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DEVI CE TECHN

D The present invention relates to a resin paste H?%d
\ ductor chips such as IC, LSI or the like to a nega

for atta m
frame orc\

5 BACKGROUND ART Om ng to the striking growth of

electronics i ma®8¥ry in recent years, lthere have been devel oped

transi stors,

| Cs,

LSIs and ULSIs in this order; the degree of circuit

integration in these chips has s&&SCRIEFIONarp i ncreased the nass
production of the chips has beconeTpossibIe' as a result, sem conductor

products using t h®IENPFT ARG &

0 20 FEM GANRSIGIOR PEHCE connect i on,

how to increase workability and reduce cost in mass production of the

sem conduct or products has 15 becone an inportant issue. Conventionally,
sem con ductor products were generally produced by bonding a chip to a
conductor (e.g. a nmetal frame) by Au-Si eutectic alloying and then sealing

the result
pl ace of the

IC’

TR

faAﬁHFI Ehermetlc seal . Resin seal was devel oped, 20 in

ernmetic seal, for the reasons of workability in mass

production and cost, apd it dSOWHAAE! Genenaltdise I Lannection

therewi th, bonding by solder or resin paste (i1.e. die-attaching paste) has
paste used for attaching semiconductor chips such as

LSI or the like to a metal frame or the like.

5 BACKGROUND ART

Owing to the striking growth of electronics

industry in recent years, there have been developed

transistors, ICs, LSIs and ULSIs in this order; the

degree of circuit integration in these chips has seen a

10 sharp increase; the mass production of the chips has

become possible; as a result, semiconductor products

using the chips have come to be used widely. In this

connection, how to increase workability and reduce cost

in mass production of the semiconductor products has

15 Dbecome an important issue. Conventionally, semicon-

ductor products were generally produced by bonding a

chip to a conductor (e.g. a metal frame) by Au-Si

eutectic alloying and then sealing the resulting

material by hermetic seal. Resin seal was developed,

20 in place of the hermetic seal, for the reasons of

workability in mass production and cost, and it is now

under general use. In connection therewith, bonding by

solder or resin paste (i.e. die-attaching paste) has
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2'come to be enployed in the mounting, as an inproved neans for the Au-Si

. eutectic alloying. However, the bonding by solder is said to have probl ens

inlowreliability, easy staining of chip 5 electrodes, etc. and its use is
restricted to chips of power transistor and power |IC, requiring high
thermal conductivity. In contrast, the bond by die-attaching paste is
superior to the bond by solder, in workability, reliability, etc. and the
demand for @Pael@oabtrachirdgyvgastia ithe FOUEdsingg mdpiad YIOaLPYEshnection with
t he novenent of integration degree of 1Cs qr the like to higher density,

chi ps have B&é&%e fodcté&s PNgISy 1Rt G&t 1ich ald@aiti9rears. On the ot her hand,

copper frane has cone_to be us for 15 cost reduction, in place of the 42
alloy frame of high cgé’f"’e\mrch%%ﬁs%g rs’ﬁyl (?t‘?idqreak? f FAmen a chip

of 1Cs or the |like having.a size of .about.. 4 to 5 mMm.X.4.t0 5 ar_ | arger
"< heat - bonEd<t 828 EASar Y 15 "By LRI it SEE Gy hoUeRer - he
chi p cause c¢r i.ng _Qr [ nd, J_nwvit ri.Qr d |G rties

ow ng to%t h(eél%i(\#tré(r&éaﬁéeei%ﬁ ';A%él?igmt%egﬁaenmsoﬁ:e%g% dltéaght% béeriq e%qfhe chip

and the cOPReLich! aifen At chiishd SRS 1¢. 2 ucphliahy Thigh ismdisgause silicon

or the like which is 25 a materi for chip, S a thermal expansion

coef fici ent @hd3%tABAG .and rt kR ritherstl @ ITDD C eBfdiaitenthigfg t he 42
alloy frame is 8 X 10-6/C but that of the copper frame is as |large as
20X10-6/ C. basakders ts@perdcal ltevitddee Hobids br ellletsr,i tin sveaonsi dered to use
bondi ng by di e-attaching paste in place of bonding by Au-Si eutectic

al | oyi ng. Waén la toonvendtiiadridli taporer ot kexdhidet demgrrdesiar) based paste is
used as the die-attaching 5 paste, however, it is cured three-dinensionally
and t heléf ord tiach iagr @d spreodscti negrs e imiggira@igdi-c nodul us; as a resul t,

t he strain appearing between chip and copper franme cannot be absorbed. Wen
there is used an epoxylr Smpesipam &igh thegmavppentc wfed Prestinct of | ow
crossl i nki n%_densi ty, for exanple, an _epoxy resin containing a_|large anount
of an epoxy ttoRoEEres Afr d¢Sprddidte ot HeoweHahar SRRl ,c&RIRS obt ai ned

but it has | ow,_adhesi qn strength. Further,, an ordinary epoxy.resin has a
hi gh Vi ScosPEYC1ESGTEE WRGT SRSIRP I L TH ot gAY M - gidfes too hi gh

a viscosi tY e Jnt’&ftégggﬁﬁ‘%% at ahtalrge Ctoln{ge t%f rﬂ% gfse i and

Sl
consequent |"owW wor ab! i ion o arge amour a sol'vent thereto
for i nprieved Jwer kabidddiv,esW t3 442 ggnenal ion Of Keidsnd 0y ongdey, 20 to

sol ve such an i nconveni ence, there are i nveptl ons (JP— A-2000- 80149, .
JP- A-2000- 8122 and chPwAx2Q0Q-RRAERD) Jreaand a0 fesid. Pagias L£Lumid sing a

trifunctional glycidylamne type epoxy resin and a reactive diluent. Wth
t hese past esf lTasever tHd isemheandiictors ipac kagabthitobt aiged rhasxa 4l ow
noi sture resistance, when the glycidylamne type epoxy resin in the paste
has a hi gh d¢lol & imme cgoriteerter is heat-bonded to a copper frame by
Au-Si eutectic alloying, however, the chip cause crack-
20 1ing or warpage and invite deteriorated IC properties
owing to the difference in thermal expansion coeffi-
cient between the chip and the copper frame, and this
is posing a problem.
This is because silicon or the like which is
25 a material for chip, has a thermal expansion coeffi-
cient of 3X107°%/°C and the thermal expansion coefficient

of the 42 alloy frame is 8X107%/°C but that of the

copper frame is as large as 20X107°/°C. 1In order to



4 ‘DI SCLOSURE OF THE | NVENTI ON The object of the present invention is to
. provide a die-attaching paste which has a sufficient hot adhesion strength
and gives a cured product of low 5 elastic nodulus, and thereby, causes no
chip cracking or warpage and resultantly no property deterioration of 1C or
the |ike even when used for bonding of3a large chip (e. g. I1C to copper
frame or the like, and which is rapidly-curable, and generates no v0|d 10

