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1 DESCRI PTI ON RESI N PASTE FOR DI E BONDI NG AND | TS USE
5 TECHNI CAL FI ELD [0001] The present invention
relates to a resin paste for a die bonding that is
used as a bonding material (a die bonding material)
bet ween a sem conductor el enment such as an IC or LSI,
and a support nenber such as a | ead franme or

i nsul ati ng support substrate, and 10 also relates to a
nmet hod of produci ng a sem conductor device and a

sem conductor device and tpaSORMETIdNRt use such a
resin paste. BACKGROUND ART [0002] 15 Conventi onal
bonding materials for fixing an IC or LSI to a | ead

frame include - S§i i ders, or
silver pastes. %ﬁ#ﬁgkﬁjﬁ %ﬁ\g)ﬁé@ I?:g\nﬁﬁi on
have previously proposed an-adhesive film that uses a
specific polyimde resin, and adhesive filnms for die
boRECHYICAIWRIEE® a conductive filler or an inorganic
filler @aﬁ ded to a specific polyimde resin (see
Japanes Pat ent Lai d- Qpen Publ i cati on No.

HO7- 22
o 3o predaR SR TR oatp QRGBS EFRARR A uscd a5
Ndmnﬂﬁf%rﬁﬁtéﬂﬂﬂ)a did BsiiR]g mAtetihl) bgiweeha sbictindectbeeltinent such as an IC

al | qys descri bed above offer excellent heat, resistance

arff Int)i 434 4 Bppekmagmbrr such aey/lead fames oy dnsylaging spppart gubstrate, and
g‘r)ég féfaté’ V\E%ﬁﬁ%g@ g’\flﬁr{oﬁu@gggg&gﬁ:ﬁ%@%@%&@é%ﬁg:ag,cmtl?gnductor device
alaﬂthalibc thaeusk savlvagésin pdstdoei ng expensi ve. Al t hough

sol ders are cheap, they exhibit poor heat resistance,

and al so have high elastic nodulus values simlar to

t 6@?@ AQt ectic alloys, making them unsuitable
f*o'?ﬁ;%égiw arge chips. 30 Silver pastes are cheap,

exhi bi t[0a02] gh | evel of noisture resistance, offer the

| onest el ast.i ¢ nodul us val ues anpngst_t hese

convent FeRventingal dppding majeriplsios Sixpgan 16 arrldite arleatfame include

re 50C t her noconpr essi on

Wi ég%%@ﬁ‘tggtgé ﬁloﬁ’ga%g&é-\y%hﬁ\? %'ﬁa%esg 2 currently the

nmost ¢ dTimapplicuss df theprézentinvenhtivathave plesioukiyvupased an adhesive film

the | evel of L. . o . .. )
that uses a specific polyimide resin, and adhesive films for die bonding in which a

conductive filler or an inorganic filler is added to a specific polyimide resin (see Japanese
Patent Laid-Open Publication No. H07-228697, Japanese Patent Laid-Open Publication
No. H06-145639, and Japanese Patent Laid-Open Publication No. H06-264035).

[0003]

Although the Au-Si eutectic alloys described above offer excellent heat resistance
and moisture resistance, they also have high elastic modulus values, and are consequently
prone to cracking when used with large chips. Furthermore, they also have the drawback
of being expensive.

Although solders are cheap, they exhibit poor heat resistance, and also have high
elastic modulus values similar to those of Au-Si eutectic alloys, making them unsuitable
for use with large chips.

Silver pastes are cheap, exhibit a high level of moisture resistance, offer the lowest
elastic modulus values amongst these conventional materials, and also have sufficient heat

resistance to enable use with a 350°C thermocompression wire bonder, and as a result, are
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integration of 1C and LSI chips increases, leading to
increases in chip size, attenpts to bond IC or LSI
chips to lead frames using silver paste require the
paste to be applied and spread across the entire chip
surface, and this leads to significant difficulties. 5
[ 0004] The adhesive filmfor die_bonding previously
proposed by the applicants of t hé present invention
enabl es bonding to be conducted at conparatively | ow

t eRALA Wﬁ@&o%g%@%:g? uSiSBE %Xﬁdikg‘égageﬁrg'rl]sﬁl 1@9@%&&,"% the level of

strength upon and can co

f aintagadtion ofdCpind\eS] chips isireaseQnetiding fodndrdasab iddhip €26, attempts to
frames. 10 However, as nodem packages have becone ]
snNC ardeblsbins tplepdirmestising silwer paste tequirgithg paste tgbe applied and

or At The AhES o SultRcs M B Rl GRREAGRL eER iRy

suppl y [J0e4Hi e bonding material using a printing
met hod that offers favorable applicability to nass
pr oduct Tehadhesivg dimdpr dig bending previeusioproposgddiyribe applicants of the

b y t Q. I d . affix the.

IR b R R B o R bl BE)So sempertres and
analef aﬂspliaﬁs_wfavmpwdheﬁb@ strdrigth GG heafing, Wnd C8A cHibRgHGAy be favorably
out) to chip size prior to adhesion. t hods in which

t henplgredsioy dief hangingstod2tallpytleast frames. o bonding to a

or ocuct Ngwetsir i nidy BARePPufebomt SpallR o Tigbpveieht, the use
t hef insthasigveppot Bubstraftd Ma1BsEoRie marRdvidbfeadl hrkRborier @ reduce

plurality of chips in a single 20 batch operation tend
t oPIpdugioarrestsometiodathet aim tosypplyikes diedondingymatenial wsimg, a printing

be h j ori of .insul ating s rt substrates .
RS TR0 BB AR B¢ B A aimion
SURBiihétithis babigrrewid, ﬁ?@rd%pto%'ﬁﬁﬁ dnB fffel R ablee AdHeBive Film to insulating
bonded is very uneven, and this can lead to the .
gewpport sehstatesdn an gifiienjmanner theddmembsidercut (aripynched out) to chip
bqﬁq§d. incrﬁasing the |I|ikelihood of a deterioration

| FEPTASP PPESPIO%5 DI SCLOSURE OF I IVENTION' [ 0005] An

obj ect WfetHdds iPwaRAthe hAWESHE A i§ utldut BFiGVodRdnding@s lalbubstrate
paste for die bonding that can be.suggj[ed and ‘
apiehvieela berding dewicetopimiprovaiye peaduotion eficiensy.r Burthermiose, methods in

Coih Thq RS SR S RRhad b O Be FESPRT £pLSfalisy of chips in a single
PrigEH bperatiiitehd b 5 [ﬁ'ﬁn@fad;&)ghgﬁg% oF tReid1ReiveFill! Mbrebiét, because the

a se_m'_cond_uctor_ devi ce, sem conduct or _deV| ce o
armajonigy 0f insulating support sukdtratescomiprisp tngicelafyer witing formed within the

bos%%gt?aqté, tﬁe surface to which the adhesive film is bonded is very uneven, and this can

lead to the generation of air gaps when the adhesive film is bonded, increasing the

likelihood of a deterioration in reliability.

DISCLOSURE OF INVENTION

[0005]

An object of the present invention is to provide a resin paste for die bonding that
can be supplied and applied easily by a printing method to substrates that require
semiconductor chips to be bonded at comparatively low temperatures. Furthermore, the
present invention also provides a method of producing a semiconductor device, and a

semiconductor device and the like that use such a resin paste for die bonding.



