApF108 (15%) 92 | 92 92 92 92 - -

(oxygen stete [ AgFSS (20%) - - - - - |92 &

Tatia)

csoi;?g: ) Volatile DMM § - ~ 4 - 8 4
compencnts Toluene 3 . h . - =

v -Butyrolacione | - - 8 - - -

Binder component - - - 4 [ - 4
Properties Thermal conductivity (W/m-K) 0¢ | OF 0 | 26 | 2.0 0* 1.5
Shear strength (MPa) o[ 0 0 T12f25] ¢ |1
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*10 x 10 x 1 mm test piece for measurement of thermal conduetivity
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 Bxamples 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
(AgF108}, a volatile component and a binder component, exhibited a
low costficient 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 cormecting material
comprising Agl10S 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 AgFSS 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 AgF5S with an oxygen state satio of 20% or
greater, with a volatile component and a binder component, as in
Reference Bxamples 6 and 7.

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

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

The binder (A} is prepared by using a Imeader for 10 minuies 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 accslerator
(AS5), 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

radical initiator (A8).

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

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, stirring was continued for 1

hovr to obtain a uniform epoxy resin solution.
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- - - Fropyl enegl ycol nethyl ether acctath -

Acrylonitrile-butadiene copolymer (A2):

CTBNX-1300 x 9 (frade name of TUbe Industries, Lid.,
carboxyl-terminated acrylonitrile-butadiene copolymer)

BEpoxidated polybutadiene (A3):

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

Epoxy resin curing agent (A4):

Dicyandiamide

Curing accelerator (AS5):

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

Diluent (A6):

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

Methacrylic acid ester compound (A7):

Bihyleneglycol dimethacrylate

Radical initiator (AS):

Dicumyl peroxide

Filler (B):

Ag(C-224 (trade name of Fukuda Metal Foil & Powder Co., Ltd., silver
powder, mean patticle size: 10 pn:;)

SPQOST (trade name of Mitsui Mining & Smelting Co., Ltd., silver
powder, mean particle size: 0.85 um)

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

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 proportions shown in Table 3 and kneaded with
a kneader for 15 minutes, and then kneaded at no greater 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 Examples-
8-14 and Reference Examples 8-11, and the physical properties of
compacfs of mixtures of the filler (B) and additive (C), ‘weere measured
by the following methods. The results arve shown in Table 3.
[0127] (1) Viscosity: An EHD-type rotating viscosimeter (Tokyo Keiki
Kaogyo 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 patladium-plated lead frame (PPF, land: 10 x 8 mm)
in an amount of about 0,2 mg, and then a 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 (Bspec Corp.). This was subjected to
measurement of the shear strength (MPa) using 2 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 conciuctivity 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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49 55 50 45 .59 8 8 21 15 \Viscosity(Pa-s) 86 140 156 123
- 1
92 730 85 335 Die shear strength (W) ) 15 128 140

paste-like mixtute was molded to 10 x 10 x 1 mm, and heat treated at
180°C for 1 hour, The thermal diffusivity of the molded atficle was
measured by the laser flash method (LFA 447, product of Netzsch,
25°C), and the coefficient of thermal conduetivity (W/m-K) of the cured

5 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 a differential scanning calorimeter (Pyrisl
by Perkin-Elmer) and the specific gravity obtained by Archimedes'
method.

10 (4) Coefficient of thermal conductivity of cured connecting
material: The cormecting material was heat treated at 180°C for 1 hour
to obtain 2 10 x 10 X 1 mm test piece. The thermal diffusivity of the
test piece was measured by the Jaser flash method (LFA 447, product of
Netzsch, 25°C), and the coefficient of thennal conductivity (W/m'K) of

15 the cured connecting material at 25°C was calculated from this thermal
diffusivity and the product of the specific heat capacit.y obtained with a
differential scapning calorimeter (Pyrisl by Perkin-Elmer) and the
specific gravity obtained by Archimedes' method.

[0128] [Table 3]
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15

8.16.57.987 2.18.55.6 Thermal conductivity
rial) (NV/FA) 32 23 35 28 25 21 33 1 20 12
Examples Reference Exampleg
3 slw|nNn] 2 jnjl4isglsrigln
Binder (A) 616|461 6 |6]|6]1517]61]4
ApC-224 G4 194|961 94| 94 |94 | - [ B5193 )] - -
Fillers |SPQOSY NE - - « |94 -] -] -7 -
SA1507 - - - - - - . . - |91 96
Cumpo- Dipropyleneglycol | 4 | 1 | 4 | - - -4 -]-14]4
. methyl ether
sdion Toluene e - - q - - - - - - -
Additives | Propylencglycol EO I BN 4 S N
melhy{ ether
acctate
Dodecanethiol -l -1 -1-1 = I~ -1-1-1"-
Thermal conductivity (Gller+ | 60 [ 48 | 49 |55 50 45150 | 8 | 8 |21 | 15
additive compact) {W/mK)
Die shepr strength (MPa) 72]85]62160) BI 165]78]|87]|21j85]|54
Thermal conduelivity 32123 35|28 28 t21 |33 1 {20] 12| 2%
(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
coeflicient 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 comnecting 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 material 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 comectmg material of Reference Example 11, which

contained addifives, had a high coefficient of thermal conductivity of
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25 [0129] Wth the connecting naterials of Exanples 8-14, it is
possible to obtain exCellent viscosity for nmanageability, 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 thernal
conductivity of the conpact of the m xture of the fillex (B) and