The present dhashitdton this prPkledie- Jaiitla%mwgsy%%%dcwsf%lb@n

essential caonponents: (A).a liquid ep&ég resin cqggr|3|qué a# an epoxy
resin repreéﬁhﬂ%kFTﬂFQQﬁ?#QﬂIHﬁﬁ Gertate 1o mARA¥RY LMt hing chlorine
in an anount of 500 15 ppm or s and havin 8 Vi ScOosS f. 5,000 nPas or

| ess at 25CEHGF(H lc%ﬁv{}h%’r eI R iz & a?r%/’f Jiu%p(?fé% ﬁbhelh?% 3 carbon

atoms or -Hg noquz% eth HG e@r;%lspczeg g %é‘é&‘ga%eﬁ% '<¥ff‘e dé%%’féﬁzfr?gnt aini ng

chlorine in&n a ppm-or Tess an avin VI SCOSI of 1,000

mPas or '@S ﬂﬁ wmef aty tP P§ cix?ééd (é@e@%ﬂgeﬁl@l&@awﬁ&&o (B) a

phenol conp avi ng at eas
therefore its cured product has a high elastic modulus;

as a result, the strain appearing between chip and
copper frame cannot be absorbed.
When there is used an epoxy resin capable of
10 giving a cured product of low crosslinking density, for
example, an epoxy resin containing a large amount of an
epoxy monomer, a cured product of low elastic modulus
can be obtained but it has a low adhesion strength.
Further, an ordinary epoxy resin has a high viscosity
15 and, when mixed with an inorganic filler, gives too
high a viscosity, resulting in stringiness at the time
of dispensing and consequent low workability. Addition
of a large amount of a solvent thereto for improved
workability results in generation of voids. In order
20 to solve such an inconvenience, there are inventions
(JP-A-2000-80149, JP-A-2000-80150 and JP-A-2000-80151)
regarding resin pastes comprising a trifunctional
glycidylamine type epoxy resin and a reactive diluent.
With these pastes, however, the semiconductor package
25 obtained has a low moisture resistance, when the
glycidylamine type epoxy resin in the paste has a high

chlorine content.



hydroxyl groups in the nolecule, 5 (C) a latent curing agent, (D) an

. imdazol e conpound, and (E) an inorganic filler, wherein the anmounts of the
conponents (B), (C and (D) 5 are 1 to 10 parts by weight, 0.5 to 5 parts
by weight and 0.5 to 10 parts by weight, respectively, per 100 parts by

wei ght of the conponent (A), and the awunt of the conponent (E) is 25 to
900 parts by weight per 100 parts by weight of the total of the conponents
(A, 10 (B) DISQOHME (@) THEhEVHENBEYN invention lies also in a

sem conduct or devi ce produced by using the above die-attachi ng paste.

DETAI LED DESCRI PTI ON GRherpgo] aWENTE Nta P e | kit eRpbdy +ost® (A) used in

th t i nti | i i J 1 fed by th
Genet al T or RAG(IY itk S1F Can 7 GUER Lortat oh g chahFooL ol Piient (a2)
dth i ght i 0 of 1): is.40:60 to 90;10. Th in 20
(a1) ropr st B TR GO P19 (4) Ra B CPOTTHEL okt S of 500
| . | orj t th i d
Pocause the 78T pastl Al RS PR B P B R RS PG

i sture r e%ﬁt@{%d@%&%ﬁé’sdi’tﬁé mﬁ&%ﬁp%ﬁiﬁ O&e@ﬁff@]ggti&fgeogpoxy

resin (al) represented t he general” for can have vari ous

ol ecul ar wei @M S ; t NIOVIBMES | e Pdh 8RO WSS NEi I6dndBSg Bo M@l 1argd nol ecul ar
weight and is liquid at roomtenperature, is preferred. The epoxy resin

(al) needs tehiy@ve &g ViEToStd Yesbpdr 00famdPasr ofthé essk@t 2L (K Dem t he
standpoi nts of the workability in conpounding of the 5 present

di e-at tachi nigs paestied et dedo o kaald | géryedtddienpast &d conpounded. The epoxy
group-containing reactive diluent (a2) to be mxed with the epoxy resin
(al) represented by t Hheepegsdnt ormvgat {dA) 15es ebjui 2 edie o2 bhaaehdnd 0
chlorine content of 300 ppppmor |ess and a viscosity of |,000 nPas or |ess
at 25C. A cHaTInECTtentindf Foressahl Bbocypperentdt referred because the
resin paste produced using such a reactive djluent shows a | ow npoi sture

resi stance when used ifa %ehd TOHURROFY 158 HHe KefeRT WS c b3t t y3Bf nore

than 1,000 nPas is not preferred framthe s ojnt of the workability of
t he paste co%%d%?l%%eesse%?eé%@'rg}%t#s‘gpﬁﬂ%%nqer{%%l are n-butyl

I'yci dyl | yCi . icacid, i de, , et hyl hexy!
o vei dyl 20 Sp oL S AVERY SRBH Sad ek SRS Ko na”

but yl phepyl glycidyl. &1 hety ey CONPOLNGS;: Can,bes Used mpAOLYoPr 1N

conbinatloné% two or nore kinds
less at 25°C:

0O

X

O
R——+— _-—_N//\\\<:j
/kdo
O
wherein R is an alkyl group having 1 to 3 carbon atoms
or -H, and (a2) an epoxy group-containing reactive
diluent containing chlorine in an amount of 300 ppm or
20 less and having a viscosity of 1,000 mPa's or less, the
weight ratio of (al): (a2) being 40:60 to 90:10,
{(B) a phenol compound having at least two

hydroxyl groups in the molecule,



The wei ght ratio of the epoxy resin (al) represented by the general fornula
. (1) and the epoxy 25 group-containing reactive diluent (a2) is 60:40 to

90: 10. When the proportion of the reactive diluent (a2) is nore than 40% by
wei ght, the resin paste obtained gives a | ow adhesion strength; when the
proportion is less than 10% by wei ght,5the resin paste obtained has a high
viscosity and | ow workability; therefore, such proportions are not
preferred. In the presépt 3 Nl orcuUbtHEraExy resins 5 may be used
together with the liquid epoxy resin (A) preferably in an anmount not
exceedi ng 300 by wei gth)of‘fri} h%mt%i‘%ﬁl%p%ﬂé&’?% 'nsa.‘X‘%'he ot her epoxy resin
whi ch may be mxed with.the liquid epoxy.resin (A includes, for exanple,

al i phati c epoxy resins e o Eﬁ@n ) %* ?%yl et her (obtained by a

reacti on bet )30l S i,sph e iC v C resol
novol ac or t%@%nel]l%g %}géd %E epsl ??ﬁ ?)&r% ygrl ncjllf:erbtg%]a e)lj'i of@gi g ?cf%gl et her,
neopentylgly. gl yCi ‘agg% e dike;, het chd resins
such as 1 I g ygi%l%%%ﬁiq% an %’ Iclb'k%?t%n% %%%o%)%’gw%g%% resins
such as vi nyd,eych ohexengy dboxi £e %&y@&@p%@ﬁé@@ﬁv@hﬁwg@r abocyclic
di epoxy adi pate and the like. O ¥hese conpounds, one kind or a conbi nation
of two or mMyerdd nsks waiyibe disethe 26bmhendhencd) coapoutige (Bowsedofn the
present invention functions as a curing agent for epoxy resins. The phenol
conpound ( B}thesetbniporidret ptRserd 2 hvient 900 st s i oy tunel giot esed e] 00 wo or
nore active hydroxyl groups capable of reacting with epoxy group to give 25
rise to crossAitkilg. wekenpl et Uie steteh phelod conpowerit ar 88 bi sphenol A,
bi sphenol F; bisphenol S; tetranethyl bi sphenol A; tetranethyl bi sphenol F;

t et ramethyl biBpheHo! a2d diBWdr oxydi phenyl ether; 8 di hydroxybenzophenone;
o- hydr oxyphenol ; m hydr.oxyphenol ; p-hydroxyphenol ;_ bi phenol ;

t et r anet hyl bi phenol ; Ié&fﬁﬁ@ﬁ?sﬁ%@%%ﬁ%ox Ihes also’in a semicon-

met hyl et hyl i denebi s( et hyl phenol ) ; .cycl ohexyl.i denebi sphenol ; enol i c

novol ac. r esi P B HETHO By Tetsd 1% S Hoh ot T praner b2 B heno
cresol or xyle ) with formal dehyde in a dilute aqueous sol uti on under
strong aci dity; precondensates obtained in a reaction between nonohydric
phenol and pol yfunctional al dehyde (e. g. acrolein or glyoxal) 10 under
acidity; and precondensates obtained in a reaction between pol yhydric
phenol (e. TSI tesCRiLEROY Of Twer pautgeney and formal dehyde under
acidity. These conpounds nay be used singly or in adm xture. 15 The phenol
conpoundi % B) is used iThanl sdwidtewdxy} tosilh pRYy tesby el ghé per 100 parts
by wei ght of the liquid epoxy resin (A). Wen the anount of the phenol
conpound ( B)prssémssinhant lopacdmibpyi sws gint , emex ¢ hees suf fat) ent adhesivity
nor low stress is 20 obtained; when the anmount is nore than 10 parts by

wei ght, nei t¥epresgéiiedapny teatgerseisl aheempba §uf fardemn ePP®Si vity is

obt ai ned; therefore, such amounts are not preferred. .
group-containing reactive diluent (a2), and the weight

ratio of (al):(a2) is 40:60 to 20:10. The epoxy resin

20 (al) represented by the general formula (1) has a
chlorine content of 500 ppm or less. A chlorine
content of more than 500 ppm is not preferred because
the resin paste produced using such an epoxy resin
shows a low moisture resistance when used in a semicon-

25 ductor package. The epoxy resin (al) represented by
the general formula (1) can have various molecular

welghts; however, an epoxy resin which has a small



The latent curing agent (C) used in the 25 present invention functions as a
. curing agent for epoxy resins. It functions as such at high tenperatures
but does not function so at roomtenperature. Exanples of the latent curing
agent (C) are carboxylic acid 9 di hydrazi des such as adipic acid

di hydrazi de, dodecanoi ¢ acid di hydrazi@e, isophthalic acid dihydrazide,

p- oxybenzoi ¢ acid dihydrazide and the |ike; and dicyandi am de. \Wen the

| atent curi fpafenies Wadohts akds alsl%ﬁrﬁ)éﬂédr%nﬁ ht%ﬂf%ti}%ﬁvg 1% made

using only the %henol c%ound )&B a, re kabl € hot adhesi on
strength is R heFPORY He the'd er}ﬁ r'%é‘%‘@%rﬂ (O has a
smal | er eqU|vaIent than_t . Lo und (B), onbi ed use of the
agent 1? (C) V459 e cforf{;eqjcﬁdq H(rl%) Sca(?r?)gli%s aB'% e%% Ts?né %t not so hi gh
vi scosity. e , aresin
paste of exc r{b%{r%{or agenﬁ} %er can Xge ob A nel%%lr‘%t C?jfa)tten curing

agent (Os | aedd nyan ATouts of ;Qas%% % PAIL Sy kS el i e pae 100 parts

by wei ght of |qU|d epoxy resin When t he anount the | atent

curing agentpddfe icmiRsgmddan 0.5 part by weight, a | ow hot adhesion
strength is obtained; when the anount is nore than 5 parts by weight, a

suf ficient Iom/stressmﬁ%rgﬁoiy)g&ﬁap#&ﬂhtdiﬁﬂﬁﬁ(Héactﬁméldﬁmu&ﬁﬁ are not
preferred. The i m dazol e conpound (D) used in the present invention is an

essenti al cofgneit Heomiadddwingh titres regsixy pasdin ofal herquesssitedivent i on
to have rapid curability. Exanples of the im dazole conpound 25 (D) are
ordi nary i mxazZdiegensde last@metay(ln dazeuigedttylhavelazol e,