[0006] In order to achieve the above object, the

present invention adopts the configuration described

bel ow. Nanely, the present invention relates to a

resin paste for die bonding conprising a butadiene

honopol ymer or copol yner (A) having a carboxylic acid
termnal 5 group, a thernosetting resin (B), a filler

(©, and a printing solvent (D), “wherein the elastic

nodul us of the resin paste follow ng drying and curing

IS W|th rangefromlto 300 MPa (25C). [0007]

Anot her ascht of the present invention relates to a

met hod Bf ofdeoduhizge thelddose Bbje) theGhréentiavimintdddbts the configuration
uses the above resin paste for di e “bondi ng, conprisi d%
(19650%?31 Baleny- Napweé)d pmmqumam relatesid atriein pgse dor die bonding

édnr%l?{ﬁféae ! O[[.]lr?n% Eg?lgp(ﬂgmgf Pr qpo%ru bsgésx h@?lgg gtcﬁlg)oxyhc acid terminal

5 r egiofp, { t%}:nme&mgnesnﬁ ﬁBF'I'fﬂl%E‘ doy; laRd a pritiRg @cnvérhefn) whcrem the
B-staged resin, conducting post-curing of

r eelpstic mpdiineef ths p@m paste follewjng=dreing and\caring wrtbmaatresge from 1 to
uct or device obtained 15 using a

pr%&@ﬁnc@%t hod that conprises (1) applying a

pr edet e[(m'()q]ad quantity of the above resin paste for

die bonding to a substrate, (2) drying the resin paste

to ef f ednofer upaqi afghaopresent investion rel8ss tomumethngd ofiproducing a

sem con or n th -sta edr s'n,. nd (4 .

10 ¢ oTRRIGiG o detict Baf Reps i fhmae REEh pasis 58 i bongie comprising (1)
Angldiahg §9p9&&icrﬂﬁnetdrtﬁlaﬂﬁ§' S he éﬁb\('@ E‘Eéu?ﬂas"teefo?'ﬂ%%&ﬂlﬁ to a substrate,
nmet'hod of producing a m conduct or devi ce,

c o(i‘b dringthe(reyin ppstt o effioch Bestagiag of theresin,|@pmountngi semiconductor

250 M BrsEaeed i ant (BLeoPaEring Ront i hareshat o

and (3) ASHﬁx'ef‘%pE&eofrtﬁcS%&séﬂt idVeRtibd R 14t85to™ d%ﬁﬁ&ﬁ}du?ﬁ%} device obtained
anot her aspect of resent invention relates

15 s emm:g)m gusinctionimethod tha coimprisesdd) apylyigga pmetdmﬁmfd quantlty of the
%qdo&‘ﬁ'ﬁ” h Bt s SR o o S5 ) SE tap Sipin P fp offect B
paﬁfl Eof tlﬁ'r@sﬂ%@ghﬁﬂnﬁ&g fséiteshdiidt: ch{pzan m@@%g&:greﬁm, and (4)

sem conductor on the resin paste, and (3) curin
t heondesting postdciring bfEtheessim paste. 30 BRI EF
DESCRI PEHO%'] OF THE DRAWNGS [0009] [Figure 1] 4

20 Another aspect of the present invention relates to a method of producing a
semiconductor device, comprising (1) applying a predetermined quantity of the above
resin paste for die bonding to a substrate, (2) mounting a semiconductor chip on the resin
paste, and (3) curing the resin within the resin paste.

Yet another aspect of the present invention relates to a semiconductor device

25  obtained using a method of producing a semiconductor device that comprises (1) applying
a predetermined quantity of the above resin paste for die bonding to a substrate, (2)
mounting a semiconductor chip on the resin paste, and (3) curing the resin within the resin

paste.

30 BRIEF DESCRIPTION OF THE DRAWINGS
[0009]
[Figure 1]
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Fig. 1 is a schematic cross-sectional view of an
apparatus for neasuring peel adhesive strength. BEST
MODE FOR CARRYI NG OUT THE I NVENTION 5 [0010] As
follows is a nore detail ed description of the present
invention. Aresin paste for die bonding according to
the present invention (hereafter,al so abbreviated as
sinply "resin paste") conprises % but adi ene pol yner (a
honmopol ynmer or copolyner) (A) having a carboxylic

aci d &gl N@la GhanRkic GoddIRLABRA VidwNot :Ir?aﬁﬂgﬁra@@for theasuring peel
filler 0 (C, and a printing solvent (D). [0011]
Brdhpdiesstizhgthonpounds that can be used favorably as

t he but adi ene honopol yner or copol yner having a
carboxylic acid term nal group, which functions as the
cqf@%p ( i I fTdeNoht 1iquid
pol'y u%@d]?gr@)sliidn ?gﬁ(}m%}?gﬁ{i[?ri I eN%as 15 been

I ntrodyoetd]i nto the principal chain and with

carboxylic_acid grou at the termnals, such as

Hycer @mt%wgkaemor@gw%ﬁ%m}mé}é% PS8R gnvention.

CTBN- 13 . . | i \

CTEN, 150y SNSRI bl cion oo o

mabbraviadéd avsigply 'reginpast¢?) lepinptisadiacnesdiéreypabgmer (a homopolymer or
carboxylic acid group, such as Nisso-PB- C-

f \ 2000 . . .
( eRolEEOADdarineN SEen¥yHe @siddermingliggoyp, athermosetting resin (B), a filler
c 0 » either 20 alone, or in
(;ﬁ§§%#§% 5%§agggpggpéilnnre different materials.
[ 0012] [Bgatipl es of preferred thernosetting resins for
the co B) include epoxy resins,_ and resi

m Xt ur gf%émognd%%kgaﬂr%spp fagoabghg)q the fxlgg;qqe homopolymer
o RoROVEY T A2t REGAE o GRS o compone

al(gy), imelude sl nithecubp sweightdiguid pulyhutadieses dt whichsin derylonitrile has
epoxy _groups wi thin each nolecule, and from

h ,
vi hegp ditrrdycest intuthetmrincippl efidn andewph Gﬂépﬂl&a%‘i' g{q?e ps at the terminals,
cur ed aEﬁ?Q&%?TBQOQ@S@ 1990x31€ EABN.1300x13, and
erred.” Speéci

resin rs-pre I C exarrpfes of "such’resins

| NCTBN&X- 1mm@e(gﬂ af ivhichpire glaat fachiteddbsPbe bndustiies, Ltd.), and low
bi sphenol AD, bisphenol S, bisphenol F or

hanglgevlar weight Lgrid pelybntagicnes bayingp eﬂréﬂ’y!diﬁaﬂw?do gloyp; Wgh as Nisso-PB-
Cr 6PO RpoftiaSle B 8ioPn SEH OB L) LY coBpORIGE clh be used cther

bi A 80in Anisiiaichs of &&6 65 mored di€fefent Aiap@ialkds can be
used either alone, or in conbinations of two or nore

di f f er el9012]

Examples of preferred thermosetting resins for the component (B) include epoxy

resins, and resin mixtures comprising an epoxy resin, a phenolic resin or 2 compound
containing a phenolic hydroxyl group within the molecule, and a curing accelerator may
also be used.

The epoxy resin comprises at least 2 epoxy groups within each molecule, and from
the viewpoints of curability and the properties of the cured product, a phenol glycidyl
ether-based epoxy resin is preferred. Specific examples of such resins include
condensation products of bisphenol A, bisphenol AD, bisphenol S, bisphenol F or a
halogenated bisphenol A with epichlorohydrin, glycidyl ethers of phenol novolac resins,
glycidyl ethers of cresol novolac resins, and glycidyl ethers of bisphenol A novolac resins.