NG TR W A e
Ref erence Exa”plc%na??ﬂmtf@f ﬁg?"ﬁ?@?ﬁ%ﬂﬁ% ggltguﬁg gt ieVEler (tBﬂdanﬁ addifive

relatively high coefficrent o uctivity o e cure
connect i ng mat eritghyANew 448 tBOHBMity ¥th® cOineltihg BlatdrBl wiRhigh.gh, and
therefore the visCosity of the connécting nmaterial was high. The
connecti ng mat erRefleréticebgd ER¢e Exanpl e 10, which cont ai ned
additives, had a |ow coefficient of thermal conductivity of the
conpact $5 of t[A&36f kHuBSerfate piotedive neterid) 2:amddaditing 3 veilk @)etalahlt
therefore the coefficient of thernmal conductivity of the cured
connecting mat erchép, W2as 12w 2cTiead derne ddk miremad ermold resm, k6 bpardc b
Exanmpl e 11, which nt ai ned. additives, had a high coefficient of

t her mal conduct ﬁW‘f&a@ﬁ ?ﬁﬁé‘%argéaaﬁ ROFEEESSHY material, 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[013011, 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, and
wherein the nmean particle size of the netallic 5particles is between
0.1 umand 50 um 2. The connecting material according to claiml1,
wherein the netallic particles are netallic particles that have been
subjected to treatnent for renoval of the oxide filmon the surface
and to surface treatnment with a surface protective material. 103. The
connecting material according to claim1, wherein the netallic
particles are netallic particles sintered at no higher than 200C. 4.
The connecting material according to claim1, which further conprises
a volatile conponent or a binder conponent. 5. A sem conduct or
device having a structure wherein a sem conductor 15elenent and a

sem conductor el enment -nounti ng supporting nmenber are bonded using a
connecting material according to claiml1l. 6. A sem conductor device
having a structure wherein-a sem conductor elenent and a

seni conduct or el enent - nounti ng supporting nenber areé bonded using a
connecting material according to claim2. 207. A sem conductor device
havi ng a structure wherein a sem conduct or
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el enent and a sem conduct or el ement-nounting supporting nenber are
bonded using a connecting material according to claim4. 8. The
connecting material according to claim2, wherein the surface
protective material is at |east one conpound having a term nal
25functional group selected fromthe group consisting of hydroxyl,
carboxyl, am no, thiol and disulfide. 9. The connecting materi al
according to claim2, wherein the sufCiacBVI§ otective material is at

| east one conpound having a thiol term nal functional group. 10. The
connecting nat&cbahceticgnetitogal cosipzising mothBicepartiches savihgem odygen
protective material is at |east one conmpound having a stralght-chain
al kane backixtate hatvd ngf lleds thanbdbd%at asrsmaastibdv byg Jaragr photelectron

functional group selected fromthe group consisting of hydroxyl,
carboxyl , arspeofrostomy, and dilwreii dhe mean parfitle Thee cofinbet nngtallic
material according to claim2, wherein said nean 10particle size is
bet ween 1. 6 partiales iSbetween §21 uthanddthent.i ng material according to
claim1, wherein said nmean particle size is between 1.6 [an and 50
p, m 2. The connecting material 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.
10 3. The connecting material according to claim 1, wherein the metallic
particles are metallic particles sintered at no higher than 200°C.
4. The connecting material according to claim 1, which further
comprises a volatile component or a binder component.
5. A semiconductor device having a structure wherein a semiconductor
15 element and a semiconductor element-mounting supporting member are
bonded using a connecting material according to claim 1.
6. A semiconductor device having a structure wherein a semiconductor
element and a semiconductor element-mounting supporting member are
bonded using a connecting material according to claim 2.
20 7. A semiconductor device having a structure wherein a semiconductor
element and a semiconductor element-mounting supporting member are
bonded using a connecting material according to claim 4.
8. The connecting material according to claim 2, wherein the surface
protective material is at least one compound having a terminal

25 functional group selected from the group consisting of hydroxyl,

carboxyl, amino, thiol and disulfide.
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9. The connecting material according to claim 2, wherein the surface
protective material is at least one compound having a thiol terminal
functional group.

10. The connecting material according to claim 2, wherein the surface
protective material is at least one compound having a straight-chain
alkane backbone having 1-18 carbon atoms and having a terminal
functional group selected from the group consisting of hydroxyl,
carboxyl, amino, thiol and disulfide.

11. The connecting material according to claim 2, wherein said mean
particle size is between 1.6 um and 50 pm.

12. The connecting material according to claim 1, wherein said mean

particle size is between 1.6 pm and 50 pm.
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