2- phenyl i m dazol e, 2-phenyl -4net hyl i m dazol e,

2 phenyIlQl @erga Wt@wmyﬁ qnm(ﬂre less and a viscosity of

2- phenyl - 4, 5- di hydr oxynet hyI i m dazol e, -C~1HZ, -i m dazol e_and t he

| i ked and cdmﬁﬂﬁ; abb?t fAmeFy aa‘ﬁd?%gct hebl* ecil'bl?ﬂ%ezﬁ?@“iﬁ'n)‘f Sokyanuric acid

for higher stora

o di ot RIS I T e £ s %%fh%ﬁr%dﬁ?%aﬁ% e i TS H i socyanuri ¢
d adduct. i f t
oo %S&ef%rﬁod%" U5 080 e Lol e b L BT & 0L 1o, O
ts b A WA
P ot o B ﬁa‘éoﬁse@%o%%l)und‘ dgéde 'eés’?%ﬁf@&éd%‘f‘ﬁif? L) vhen
wei ght, tde @&%&urq@u}ﬁ%ﬁt& or 1S L4104k 150 0 RS B | 5 | ST 1 Ci ent

when t he anDunt is nore than 10 parts by weight, the resulting resin paste
shows no nDrerd MFEMENERYn | the apt shds bt | &£ yriad dedBlalshowe ¥ esieicege 15

storage stability; therefore, such anbunts are not preferred.
paste compounded. Examples of the reactive diluent
(a2) are n-butyl glycidyl ether, glycidyl ester of
versatic acid, styrene oxide, ethylhexyl glycidyl
20 ether, phenyl glycidyl ether, cresyl glycidyl ether and
butylphenyl glycidyl ether. These compounds can be
used singly or in combination of two or more kinds.
The weight ratio of the epoxy resin (al)
represented by the general formula (1) and the epoxy
25 group-containing reactive diluent (a2) is 60:40 to
90:10. When the proportion of the reactive diluent

(a2) is more than 40% by weight, the resin paste

obtained gives a low adhesion strength; when the



The inorganic filler (E) used in the present invention includes a silver
_powder, a silica filler, etc. The silver powder is used for higher

el ectrical 20 conductivity, and contains ionic inpurities (e. g. hal ogen
ions and alkali netal ions) preferably in an amount of 10 ppmor |ess. The
particle shape of the silver powder cah be flaky, resinous, spherical or
the like. The particle dianeters of the silver powder used 25 differ
dependi ng uporPRet Fayul § ele s selan t Y0pfoyheei gt n pagteeptodbeel® however,
ordinarily, the average particle dianeter is preferablz 2.10 10 ~m and the
maxi mum par tPRTRIREAMRASI2 | R1PR eT 7 e YT BbdE 5OWWeFXeP441tY/ i s possibl e

to use a mxture of a rel iveI%%coarse silver P@F%fr and a fine silver
t

t
powder. |t iEP%E%_OE%@s?%E Rp° Ethﬁéﬁp%?%p??g &ttFe- of silver powders
of different particle sha §§£$§$%Q§tsiﬁ%ggtiéﬁae%tH§§d§%$§%g§%ﬁlg§e”t

i nventi on has an aver agé ranet ér "o o) € Tmaxi num

particle g ey o oL 50 e Oh | oaecn WD 115, RYcEage, PRELLE fafl ameter 1

| ess than 1 he fesu ng resin pas viscosity: when 10

the average pagtd£lier di ACLLT ahSuFPT ot NaR-204 1y tb¢ }5?8&4&1&1@9 §@sin paste
causes resin flow during its coating or curing and resultant bl eedi ng;

therefore, sged ByesRISPRFIIEsEndi aneherstnee apbxpreéeinednidhen the
maxi num particle dianeter I1s nore than 50 Vim 15 the outlet of a needle is

pl ugged whemihebs asikéd Ngitlestine pasyeid sesoryetdessnngAp thhepedssy, naki ng
i npossi ble the long continuous use of the needle. It is possible to use a
m xture of afoelatamely, cohigkasiti epoky| tesiandsachi ae sdlyea filler. It
is also 20 possible to use an appropriate mxture of silica fillers of

di fferentOpagiveldybheplesr fpbtaorganby &iréectbohebettaant he) sil ver power
and the silica filler may be used in order to inpart a required property.
25 The anountig@herel horlghepkerel| Br pPrgnoiddg pQVobago 9PBSParts by wei ght

100 ts b ight of the total th t A, (B, (C d
rey 100 gt bioye o ol Iheiotal gl Lhecehmponcite,( DeulBly () o
duct of th | £ i te h fficient i nf d
progict o WIes o3l e esinogs sleon T L0 LA BEEEE
toi t i ght i L 5 te h
arouT, |3 oLt 090 900 oYL OB cp L FERULLIBphegin © pai e has

inVe”tiOPS”Hai§99é§&?1 BSaHLEESRALNa BALI 1 ¥EF §H&ha@§g§&h@eeegeﬂpling
agent, titanate coupling agent, pignent, dye, antifoam ng agent,

surfactant, setvestsadl sbevihkecas1bpegedl asokhgeprapeytiges of the resin
paste required for intended application are not inpaired.
pentadiene dioxide, alicyclic diepoxy adipate and the
like. Of these compounds, one kind or a combination of
two or more kinds can be used.
20 The phenol compound (B) used in the present
invention functions as a curing agent for epoxy resins.
The phenol compound (B) used in the present invention
has, in the molecule, two or more active hydroxyl
groups capable of reacting with epoxy group to give
25 rise to crosslinking. Examples of such a phenol
compound are bisphenol A; bisphenol F; bisphenol S;
tetramethylbisphenol A; tetramethylbisphenol F;

tetramethylbisphenol S; dihydroxydiphenyl ether;



The resin paste of the present invention can be produced, for exanple, by
_ prem xi ng individual conponents, kneading the prem x using a three-rol

mll 15 or the like to forma paste, and degassing the paste under vacuum
The sem conductor device of the present invention can be produced by using
the die-attaching paste of the present8invention and further by using the
conventional ordinary nmethod. 20 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
Next, the preSeYRreRVReRTINERORPecyTHERT PYYRIRSR?+ b8 BYIFRYYDf Exanpl es.