These compounds can be used either alone, or in combinations of two or more different
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conpounds. \Wen used, the blend quantity of the epoxy
resinis typically no greater than 300 parts by

wei ght, and preferably no greater than 200 parts by
wei ght, per 100 parts by weight of the aforenentioned
conmponent (A). If this blend quantity exceeds 300
parts by 5 weight, then the storage stability of the
paste tends to be prone to deterioration. [0013] The
phenolic resin conprises at |east 2 phenolic hydroxyl
grcopouMdst hi n each nolecule, and suitable exanples

i ncl ude phenol novol ac resins, cresol novol ac resins

bi spherBheusedy thieddendagiantity of theyepexy iresj isHzpically ae greater than 300

CiFRHE P GBI S0P oF T TObH S Rieeieh et PORR: By “RagtD et 160 parts by
divhdi St the ABFRARIATGRed Q?l@pcfﬁeﬁf@)q 1N Eiﬁn@&ueﬁlﬁ% exceeds 300 parts by

phenodlic resin or conpound ai ning a phenolic

hyeekightythey theustorage btiabilithef thro pasteiteads to e prbae tibdeferioration.

wi thin BQ{ nge fromO to 150 parts by weight, and

even nd :greferably fromO to 120 parts by wei ght

per 10CrRaHeRolRY redfl Gitiprises ﬁflcatshﬁ hér&ﬁix? Within each
bl end qua t|ty excee 150 parts y wei ght hen her e

i snelecudaragd rsuttthie cxmplemmakmudb phgnuimyvdziec rqsmdqusﬂl eovolac resins,

[ i&pﬁwl% ey @C &gg@;gq?}lé g,r\ﬁtg h@gﬁﬁ&ﬁé@n%ql agagg rcsms These
MRb Ripofhds éaﬂ%gﬁ%@d Eﬂi’léiiﬁfdﬁl &5 in SbmbERHALASTS R0 or more different

derivatives oxyltc 20 acid di hydrazides,
t rdopipenpdsphosphi ne, tetraphenyl phosphoni um

: :: : ggﬂﬁ%lb gttgag )é g 9 éﬂoél‘rlcrrrgstixt] Xll' (I:Orlrllllglc%lg containing a phenolic

L iRarhaT BRluNERh e mBledN SCGRRbly WiHHRR BB Ko 046150 paris by

two or nore of the e conpou
alwdghicantsedtn fiore prefarablyt fromf0 toHE0parts hy waeight) per :196 parts by weight

b i Wb B o e
resi Eértpé}qpﬁwlggﬁﬁ%gﬁaua ﬂé@ eigeédg 5?) Sa?ltog)()kl)y

wei ght ,[00b4 there is a danger of a deteri orat| on in
the storage stability of the pas

conpounNCeg aceFgrainr maye any W?’f@?ﬂd@%‘%gt ﬁBnPngB%XY Fresins.
9 r@:ﬁﬁps}wi éﬂugh %?Qnal%kﬁﬁ%éﬁxdﬁ?&le&b Qidyasdiamiel cfé?lvauvesscélcarboxyhc

t he resin such conmpounds
I rmwdmywatms,mlpmymmmnm neteaphenylphosphonium tetraphenylborate, 2-
met a- bi smal ej ni_dobenzene,

bi &t mmmﬁmteﬁaahwﬁ)@bﬂtwéilrﬁ -Higeahigno| e, Vpedecene-7-
a”t@tr%%h”engibgﬁdﬁ gg%rn IIRE S o) PSHE BE thedd ESBpGIAP AiYdso be used.

ne or in conbinations
The quantity of the curing accelerator is preferably within a range from 0 to 50

parts by weight, and even more preferably from 0 to 20 parts by weight, per 100 parts by
weight of the epoxy resin. If this blend quantity exceeds 50 parts by weight, then there is

a danger of a deterioration in the storage stability of the paste.
[0015]

An imide compound containing at least 2 thermosetting imide groups within each
molecule can be used as the thermosetting resin (B). Examples of such compounds
include ortho-bismaleimidobenzene, meta-bismaleimidobenzene, para-
bismaleimidobenzene, 1,4-bis(p-maleimidocumyl)benzene, and 1,4-bis(m-

maleimidocumyl)benzene. These compounds can be used either alone, or in combinations
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weitght Sr-4
to b pr\
exanmdl es o
i ncl ude 4, 4- bi smal ei m dodi phenyl et her,

4, 4- blsnale|n1dod|phenylnethane 4, 4- blsnale|n1do 3,3
20 dq thyI dlphenylneth@ne 4, 4- blsna elnldodlphenyl

6 of two or nore different conpounds. Mbreover, the
use of im de conpounds represented by the fornul as
(1) through (111) shown below is also preferred.
[0016] [Formula 1] 5 U0 R Ir~~x~~/p (1) $ RIJ
"/ R RT 7-0(r)r(\) y-- V/CCA> ~~- 1~~~ (I1I)
0 1\)--Un - .=c, 0 (Ill1) 6---gH 2- 6 (in the

f ormul as, XandYrepresent 0, CH2, CF2, s, S, CO

C(CH3)2 or C(CF3)2; Rl, R2, R3, R4, R5, R6, R7 and Rg
eaftwa mpneme:tlffﬁrenh@b&mmnlaidnt Mpxeoaren )jzhbr uﬁge}i 1mg@mommgds represented

chy B aemeles i siones S o bl ahe Brefesil. "

di carb Igc acid residue that contains an ethylenic
doubl e

and mrepresents an integer fromO to 4)
[ 0017] [Fopheita Used, the blend quantity of the imde

compound is typically no greater than 200 parts by
wei ght, and preferably Qo greater than 100 parts by
wei gITt, per 100 parts

15 wei ght of the conponent
ity exceeds 200 parts by

ageo st abi Ilg of the paste tends
0 i 0 i on. [OO@] Specific

®he®™i m de cpnpounds of the fornula (1)

(A Af thisthle

HE———CH (I D

ozN)._o =1 g =l =

-y

(in the formulas, X and Y represent O, CHz, CF, S0y, S, CO, C(CH3), or C(CFs)2; Ry, Ra,
R, R4, Rs, Re, R and Rg each represent, independently, a hydrogen atom, lower alkyl
group, lower alkoxy group, or a fluorine, chlorine or bromine atom; D represents a
dicarboxylic acid residue that contains an ethylenic double bond; and m represents an
integer from O to 4)

[0017]

When used, the blend quantity of the imide compound is typically no greater than
200 parts by weight, and preferably no greater than 100 parts by weight, per 100 parts by
weight of the component (A). If this blend quantity exceeds 200 parts by weight, then the
storage stability of the paste tends to be prone to deterioration.

[0018]

Specific examples of the imide compounds of the formula (D) include 4,4-
bismaleimidodiphenyl ether, 4,4-bismaleimidodiphenylmethane, 4,4-bismaleimido-3,3'-
dimethyl-diphenylmethane, 4,4-bismaleimidodiphenyl sulfone, 4.4-bismaleimidodiphenyl
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sul fide, 4, 4-bisnal ei mdodi phenyl ketone,

2,2"'-bis(4-mal ei m dophenyl ) propane, 4, 4-

bi smal ei m dodi phenyl f | uor onet hane, and

1,1,1, 3,3, 3, -hexafl uoro- 2, 2- bi s(4-

mal ei m dophenyl ) propane. [0019] 5 Specific exanples

of the imde conpounds of the fo?rrul a (Il) include

bi s[ 4- (4- mal ei m dophenoxy) phenyl] ether,

bi s[ 4- (4- mal ei m dophenoxy) phenyl | net hane, bi s[ 4-(4-

MREidE ﬂ’qgﬂ&ﬁﬁ’lﬁfﬁiﬂl‘}@'ﬁhéﬂﬁ Ikb't%h@,"ﬂ“;‘i'l'b?if(ﬁ‘maleumdophcnyl)propane 4,4-
bi s[ 4- (4 mal ei m dophenoxy) phenyl'] sul f one,

bibd$mal¢imaidedipheriyifhyiremothydsp hecNUJ,l 3,313, dwerafluoro-2,2-bis(4-
m dophenoxy) phenyl ] sul fi de,

blné%lim{ ﬁoﬁpg‘) enoxy) phenyl] ketone, 2,2-bis[4-(4

10 mal gom%ophenoxy) phenyl ] propane, and

1,1,1, hexaf | uoro- 2, 2- bi s[ 4- (4-
mal ei mSjepifErexampidsediyiie] ipridqsamapour{d@ 02 the formula ¢H) irfchude bis{4-(4-

" qesiedar domhongraphensd Peferabiie g ltroidoB RO et e e, bis[4-(4-
Sy ii8f 180 lﬁﬂbﬁ@kzh&m i d]ﬁélfléufénbﬁ%{%@gic}@}dyﬁﬁéﬁb@?)phenyl] sulfone,

acetylcyc peroxi de

péns{m(ﬂenalhﬂndopﬁenp]ey)pher@é] sulfoha rbis{H-(paadeinddophenety)phenyl] sulfide,
dIC er oxi cunene hydr oper oxi de, and
D Bt oRheab Y BPcr Pk R R RRASAT of t he

; S rﬁﬂégﬁ% RRBE e 1 %??%‘fégﬂf’é%%”z&%%ﬁ@@-
pehal&i&ﬁdmtehexja)phwlmmpaﬁé the imde conmpound. 20

[ 0021] Eé%ﬂpl es of the filler of the component (C
i ncl udd’ ductive (nmetal) fillers such as silver

powder ’In%%f% td gﬁ‘&'ﬁfrat@ ek &ﬂﬁ%ﬁ]{f tﬂ&mdc c%ﬂﬂaohﬁ&’g gqulﬁal

illers such as si ani a ass, 1ron

o poliamerdadion agairing:sy. beQ@sed hEsemplek bESlﬁtablbcmth@ltpolﬁnerlzatlon agents
(mat al) fillers such as silver powder, gold powder_and

251‘?,15%@?336%@?‘”‘&58&9@6 Paroxdre, ﬁt?éuffywl,ysgcggde@pcnzoyl peroxide,
h
{ P GRE (ki plrbidh BB SABONE culich puaiBperoide, and

i rmobnaisolﬁutiltdnitﬁles 'le’[uaﬁﬁtyaisbdi ofithe rﬂdwﬂlpnlaymérlztaann agent is preferably
gl ass, iron oxide, and ceram cs are added, f t he
pUYithiB @gange ﬁr%appmgnatpw %@rhau)a@&mﬁ&hﬁpﬂ 100 parts by weight of

r a | ow noi sture absorptivity, and
tﬁﬂéo ltrdgﬁlblzbbgl?%pertl es to the adhesive. These fillers

can be [0821] either alone, or in conbinations of 30
two or nore different fillers. [OOQ;)]51 An i norganig¢
i on exdframdesfitae filler ofethe pempereat (Gkinglude ponductiys fnetal) fillers such

Of ! sﬂ;%rop '“Qgr, gold powder and copper powder; and inorganic fillers such as silica,
alumina, titania, glass, iron oxide, and ceramics.

Of these fillers, conductive (metal) fillers such as silver powder, gold powder and
copper powder are added for the purposes of imparting conductivity, thermal conductivity,
or thixotropic properties to the adhesive. Furthermore, inorganic fillers such as silica,
alumina, titania, glass, iron oxide, and ceramics are added for the purposes of imparting
low thermal expansion characteristics, a low moisture absorptivity, and thixotropic
properties to the adhesive. These fillers can be used either alone, or in combinations of
two or more different fillers.

[0022]

An inorganic ion exchange material may be added as a filler capable of improving
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8 the electrical reliability of the sem conductor

device. Materials that exhibit an ion scavengi ng

action on ions such as Na+, K+, CY, F, RCOO and Br'

that are eluted into an aqueous sol ution when a cured
product of the paste is extracted in hot water are

effective as the inorganic ion _exchange material.

Exanpl es of this type of ion exc?hange material 5

i nclude naturally occurring mnerals such as naturally
PRRAYERGcA ?Hka!bflﬁz of #e! s@nﬁ&ﬁ%ﬁctﬁr galigm Mﬁé{iﬁ‘ﬂ ‘?haH exhibit an ion
hydrotal cites, as well as synthetic zeolites that have
beeavenging hetforv@dionasudhfdsdNaA| Ky, CI[, FQIBTOOTheEBr that are eluted into an
conductive fillers or (inorganic fillers can al so be

u4aNFOous, sofution when g cusedproguct ebthgpaste isaxitactgd dn hot water are effective

F M e t] .

¢ {EEESTRARe i MR Bhuc A EXaniBRlsh TR MR V6h exchane material
usiethdepracutalthe deduligyg Sitnenslt sidiRRinaturiley podsdedadeolites, acid clays,
prglper,ti es of the product. Typically, the quantity of

t Helomites apd hydrgtadgites cas wellas synthetic gepties thpidiave been gowhesized
pgﬁfﬁi y wei ght, and even nore preferably from2 to

5 arafl "by weight, per 100 parts by weight 15 of the
conmpong®d23|{A) . Fromthe viewpoint of inparting

satisfactory thixotropic properties (a thixotropic

i ndex dhesgicondugfivefilpys erinpiganisfBless cantpdsocheaysed iy maxtures of two or
this. fill [ referably a least 1 I X i_aht .

P atesls Rl Ehe R inph of OO e 2Bhdoctiés $e dnd one o more
O ingdnidy fillérs inlySalsd bd hsRH, providee tifyadel not iBp4f thetphysichlaftoperties of
100 parts by weight, and if a blend quantity that

efeaqueducts hi s value is used, then the el astic modul us

ot reos 198 Aok BFHEBTER s APtefebufPUER et BBm 1 10 100 pars

By eigt, 4nd eveR ke pieferaBlg o 246 SO peBevelpht,er 100 parts by weight
deterioration in the reliability of the nounting . . ,
wf tierpompenent igo Firfue therviewpaintef imppsting gatisfactpiyethinatgpic properties

b !5t GIPLFSTE B8R uCHob) G s s ey

dicaBer parPp d@vg'm.epuﬁmO?éfrsinqn@viewﬁbm of hdiReiohPlhle quantity of this
mlls and ball™ 25 mlls. 50024 Teprlntlgl%gsolvent

ofillenis peeferabhican gieder then 108 pertaby yeight.@ad éfja bleadquantity that exceeds

anopngst. .t ha sol.vents that.are .capable of uynifo .

K ﬁg%g?ﬁﬁﬁ is] se@ﬁ&mb@icﬂa&ﬁ{; H'éo%f,l}ulsloz Itl?e, %B?Ae%r\ggyc’:tlfnérgasrc@ which causes
C iSRSy telikatib® capeflitled oP IR \6E bondBinkleridPlol vodhkeh, ihbrRasing the
sol vent during printing, the selection 30 of a sol vent

widegen obaideicrigragion im thsfreliabilityaf thermownting witkindhe seaniconductor

Eﬁ%ﬁ?' es of the printing solvent include
N“HEttyl - 2- pyrrol i di none, diethyl ene

Mixing and kneading of the filler is conducted using a suitable combination of

1)

typical stirring devices, and dispersion devices such as stone mills, three-roll mills and ball
mills.

[0024]

The printing solvent of the component (D) is preferably selected from amongst
those solvents that are capable of uniformly kneading or dispersing the filler. Moreover,
considering the need to prevent volatilization of the solvent during printing, the selection
of a solvent with a boiling point of at least 100°C is preferred.