I he EX les, th i h . b
wel ght . ExaReo L (ot oy e Ogar ot | S EREg L obe 3r 1BS boY S5t BREhEbimonent s
h in Tabl . and 2. d d, k d i th croll mil
To obtaln varTorb AT HEAtae T R R Y B Y L AdP A s 1R By e Sl T &
hamb ; ] ti
vacuum chabey aty 2. oiHa. £ o 30 8 Dyt e, 200, 1 hen Peaur eds [oE proper i es

according to W hg ne poxy resin of general fornmula (1)

(epoxy resi no@eeéﬂa%éd%ﬁcpééwiﬁgZa%&afﬁérié%ﬁénébl prige gpoten = 400
ppm epoxy equivalent = 220 Epoxy resin of general formula (1) (epoxy

resin 10 al -2)ésyi s€OSkYerro?) WDt HPESKmA Diahy&b| of i Aeqcpptent = 350 ppm
epoxy equi val ent = 235  Epoxy resin of general formula (1) (ELM 100

produced by Smed0a0s&heri el uk@er stidfly acRIFtLHPrdbondesosteéy = 4, 000
mPas, total chlorine content = 3,000 ppm epoxy equivalent = 250 Epoxy
resin of gengdsiadifiednith aa (d¢adE G300 prwdens edoyhBirit JghpaolLédd, R = -H):
viscosity = 8,000 nPas, total chlorine 20 content = 800 ppm epoxy
equi val ent =PeBPfuBEthbembl a idelypede epoxy- rasiale¢BPAYTr gisewvsity = 9, 000
nmPas, epoxy equi val ent _ ,
10" under acidity; and precondensates obtained in a
reaction between polyhydric phenol (e.g. resorcin,
catechol or hydrogquinone) and formaldehyde under
acidity. These compounds may be used singly or in
admixture.
15 The phenol compound (B) is used in an amount
of 1 to 10 parts by weight per 100 parts by weight of
the liquid epoxy resin (A). When the amount of the
phenol compound (B) is less than 1 part by weight,
neither sufficient adhesivity nor low stress is
20 obtained; when the amount is more than 10 parts by
weight, neither sufficient heat resistance nor suffi-
cient adhesivity is obtained; therefore, such amounts
are not preferred.
The latent curing agent (C) used in the
25 present invention functions as a curing agent for epoxy
resins. It functions as such at high temperatures but

does not function so at room temperature. Examples of

the latent curing agent (C) are carboxylic acid



- 185 Bisphenol F type epoxy resin (BPF): 25 viscosity = 5,000 nPas, epoxy
equi valent - 170 Reactive diluent (a2): t-butyl phenyl glycidyl ether
viscosity = 400 nmPas, total chlorine content 14 - 110 ppm Phenol
conmpound (B): bisphenol F Latent curing agent (C): dicyandi am de (DDA)

| m dazol e conmpound (D): 2-phenyl -4-nmethyl - 5- hydr oxy5 met hyl i m dazol e
(2PAMHZ) Inorganic filler (E): Silver powder: a flaky silver powder having
particl e di &ibverezifies. B 56 2dhrdid g daFdlae azaids cl e 10 di ameter of
3 E~mSilica filler: a silica filler havin an average article dianmeter
of 5~ m anéioﬁﬁéfaﬁﬁﬁcnﬁrﬁl&ardﬁhﬁdé‘acﬁ%téfs higgld Crnai:!i1L t hods Laced for

31;2' ‘éé“asurgﬁl ?Péﬁdﬁg?z&r?eﬁ nga%efeﬁa‘?saﬂlé%@f:“' %4 FS rom ”ZBZT
E A

about 150 Weiarha IR EATRE R dEndl & %%qﬁa@le%f;?eé“.% an
oven of 709f 3%s@dnusgrom QI 1138 LI O o tgﬂ%a Lgigfhen, the

25 resul ting f|In1peeIéd l'on sheet was ubject ensil e
test at a tegl engt %lh%fno]iOQ: At Al ld nenAleofy hi erﬂ o obtain a

stressstrain curve. astic Ius was cal cul ated fromt

adhesion strength is obtained. Further, since the
latent curing agent (C) has a smaller equivalent than
the phenol compound (B), the combined use of the agent

10 (C) with the compound (B) can give a resin paste of not
so high viscosity. Furthermore, since the agent (C)
has latent curability, a resin paste of excellent
storage stability can be obtained. The latent curing
agent (C) is used in an amount of 0.5 to 5 parts by

15 weight per 100 parts by weight of the liquid epoxy
resin (A). When the amount of the latent curing agent
(C) is less than 0.5 part by weight, a low hot adhesion
strength is obtained; when the amount is more than 5
parts by weight, a sufficient low stress is not

20 obtained; therefore, such amounts are not preferred.