Examples of the printing solvent include N-methyl-2-pyrrolidinone, diethylene

glycol dimethyl ether (also known as diglyme), triethylene glycol dimethyl ether (also
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gl ycol dinmethyl ether (also known as diglyne),
triethylene glycol dinethyl ether (also 9 known as
triglyne), diethylene glycol diethyl ether,

2- (2- met hoxyet hoxy) et hanol , y- butyrol act one,

i sophorone, carbitol, carbito

acetate, 1, 3-di net hyl - 2-i m dazol j di none, 2-

(2- but oxyet hoxy) et hyl acetate, “ethyl cell osolve, ethyl
cell osol ve acetate, butyl cellosolve, dioxane,

L RREY | Sthoxy)ethanol, y-
4T TSR Bl ol P psbamipo oo
buBFoRstohlassbopsial carbitul, @rbitdliangatenk3-divethylr2emidszolidinone, 2-
::(\é%ﬂg)r n%gey)%&ybggq%qig ezli%lfl\éﬁ?(tﬁél\ga %/t\l;% c?c?le?ﬁelv? Egc ate Tl;]u(?yl cellosolve

erg S () N s s
t ypi cal | it hi f . 1
ORE) cybiotihols Apd BflSe; dsARIFE solvints Yonfilehi R4nly petroleum

(93 hles, Whichard HiREn® U solventsfos printimeinkshMixtutdsof two or more of
generation of foamor voids is noticeable during

phesstsolvgnisfmayhalse bespsgdpast e, the addition of defoam ng

0 L A oA TP A e om
Vb Q00 Pald bP it PLIOTIrR byaweigiiint ehd aanpErPpAYssi on

the quantity added. of these materials is
pref er@OLy] at | east 0.01% by wei ght of the sol vent

D), f t h ' ' / L LV ids i i
vor SRR, FERAT YR e L i s

f avor ab¥ S 1

p&’nﬁ\!@ prLﬂ?ﬁl QA dekivt paste, B adiditioh by defoammingaepentst feam bregkers or foam
by I"ght gf t he sol vent hernore, i

] D). Furt [ i norder to. .
i sqppoeseanisie thel heasievpsinging selyen, (D3 iy effrstive, Bromh thesfewpent o
(i iant L Fre o
PRI HHES B OB AP O ety P oAy RS AeSeSmatorials is
?g%;ééfm?%‘ [EBY (PO 18R bhvasiied tiexolveat () whereas from e viewpoints of

he el astic fodulus fol |l ow ng dr%i nggang CuritQ;g'
ohicibving fvorabieaathesiph and visaesity stability fer the paste,Jpe quantity1s

conponent s descr,i be QVe,. ' | astic

nBederatly g %e%ﬁfrtbﬂ“ SQ‘% c‘?el%ét%:t?]ée&é‘é%[? ngaf all's wthin

ar ang%uf‘tfl&glol'e,tiﬂ 0RRY tdVRRprovS B adlidsive steagthi silancdolpling agents,
fol |l ow ng rying and curing is preferabl) Wt%Lanat ts and
r singéurhsbasadicouplidd agcuisa nOEETE SUECtaHS -hasefljyrfactan

nmodul us, i s .the val ue a 5C [ t he storage
e|sa§99%baﬁ%ﬂa55w§°~°ema%?’%? ﬁs ag@%@ t@eﬁﬁ:g prtgduct is

rreasuretgozai ng a dynami c viscoelasticity measurenent
apparatus. ‘I f the elastic nodulus of the rgsi n,

L ast e .
ol T owiThg cliyic ngpdahus folewinggrying Rad SurinEpf (e TeSHpRS fpat comprises
substrate and the chip.tend to.he.p . ed product of
itheispenaksampoags eiEivad Sbeist pREsE S ashe modulus of Lo
u | ikih! yhareae0 MP4 {25°€). dFhis elasticimodslus following
38‘9 @%%%Z@és‘gf& lﬁl/lgg,%éehfén the str ess@?elﬂaxat [ 8n %tdseen
t hityiaghad catisg Brpdeferablycwithin zsrange from 1 to 100 MPa ( .

The above elastic modulus is the value at 25°C obtained when the storage elastic

modulus E' of the paste cured product is measured using a dynamic viscoelasticity
measurement apparatus. If the elastic modulus of the resin paste following drying and
curing is less than 1, then the substrate and the chip tend to be prone to misalignment, and
the assembly operation becomes undesirably difficult, whereas if the elastic modulus
exceeds 300 MPa, then the stress relaxation between the substrate and the chip is
inadequate, and the resistance of the semiconductor package to temperature cycling

deteriorates. The term "following drying and curing" refers to the state following
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I nadequat e, and the resistance of the sem conduct or

package to tenperature cycling deteriorates. The term

"followi ng drying and curing"” refers to the state

following 10 conplete curing of the resin. [0027] 1In

addition, the solid fraction of the resin paste is

preferably within a range from 40 to 90% by wei ght.

Ensuring that this solid fractil%n is at | east 40% by

weight is 5 preferred fromthe Vi ewpoi nt of

suppressi ng shape vari ations caused by volunetric

S&Hﬂé‘t@%ﬁﬂ of Mg rBaste follow ng drying, whereas

ensuring a solid fraction of no nore than 90% by

wei ght[002%] preferred from the vi ewpoint of inproving

the fluidity and printin erability. of th :

[ 0028] 1 sghtpme ersplis b0t Raessnopastals BreftstROARERE  renee from

R S - 8 aPleastEATITHIbY R@ight is

PICRYREbY g, Baful 1A this30id pcih 8 ablcasiSMIDY Rizight i

pprefeered érbni thenviewpoiui efspppressing shapn vemiatings gawssd &y volumetric

favorabl e printing sha by suyppressing the..Qccur.ren

thrinksags ofhe paste ollowip dryts, peefsas Fasurilge g TRl of fio more than
i kv i uidity and printin

PR S, AL 0 B0 ST iy v

ngpeeatiitigrof@hpasse.pref erred from the vi ewpoint of 15

suppressi ng the occurrence of chipping or patchy

cover af¥28btc. of the paste that has been supplied

and a i | Ny ithi ange from 1.5 to 8.0.

Vi ’scogﬂefﬁ‘g‘?@kﬁgP&?ﬁftﬁégﬁ% %%{sc{]ggfcsfé pr %]grﬂgglth? n.g )

VEhdbirigahdtahghitotapidintiex f,a0 st Pissprefensd fiomythetwicwpoint of

viscosity is from5 to 1,000 Pas is preferred fromthe .
VERSWEBE AmesP SIOTING RTINHRE G198 M SYRRTGSSINEES ORGEHCRT i ppming or the

B BRI Ao R0 e ety it od, Moreover
1; t@:ﬁs&ﬁ?ﬁ glgit gée; ﬂggtsdﬂlteﬁib&ﬁ&cx/\?s apenare thaash0 orprefeeretiffom the viewpoint of

¢ e mask openings, such as t cas
oSURPIEsSIDELhe ARSIFeNCy M@M&Pw‘?ﬂdﬂvﬁ@g&mﬁ?i"?s”%?asf%t&a‘ has been
paste. tQ . [ the viscosity of the

r 8P Edﬁ%‘g? @f@%?@%‘ygﬁ%@m&%‘fn a range from5 to

100 Pa{gp29phereas in the case of a stencil or the 25

like, the viscosity is preferably adjusted ta a valu

it hi n The viaegx (@506 0ok the restpasic is Prerprap o B AR rom S to 1,000
t hose cases kel { b Qf: ' o Phesi int of
P o FRT R ot M I8} LODORR3 e bR Tront Biewpoint o
a?'ﬁﬂﬁﬁg Bgerhbiity | Figodkdogity of the resin pasthisrprafstbPasuitably adjusted in
effective. [0030] The viscgsity n%nti or??ed abqgve h where a

r etenrdance veifiethe antuee phthe priatingmethod, and 1gp expmpic 1n the case

mesh or the like is stretched across the mask openings, such as the case of a screen mesh,
then considering the ability of the paste to pass through the mesh, the viscosity of the resin

paste is preferably within a range from 5 to 100 Pa's, whereas in the case of a stencil or the

like, the viscosity is preferably adjusted to a value within a range from 20 to 500 Pa-s.
Furthermore, in those cases where large quantities of residual voids are observed within
the paste following drying, adjusting the viscosity to no more than 150 Pa-s is effective.
[0030]
The viscosity mentioned above refers to the value measured at 25°C using an E-
type rotational viscometer, with a rotation rate of 0.5 rpm. Furthermore, the thixotropic

index is defined as the ratio between the viscosity value measured at 25°C using an E-type
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30 type rotational visconeter, with a rotation rate of

0.5 rpm Furthernore, the thixotropic index is

defined as the ratio between the viscosity val ue

measured at 25C using an E-type 11 rotationa

visconeter with a rotation rate of 1 rpm and the

viscosity value neasured at a rotation rate of 10 rpm
(thixotropic index = (viscosity;at 1 rpm/(viscosity

at 10 rpm). [0031] The obtained resin paste for die

bondi ng can be supplied and applied, by a printing 5

Nebtae6hal ¥&cameRAith rd8tioH ¢dte 86 1 Rprft 2ardl the yiscedit) valwnmeasured at a
or copper lead frane; a plastic film of a polyimde

r éelation eatosk/1¢ o fthixotrepicyindexdeviscosity atdsipm)/(iscosity at 10 rpm)).
substrzﬁ ﬁonprising a base material such as a

nonwov &giass cloth into which a plastic such as a

pol yi Mg gheshdl resiﬁ%@%&‘ o0k Bodin® Sdrybd $uplibh aftlappiet by a printing
has been inpregnated and then curéed; or a support i
mendteod, toa head ffangmsush eep 43tatlox lend frameapnoopper, leathframe; a plastic film

subsequent dried and.sem -cur.ed, 10 .(P-sSta . IS . .

o120 8 BOLTHAR TN S0 LR LT At LAPIrUs Gyippto Clubrising a base
B1dtéedt sBANES ¥éhwdVen eRIMiES Fhichl SRt shehaa pélyiifide resin,
as an ICor LSI is affixed to this B-stage adhesive-

c epoedresingpqolyisudsbasad eesimbas Heemimprognatehandithen eeredpor a support

o S e SRS AARE e SRS i i
p 5

C t ' ' ive. A

< Sggttfécﬁ). 'f'ﬁrirs] ?g%égdsfl_gldg’fa_sﬁ rt §ibkiPate BodtbP withRPBYstage adhesive

rate. curing of the resin paste nmay be .

c aatniconductdt ¢ermbnt (okip) asth-asanilGpr 3158 fs affixedito thisdB-stage adhesive-
mat eri.al , proyi ded no problens arise wthjn t.h
aAer Suprarts sy Hopls SeDdpplisd We‘%%égh%?hla oy g sopport substrate
a HHU g | Il dubRd RS 85i8plete th ting of the
i n@?ﬁﬁgﬂ@ﬂ?g%#ggs&gggﬁgﬁfﬁ%ﬁgs g(?]eps descri g%o? emoun. e .
alwhipeon thedupparesibstradu This podeourieg efdhoredinppsteanahlee combined with
present invention is produced usin roducti on I
b BesthEne sisiof fseehiRatrial Revidedglo propEinsafiss pihin the
a : f&éﬁg he above resin paste for die
bgﬂ%ﬁggig%glﬁt%%ﬁcﬁ@%ao vggn't, when the paste is used in .
t he metAastthdd gff prodwdimgia sersieandustd devioe ackovding to theegpresent invention
majority of the solvent [s olatilized. by.the . .
B-dompsiskyeachiad ysemsdesriber abors apd 2 SBiOMEAS dryicp agpording to the
a G f ¢Bhipkide h of the steps
7 JtPSEnF RRGHEY pEONCEY b ol LAYPLAINGR IR eDinplides coc P
di descriitseddiboge.| ayer can be assenbl ed. [0033] On the
ot her hand, follow ng supply and application of the
resin p@@@%] using a printing nethod, the
sem Conﬂﬂﬁ%%h tﬁ% GG e Yadt 8 dEbGHdingSshtdifls 4 B6lvent, when the paste
support su rate )

is used in the method of producing a semiconductor device, the majority of the solvent is

volatilized by the B-staging that occurs in the drying step, meaning that a semiconductor
device with favorable mounting reliability and a minimal level of voids within the die
bonding layer can be assembled.

[0033]

On the other hand, following supply and application of the resin paste using a
printing method, the semiconductor element may also be affixed to the support substrate
without drying and semi-curing the paste, and heat then applied to bond the chip to the
support substrate, provided the package reliability is unaffected.
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30 w thout drying and sem -curing the paste, and heat

then applied to bond the chip to the support

substrate, provided the package reliability is

unaf fected. 12 Accordingly, a nethod of producing a

sem conduct or devi ce according to another aspect of

the present invention conprises igplying a

predeterm ned quantity of the ab resin paste for

die bonding to a substrate, mounting a sem conduct or

chi p on Adgrdifdy, " mP@ed 8f pﬂﬂgciﬁ fa s@ﬁu%}lﬂﬁucﬁ&sdé%d@ atgstlbﬂing to another
the resin paste,” and a sem cond ctor evi ce accordi ng

t oaspeahefthe pressgduventibn chmppsesspplyingw prtlétennined quantity of the above

dev' S %geog)égwq@gx%{qggotggg £§O€ glgélln%gg(geﬁtpg%n ltﬂcggéq]lp on the resin
10p£§e fanl |cﬁ¥iﬁ gﬁﬂ He'r@fn ?Esté R&d'a sleﬁf’co?nr:lu&gledevme according to

pr esent |nven |on ase on a sefies of exa

( Exanthéraaspgct 00 theaedest inyentiinght dafrlcélﬁﬁitﬁieéxﬁﬁwxx@the production method
(rrgln factured t}g tg ndustrl es, Ltd.) was weighed

an %F%Bﬂsqsﬁé? C aPUPSIGRSI | as the but adi ene

honmopol ymer or copolymer 15 (A) having a carboxylic

acid termnal group (the base resin). To this resin
weEXAMBEESa previously prepared sol ution conprising

25 partio% wei ght of an epoxy resin (YDCH 702) and

15 part O ]vvei ght of a phenolic resin (Hi) as the

t( ggr gg?tg% Sahc!})s&?tlopﬂdf%é%lﬂ?sdonf gtﬂ% %/%Irt} %WFBEI&? @)ﬁéeeﬁ on a series of

sobxadnpléy act [ on concentration of the thernosetting

E s_approxi mately 40% by weight), and 20 0.5
’%’“{5 edbight of a curi ng accel erator (TPPK), and

E o 5 CoH00 b ARRRRL df CTBNA100 5 fhan HPRESHIR LY Indbstries, 11d)

vawagodipghedand placed insidera stdake, mﬂlﬁﬁ thdﬂ&uthﬁﬁﬂé hdnﬁ%olymcr or copolymer
m xture was stirred and kneaded for 1 hour, vyie

r ehhavingsa earpeylig; a@ldofsﬁamﬁ'ggrepe éhe bps&srp%n)\b o this sl were added a

SR g A i 3B i oo

quadR)iand d$ patts b evegit of b phenvlictrbsif SHSEtaE tlfbghéﬁﬁs&tmg resin (B)
filler and/or . solvent were altere and preparatio

wadissdisliarcarbitoh agatate {Glhpartpehyrieeighl] 2s the wna selvent (D) (the solid

{ BuclooRoaRI SR of e B nRRRb Faid s o RPN S0% by weight), and
(1 D.5qateby webtht 3f a ¢dribg a&%l@atoﬁgl'@Kﬂéncﬁﬁfe PdsulBipiidimiposition was

the resin paste No. 6 was for arative
puPiEssle Subsequently, 8 parts by weight of a finely powdered silica Aerosil was added as

the filler (C), and the resulting mixture was stirred and kneaded for 1 hour, yielding a resin
paste for die bonding (resin paste No. 1; solid fraction: 71.2% by weight).