The imidazole compound (D) used in the

present invention is an essential component for allow-
ing the resin paste of the present invention to have
rapid curability. Examples of the imidazole compound

25 (D) are ordinary imidazoles such as Z2-methylimidazole,
2-ethylimidazole, 2-phenylimidazole, Z2-phenyl-4-
methylimidazole, 2-phenyl-4-methyl-5-hydroxymethyl-

imidazole, 2-phenyl-4,5-dihydroxymethylimidazole,



initial gradient of the curve. Adhesion strength A 2X2 mmsilicon chip was
. hounted on a copper franme using a resin paste. The resulting material was 5
pl aced in an oven of 170C for 30 mnutes to give rise to curing of the
paste. Then, die shear strength was neasured using an adhesion strength
tester at 25C and 250C. Warpage anpudf 10 A 6X15X0.3 mmsilicon chip was
nmounted on a_ copper . frame of 200 ~n1in,th{ckness using a resin paste. The
resul ting ned €ra-WasdarPoRednfotiahdkai FRECCPBPORBARI RELELNEE give rise
to curing of the paste.. Then, the warpage of the chip was asured 15 using
a surface rok@@rﬁ%‘gjan erere? e?fl"l’@'@‘?h.rléswa}nu%' stat rT’re%gi stance A
si mul ated chi p_.obt ai.ned by form al um nu L rings. on a silicon chip was
nmount ed on grggﬁﬁgrs??ﬁﬁﬁggﬁt%Pﬁié%X?l?]%T?%ﬁglé?n_%%g % ﬁ%age) using a
resin 20 pasiéen NG, f@epl1dng fpLech gl -yes, placed op pasoven of 170C for 30
e go

. 1 ) .
mnutes to give rise to curing of t paste. n, d w re bondi ng was

conduct eds Thesea{ef;c tLansf eganmt di nghyes condyet 88 Hgh NGe s €FOXY
nol di ng conmpound, EME- 6300H produced by Sum tonb 25 Bakelite Conpany

Limted, undefnghe conthtionsxoird 70€ and @r mawé epindgl | oned by
post-curing under the conditions of 175C and 4 hours. The resulting package
was treated inidapsBsstspaenokerDunierusde conahtamosnt d6 0f5126C, 2.5
atm and 500 hours, to examine its circuit defective (%9. Pot life Aresin
paste was alldwsrt® sy anell gint go&r t hed npatas by 2&CJandofreblsered for the
nunber of days in which the viscosity of the paste becane at |east 1.2
times the inilquald\ﬁm%‘.éilf%s.lnTb@hl chinemr i Blee copeent @abotle1l g of an epoxy
resin was accurately 10 weighed in a 200-m flask with flat bottom Then,
zeol i t e Hhd P5ldAzke (CHURGHRAr bt o} S we? S abfd@d P n° tRREC P ¥erei TR
resulting mxture was heated to dissol ve the. epoxy resin. ter natural

cool ing, 25 ﬁqeoﬁaQﬁ %F%ﬁ%h%hgyp%fagg?uﬁ?ﬁQHF &?d€e§bFU??€£emb§ added. The
15 resulting.ngx gre.maé,reﬁlux d fo& 10 ninq%eg m%thnhfgtiggt The m xture
was al | owed 178" %ootCTor - andut” 1V huF O ThE 17 a4k %o ?%nts wer ?r%%sferred
into a beaker,. t f kaLnsid do Lt o 0O m of glacia
acetic acidqg%ﬁﬁ$ﬁb gﬁ%h+%§%l%£$% ??%%@ ¥%§€§r?%%w$n$§ # Eébeaker. Then,

pot ent i omet rir&pfé%é@éﬁ@nie@/a§a§9@dyﬁ£§sliy§wgaﬁd0m9§ M aguegyscsil ver
nitrate solution. A blank test was al so conducted in the sane nanner. The

total chiorige;cog estahnl ihe; epRXYe 686N ¥ashdghenntvedrérastrthe fol | owi ng
equation. 25 Total chlorine (wt.0) [{0.01XfX (V-V ) XAW/ (WK1000) ] X100
preferred.
The inorganic filler (E) used in the present
invention includes a silver powder, a silica filler,
etc. The silver powder is used for higher electrical
20 conductivity, and contains ionic impurities (e.g.
halogen ions and alkali metal ions) preferably in an
amount of 10 ppm or less. The particle shape of the
silver powder can be flaky, resinous, spherical or the
like. The particle diameters of the silver powder used
25 differ depending upon the required viscosity of the
resin paste produced; however, ordinarily, the average

particle diameter is preferably 2 to 10 um and the

maximum particle diameter is preferably about 50 um.



f: strength of 0.01 N aqueous silver nitrate solution 17 V. volunme (m)
of 0.01 N aqueous silver nitrate solution used in titration for the epoxy
resin V' : volume (m) of 0.01 N aqueous silver nitrate solution used in
titration for blank test 5 W weight of the epoxy resin AW 35.46 The
results of evaluation of properties atke shown in Table 1 and Table 2.

Tabl e 1 Exanpl es123456789Conpoundi ng (wei ght parts) Epoxy resin

al -118. 21 8. 2252830864133 EpGry UsSEsian Maixt2IR. 2EPR4 1848811 vRUtY Iqsiearsd

gl yci dyl 9. 8544168568. 8et her Bi sphenol .

F111122222DBAAVEE. OWIEr4@150 353156 50. 13204 MFsiery. 84.576-S7 B 15P. 51. 51. 50. 7Si
| ver powder 7070707070Silica filler50505050PropertiesVi scosity

(Pas) 152021 P8883 836257 AfReSifofPpropriate mixture of silver
strength(gf/chip)250>4%gg>4000>4000>4030>4 00>4000>4000>4000>4000250C150013
80207017001 B8YT5661 650 1836 46O RaPFAde Canfo TP PEFun) 707580708065807668El ast i ¢
nodul us (MPa) 50964508 0 2470 1 0 fectd (o)
inOOOOOO%bONbisture rgg%sgéﬁééétgéﬁé%?-ﬁ¥#%5?233%%%é§$7%%§5cweraII

rati HQWnQiEne)ﬁ%%l LN bverbdRl @2 tSUDATALING SXYH 85 1234%678910Com

oundin (wt. Parts)Epoxy resin

al - 1726l 8. 2%&- 246 (ALBRAZL BRI LAELM1Q0HE 22 t@3033 Bulyd RAeNWss .
gl ycidyl 772121 0. 871610. 877et her Bi sphenol