[0035]

(Examples 2 to 5, Comparative Example 1)

The nature and blend quantities of the base resin, thermosetting resin, filler and/or
solvent were altered, and preparation was conducted in the same manner as the example 1,
yielding a series of resin pastes for die bonding (resin pastes No. 2 through No. 6; solid
fractions (in order): 68.3, 72.5, 65.5, 67.3, 44.5% by weight; the resin paste No. 6 was for
comparative purposes).

The respective compositions of these resin pastes are shown in Table 1.

[0036]
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The respective conpositions of these resin pastes are
shown in Table 1. [0036] 13 [Table 1] Materi al
Conparative Exanple 1 Exanple 2 Exanple 3 Exanple 4
Exanple 5 (The bottom|line exanple 1 shows parts by
Resin paste Resin paste Resin paste Resin paste Resin
paste Resin paste weight) No. {3}
5 No. 6 CTBNX- CTBN- CTBNX-. CTBNX-
1300x9 130041 1300x9 1300x9 1300x8 -

CTBN Base resin
100 100 100 100

No. 2 No. 3 No. 4 No.

100 YDahte192 YDCH 702 ESCN- 195 ESCN- 195 YDCH- 702
ESCN- 195 Epoxy resin 25 25 25 39 40 100 H1 VH 4170
H1Hi H1 H1 Phenolic resin 15 17 15 21 15 B3
Cur i@ ] PPK TPPK 2PAMHZ 2PANHZ 2PANHZ 2PANHZ Comparative
accel erat off Bxabpid 10| Exbinple D |1EGmpleG AcEza®plt 4 AeFagngle 5
(Ehedwriom ligel 0si | Aerbsil Aerdsil FEiller 8.8 17 10 15 | examplel
B dhowFardP | GRsibRieNVReMMRste JOkiRNMhsteDD REEIn Pt O REstn phdid | Resin paste
[ 0037] 5 1n Table 1 the varjious reference syn‘ooﬁs
of BB e Motbri hl sNM2scrli hd¥ Bl dw NodTrENX- 18388y No-6
a car boxyl ifc cagNst:-t er rameat ed g polcyBNKad| e arBN-
nunber of {functi ongl roups: nol ), nuf a d _
hy Bffgesihayst PP&S, |t éﬁog’ésliBl\l- 1%8"%1: a1‘7’86<';1’r‘?bo><y|c1|5‘?:brxg
Aci d-t er m nat ethol i qli d 1@l yhut atdoene | (nurber pf 100
'ﬁac“ ;’;‘g's THgo Yot ESBRNAT MWEARY | YRn702 | ESCN-195
b | %% 25 25 39 40 100
. o H-1 VH-4170 H-1 H-1 H-1 H-1
Phenolic resin 1s 7 15 21 15 53
Curing TPPK TPPK 2PAMHZ 2P4MHZ 2PAMHZ 2P4MHZ
accelerator 0.5 1.0 1.0 71.0 1.0 1.0
. Aerosil Aerosil Aerosil Aerosil Aerosil Aerosil
Filler 8 8 17 10 15 31
CA NMP CA NMP NMP NMP
Solvent 60 20 60 90 83 231
[0037]

In Table 1, the various reference symbols refer to the materials described below.

CTBNX-1300x9; a carboxylic acid-terminated liquid polybutadiene (number of functional

groups: 2.3/mol), manufactured by Ube Industries, Ltd.

CTBN-1300x31: a carboxylic acid-terminated liquid polybutadiene (number of functional

groups: 1.9/mol), manufactured by Ube Industries, Ltd.

CTBN-1300x8: a carboxylic acid-terminated liquid polybutadiene (number of functional

groups: 1.85/mol), manufactured by Ube Industries, Ltd.

YDCH-702: a cresol novolac-based epoxy resin (epoxy equivalence: 220), manufactured

by Tohto Kasei Co., Ltd.

ESCN-195: a cresol novolac-based epoxy resin (epoxy equivalence: 200), manufactured

by Nippon Kayaku Co., Ltd.

H-1: a phenol novolac resin (OH equivalence: 106), manufactured by Meiwa Plastic

Industries, Ltd.




10

15

20

25

30

10 CTBN-1300x8: a carboxylic acid-termnated |iquid
pol ybut adi ene (nunber of functional groups:
1.85/nol), manufactured by Ube Industries, Ltd.
YDCH 702: a cresol novol ac- based epoxy resin (epoxy
equi val ence: 220), manufactured by Tohto Kasei Co.
Ltd. ESCN- 195: a cresol novol acﬂgased epoxy resin
(epoxy equi val ence: 200), manufactured 15 by Ni ppon
Kayaku Co., Ltd. H 1: a phenol novolac resin (OH

eI MATEOKisphkRE) A BROME ASIHCH cqiiviehyd 18 sianafactured by
I ndustries, Ltd. 14 VH 4170 a bi sphenol A novol ac

r ®siimipp@HnkomidvGlesricals, InaBporatednuf act ured by

l.ni ppon | nk d em cal s, Incorporated. TPPK: :
¢ P Rempem e hveR R e pshER oo A reciigd Py Tplsyq Ghemical
b%i@h‘?ﬁ@ogﬁm cal Industry Co., Ltd. 5 2PAMHZ
Cirezolf (‘an 1 m dazol e conpound), manufactured b i
SI2PUMHZ Qe aldhs imidazgle wnpmmd)Aaamﬁa¢tureA@w§§iﬂ¥ok#§@lwmlcals
(finely powdered silica), manufactured by N ppon
A&%B‘PTF‘U&J., Ltd. CA: carbitol acetate NVP;
N- | 5o | (ki | By N Aerosil Co., Lid.
et o e e e e R e
baiwli dagbitdl atdtassi ng bl endi ng and mi xi ng are shown in
Tabl e 2. The nethods used for neasuring the viscosity
amiMPR NrBety bR dEGr e as descri bed bel ow.
Vi SCOSie[Ql’BSthe viscosity of the resin paste at 25C was
measur Wth an E-type 15 visconeter manufactured b )
Toki Sangyséity ahd thixetaipigindexiofereh of thefregi pastemics n‘éﬂ bonding

a 3 cone (0.5 rpm . ,Thi xotropi.c_|ndex: .the viscosi .
atfollawingiending And MBS SEWE R Tablse: @%%@Oiﬁowgtf& measuring
Vi , . 4 hi xQot ' [anegxb : t hen

catﬁgggg{’sz{y a&g ﬂ%&gpﬁ%k%q%?oa\%mgﬁg&s ér rruleg@ﬁ'Thi xot ropi c,

i ndex =V{sebsigostetwisabitilof thayesin pastsat@ST Cywastmdaaguredryith an E-type
20 [0039] For each of the obtained resin stes, 1t o
pedscomptergnanufagtured by %§W§5‘Eﬁ$d‘df BHng gﬁfﬁﬁ“%%‘r?cfﬁﬁg“ mm and a.3
te ngg@%ure of 180C and 250C. The nethod of neasuring

th ]

‘Podnesi ve strength i s described bel ow, ]
Thixotropic Index: the viscosity at each rotation rate was measured using the

above viscometer, and the thixotropic index was then calculated using the following
formula: Thixotropic index = (viscosity at 1 rpm) / (viscosity at 10 rpm)

[0039]

For each of the obtained resin pastes, the peel adhesive strength was measured for
chip bonding temperatures of 180°C and 250°C. The method of measuring the peel
adhesive strength is described below.