F11113. 8211 HBA0 +3Q. 468e3Q.g40 p3@-t3Q.120 BGm3d .42 RAVHIER 57 & H30y 40.p#0). 70. 71. 50. 7
5DBU0. 3Si | ver powder 707070707070707070Silica filler50Pro ertiesViscosity
(Pas) 30251259E63455241 628 Adiscsi maste has a high viscosity; when

strengt h(gf/ chi p) 25C>4000>400020501 0303800>40002600>400035002300250C1100125
0470600860120€8e0e75020Pe30Warlpags aavedent i(SEmener *@E807306808@El ast i c
modul us (MPa) 7056696039208036490073505096548854885700Def ective (0) in

noi s- 1003040 ES0LGLO06F2GHEr PAES SPHFEE tr&ftimotf W guring its

(days) 77756646150veral | rati ngXXXOXXXX  DBUL ,

1, 8- di azabi &P&ES, &’,‘—’0%&-@&%@-‘17 r’ezs‘ﬁ%iﬁ&e@ql&%%lﬁr@%%g to

generation %Ec%r%%@fg%é %£¥yﬂ%fé’df5§é'gf¥ are not preferred.

When the maximum particle diameter is more than 50 pum,

15 the outlet of a needle is plugged when the resulting
resin paste i1s coated using a dispenser, making
impossible the long continuous use of the needle. It
is possible to use a mixture of a relatively coarse
silica filler and a fine silica filler. It is also

20 possible to use an appropriate mixture of silica
fillers of different particle shapes. An inorganic
filler other than the silver power and the silica
filler may be used in order to impart a required
property.

25 The amount of the inorganic filler (E) used
is 25 to 900 parts by weight per 100 parts by weight of
the total of the components (A), (B), (C) and (D).

When the amount is less than 25 parts by weight, the



20 As clear from T Tables 1 and 2, Exanples 1 to 9 gave resin pastes which
were high in hot adhesion strength, lowin stress (i.e. small elastic
nodul us and snal |l warpage anmount), long in pot life and superior in 5

noi sture resistance. However, in the resin paste of Conparative Exanple 1,
since a bisphenol A type epoxy resin Mas used, the | ow stress property was
inferior, the warpage anmount was | arge, and chip cracking generated. In the
resi n past ecotedoppadicityve fEthgpiresud tAndsinesd na teisdighddd 1P type epoxy
resin was used, the |ow stress property was inferior, the warpage anount
was | arge, aRdIdRipnErdckrAgigeredat B¢ChpRichd PasPeIfdste apd GaPparati ve
Exanpl e 3, since the anmount of the reactive diluent used was |arge, the
reduction i A 18Ya@RBSSERNs CLERGERPWEECOST SKIERF .. | WhSke ThSsiEmopadt e of

Co tive,Exanple 4, si t h t .of .th tive .dil uent, used
sral I, the JPSBOSE § RS “HOgR=2i N FEAGDSd TRE RSFKALILA% ¥ S the resi n

paste of ;Coppatat jue Exg%ev’gﬁyc%:sgg@ 19 Phenol, ComRynd as 20 used, the

adhesi on stggngth was strrkin he resin paste-of Conparative

Example 6, since the agpusbsal, bAgcehenolreomhauad sed oMy habge the hot
adhesivity was low. In each of the resin pastes of Conparative EXanples 7
and 8, sincecaRa@ROX¥sl 8eicBs@hrdy Ridh tlivkal selhonkisngigapieriupas used, the
noi sture resistance was strikingly low In the resin paste of nparative
Exanpl e 9, shgcegthe,afbuahadk icougazoke adsed , Was gmah@e, dyee pet-i fe was
strikingly short. In 21 the resin paste of Conparative Exanple 10 which
used a tertifapypian agenn, pkac€aafaan,i sodazolte anchehrpildtker @sr d®inst ance was
| ow. Thus, the resin paste for a sem conductor 5 according to the present
i nventi 88 has &hei ghohetrtadlesifothst resgnh pasd e seswdeeidorfom stress

rel axation and, therefore, is suitably used in bonding of a large chip
(e.g. 10 ténteppeld pprAecafdonanrpr 8péntimpad fecoperty deterioration of |

or the like, caused b¥ the 10 chip cracking or chip strain appearing in |
assenbl ing. he resin paste of the present invention can

C
C

be produced, for example, by premixing individual
components, kneading the premix using a three-roll mill
15 or the like to form a paste, and degassing the paste
under vacuum. The semiconductor device of the present
invention can be produced by using the die-attaching
praste of the present invention and further by using the

conventional ordinary method.

20 BEST MODE FOR CARRYING QOUT THE INVENTION
Next, the present invention is specifically
described by way of Examples. In the Examples, the
proportions of components are shown by parts by weight.
Examples 1 to O and Comparative Examples 1 to 10
25 The components shown in Tables 1 and 2 were
compounded and kneaded using a three-roll mill to

obtain various resin pastes. Each resin paste was



| NDUSTRI AL APPLI CABI LI TY The resin paste of the present invention is used
for bonding of a chip and a netal frame or the 15 |like, both constituting a
sem conductor device in electronics industry. 22 CLAIMS 1. A

di e-attachi ng paste conprising, as essential conponents: (A) a |liquid epoxy
resin conprising (al) an epoxy resin ¥®presented by the foll owi ng general
formula (1), containing chlorine in an anmount of 500 ppm or, | ess and having
a vi scosi t y389255600 1rPas VeFUBs shafbescato<- g o 3§ pioWissrein R i s
an al kyl grouB hgvin lto %arbon atong or -H, %Pd (a2) .an epoxy

gr oup- cont aPRPNGRFBaRERFETER GERt PEGREATHERg 3CRPEFLRE it &Ranount of 300

ppm or | ess aT? havinﬂ hviscosity of 1,000 nPas or |less at 25C, the weight
rati o of (af?. 85}n8e ﬁg 26?60 to 90:10, (B) a phenol conpound having at

| east two hydr oxyl greﬂgggbgﬁ%gguggﬁgcule, (C a latent curing agent, (D)
an i m dazol e conpound, an itnorganic filler, wherein the anounts of
t he conpagnent , a I Kt Lghtin 0.5 to 5 parts
by meigh? andE8§§btgé%%npggtg@%féagigﬁ%&u}gsggét$§§¥?&e§%?l?00 parts by

wei ght of theggonpenent (A), and the anount of 23 the conponent (E) is 25
to 900 parts by weight per 100 parts b~ weight of the total of the
conponents (A), viscosity = 2,000 mPa's, total chlorine

content = 400 ppm, epoxy equivalent = 220
* Epoxy resin of general formula (1) (epoxy resin
10 al-2):
viscosity = 4,000 mPa-'s, total chlorine
content = 350 ppm, epoxy equivalent = 235
« Epoxy resin of general formula (1) (ELM-100 produced
by Sumitomo Chemical Co., Ltd., R = CH,):
15 viscosity = 4,000 mPars, total chlorine
content = 3,000 ppm, epoxy equivalent = 250
* Epoxy resin of general formula (1) (E-630 produced by
Shell Japan Ltd., R = -H):
viscosity = 8,000 mPa's, total chlorine
20 content = 800 ppm, epoxy equivalent = 280
* Bisphenol A type epoxy resin (BPA):
viscosity = 9,000 mPa‘*s, epoxy equivalent
= 185
* Bisphenol F type epoxy resin (BPF):
25 viscosity = 5,000 mPa*s, epoxy equivalent
= 170
* Reactive diluent (a2): t-butylphenyl glycidyl ether

viscosity = 400 mPa‘'s, total chlorine content



~ (C and (D) . A sem conductor device produced by using a die-attaching

. paste set forth in Caiml.
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* Viscosity
The viscosity of each resin paste was
measured using an E type viscometer (3° cone) at 25°C
at 2.5 rpm.
20 ¢ Elastic modulus
A resin paste was coated on a Teflon sheet by
10 mm width, about 150 mm length and 100 pum thickness.
The coated sheet was placed in an oven of 170°C for 30
minutes to give rise to curing of the paste. Then, the
25 resulting film peeled from the Teflon sheet was
subjected to a tensile test at a test length of 100 mm
and a pulling rate of 1 mm/min to obtain a stress-

strain curve. Elastic modulus was calculated from the
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5 placed in an oven of 170°C for 30 minutes to give rise
to curing of the paste. Then, die shear strength was
measured using an adhesion strength tester at 25°C and
250°cC.
* Warpage amount
10 A 6X15X0.3 mm silicon chip was mounted on a
copper frame of 200 pum in thickness using a resin
paste. The resulting material was allowed to stand at
170°C for 30 minutes to give rise to curing of the
paste. Then, the warpage of the chip was measured
15 using a surface roughness tester (test length: 13 mm).
* Moisture resistance
A simulated chip obtained by forming aluminum
wirings on a silicon chip was mounted on a copper frame
of a 16-pin DIP (dual inline package) using a resin
20 paste. The resulting material was placed in an oven of
170°C for 30 minutes to give rise to curing of the
paste. Then, gold wire bonding was conducted. There-
after, transfer molding was conducted using an epoxy
molding compound, EME-6300H produced by Sumitomo
25 Bakelite Company Limited, under the conditions of 170°C
and 2 minutes, followed by post-curing under the

conditions of 175°C and 4 hours. The resulting package

was treated in a pressure cooker under the conditions
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in which the viscosity of the paste became at least 1.2
times the initial viscosity.

» Total chlorine content
About 1 g of an epoxy resin was accurately
10 weighed in a 200-ml flask with flat bottom. Then,
zeolite and 25 ml of n-butylcarbitol were added in this
order. The resulting mixture was heated to dissolve
the epoxy resin. After natural cooling, 25 ml of a 1 N
aqueous potassium hydroxide solution was added. The
15 resulting mixture was refluxed for 10 minutes with
heating. The mixture was allowed to cool for about 1
hour. The flask contents were transferred into a
beaker, and the flask inside was washed with about 50
ml of glacial acetic acid and the washings were trans-
20 ferred into the beaker. Then, potentiometric titration
was conducted using a 0.01 N aqueocus silver nitrate
solution. A blank test was also conducted in the same
manner. The total chlorine content in the epoxy resin
was determined from the following equation.
25 Total chlorine (wt.%) =
[{0.01XEX (V=-V") XAW}/ (WX1000)] X100
f: strength of 0.01 N aqueous silver nitrate

solution
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the resin paste of Comparative Example 10 which used a
tertiary amine in place of an imidazole, the moisture
resistance was low.

Thus, the resin paste for a semiconductor
according to the present invention has a high hot
adhesion strength and is superior in stress relaxation
and, therefore, is suitably used in bonding of a large
chip (e.g. IC) to copper frame and can prevent the
property deterioration of IC or the like, caused by the
chip cracking or chip strain appearing in IC assembl-

ing.

INDUSTRIAL APPLICABILITY

The resin paste of the present invention is
used for bonding of a chip and a metal frame or the
like, both constituting a semiconductor device in

electronics industry.
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(al) a

YYYYYYZ (A) a liquid epoxy resin comprising
epoxXy resin represented by the following general
formula (1), containing chlorine in an amount of 500

ppm or less and having a viscosity of 5,000 mPa's or

less at 25°C:

(1)

(-
£

AEvad
<
wherein R is an alkyl group having 1 to 3 carbon atoms

or -H, and (a2) an epoxy group-containing reactive
diluent containing chlorine in an amount of 300 ppm or
less and having a viscosity of 1,000 mPa*s or less at
25°C, the weight ratio of (al): (a2) being 40:60 to
90:10,

(B) a phenol compound having at least two
hydroxyl groups in the molecule,

(C) a latent curing agent,

(D) an imidazole compound, and

(E) an inorganic filler,
wherein the amounts of the components (B), (C) and (D)
are 1 to 10 parts by weight, 0.5 to 5 parts by weight

and 0.5 to 10 parts by weight, respectively, per 100

parts by weight of the component (A), and the amount of
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the component (E) is 25 to 900 parts by weight per 100
parts by weight of the total of the components (A),
(B), (C) and (D).

o A semiconductor device produced by using a

die-attaching paste set forth in Claim 1.