The resin paste was printed onto an organic substrate that had been coated with a
solder resist PSR-4000AUS manufactured by Taiyo Ink Mfg. Co., Ltd. (the step (1) of
applying a predetermined quantity of the paste to a substrate), and following drying for 15
minutes at 60°C and then 30 minutes at 100°C (the step (2) of effecting B-staging via a
drying process), a silicon chip of dimensions 5 mm x 5 mm was pressed onto the resin
paste for 5 seconds using a 1,000 g load, with the substrate sitting on a hotplate at either

180°C or 250°C (the step (3) of mounting a semiconductor chip on the B-staged resin for
die bonding). The silicon chip was prepared by half cutting a 400 pm thick waferto a
thickness of 250 um, and then splitting the wafer by applying force to the underside, thus
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The resin paste was printed onto an organi c substrate
that had been coated with a 25 sol der resi st

PSR- 4000AUS manuf actured by Taiyo Ink Mg. Co., Ltd.

(the step (1) of applying a predeterm ned quantity of
the paste to a substrate), and follow ng drying for 15

m nutes at 60C and then 30 m nutiss at 100C (the step

(2) of effecting B-staging via a drying process), a
silicon chip of dinmensions 5 nmm x 5 nmm was pressed
orfoominge ¢hig With patgesionsf thickrass A nosdt tle edges.0Babsgquently,

ei P Hep e g o SRS ol 1 C i f Pl thp measurement
S edppaRRtuhben if Fd 100ashiied & ﬁ%@ﬁ?&th&%‘éélnstkﬁ%th u?’bﬁ heating at 250°C for
bondi ng). The silicon chip was prepared by hal

cudt seagnds. 400 mthick wafer to a thickness of 250 m

and th splitting.the wafer by, lying force to the

nder oi M BepiEerieht apgartin Shop i FiEu o e e Pu sauge,

t N RérBRSS amathtdbéthplidife § Sdtrate ) RSRIVGHIA Y matekial (BBt paste) 2,
curing for one hour at 180C (the step (4) of

p oad-acsilicangphip B liesecemd wngop of a hatplde 3@ using bupports A1@nd 12, a push-
1 useqd.t.o agure the peel strength upon, heating.
2t PUICEEEF 37 15 BRPKER s Pratronien b€ disna fRiBo A0 b peel strength
S i A . ]
hYeYhel Bsifiipdste Is then flkabdTRd %8&5%9 Yo aldin AN RE tg? gush pull gauge 13

[
whereln a Fam nate conpri si trate™1l, a
bas diovgd imtterdiscti¢n bfthe esiow shewndh the, figuan dinogesietal,dogher numerical

chip 3.is secured on. top of .a hotplate 10 using
su‘fﬁg‘&ﬁstlg‘iﬂte &ﬁﬁ?“ﬁgT‘gclH&oﬁ-Ofﬁfﬁqw 52658213 i s hooked

under aggu@t rusi on of the silicon chip 3, and the chip
peel stLen h for the resin paste is then neasured by
det ect i Agshdven ircEatiled, theessint pestes INch-Iphdoughy §eghibitd athigh level of

is ved jn the directian, of row,shown [n,the .

¢ Rpal edisiye gttt oo gBa:C Aoy B FrbgaRle, tf bl qeastance was

a [i§5UESleh kel i hood of reflow cracking. [0040] As

shown in Table 2, the resin pastes No. 1 through 5

exhi bi t @@4&] hi gh | evel of peel adhesive strength at

bot h 180C and 250C. Furthernpore, . the heat resistance .
was 157h¢ degreselship warpingwhen a sifican ghig vas befld%ﬁ% lead frame using

wal i, 3¢ Bn?)agthé b5iQfhe B ﬂo)"@ﬁu&%}p@@ag RAsé nllsb‘ﬁﬁﬂﬁé.r RHE measurement

using each o e resi'n pastes obtained In
t hofcttig bhip warpinglvess cvedwuedin. thd henneraieseréibed belovof t he

Dol b 5be TR el eI 9BLQ 2 BFT GG Eoppaf pLte of thickncss 150 um
TR Pl 4 i 105 0 My B 1 s '
15and then 88 ndhuted&t 100AC, thbeforflngra distteadmp niAad@] (& hesin paste for die
O ity with & fibm Mofclosbss of 40 sumn. A Slicn cidp St dimeasions 6f 13 mm x 13
mm and a thickness of 400 zm was then placed on top of the die bonding material, a load
of 1,000 g was applied, and the chip was subjected to thermocompression bonding for 5
seconds at 250°C. Following cooling to room temperature (25°C), a surface roughness
meter was used fo scan the chip across 11 mm in a straight line, and the maximum height
(1m) from the baseline was determined and used as the chip warping value.
[0042]
As shown in Table 2, the chip warping in those cases that used the resin pastes of
No. 1 through 3 was almost zero, indicating a favorable stress relaxation capability. The

chip warping in those cases that used the resin pastes of No. 4 and 5 was higher than that
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bonding) with a filmthickness of 40 #m A silicon

chip with dinensions of 13 mmx 13 mm and a thickness

of 400, um was then placed on top of the die bonding

material, a load 25 of 1,000 g was applied, and the

chip was subjected to thernoconpressi on bonding for 5

seconds at 250C. Fol | ow ng cooi' ng to roomtenperature

(25C), a surface roughness neter was used to scan the

chip across 11 mmin a straight line, and the maxi mum

B6de Bl fo{]NH') 1 ﬁﬁ@ﬁ%}l{ N@uPRASLEIN /3R Sesd B (HA IS BM f41S8E resin paste
as the chip warpinhg value. [0042] 30 As shown in

dithk écatnparitéved Dop 6yimdivhating a satisfotry sassselakationuspabilite

resi ngfi%iges of No. 1 through 3 was al nost zero,

i ndi cEY a favorable stress rel axation capability.

The . . . o : .

past cd ool R HRgkNRTEEERESH hp By RAIOWHE cAfY Rese measured
oding n denarhierviddoeladtidityrmengbreienbagpavass, atd bie sho@ndn Table 2. The

| ess than that_ observed for the resin paste of the
peavysementimethodpsedds desqHbedbsloy: a satisfactory stress

rel axadlL on. g L t i :
o % SRiCARRRIH b hopl R aofiy ) 908 ShASH yiene i, i
sEffisi¢hequantityutdifogm a cipedafithcthitkacsself 460 iuai, tayid was then subjected to
measur enent apparatus, and_are shown in Table 2, The

Rreliminarantingfaniomingies af 459K apd Hen cyEps dor ofBinuesit 180°C. The

B2 s BA SO BRIy e iy an e oage s
o dik Was nida@dd uhlen thbfotkoness canditidi, and reostdedias & BETC value.

subjected to prelimnary d_a%l ng for 60 mnutes at
150C, Filmdthickaesse 100 wa, fibp vadthiB mmdsngth of grsesured, pogtipn: 22.6 mm,

ured fil h | f . 100° o

St Sitep b BBt T 1A GftafieReh tiBerature: -100°C 0 300°C, rate of

f&ﬁgkﬂrétﬁreviﬂéreﬁﬁasfm/ﬁﬂny fdasurémentfaohbsphiereg Ne pmeisurament apparatus:
nd recorded as a 25C val ue. Fil mthickness: 1

a 1ess: 100 _m
viscoeladtigity andyzenRARgmanefrctyredfyy Repometsic gpientiic EEqftd.
rreasuwtsﬁit frequency: 1 Hz, neasurenent tenperature:
-100C!'t0 '300C, rate of tenperature increase: 5C/ mn.,
neasufesmep] at nosphere: N2, measurenent apparatus: 15
vi scoel asticity anal yzer RSA-2, manufactured by
Rheonetric Scientific FE, Ltd. [0044] [Table 2] Peel

adhesi ve strepgth Vigcosity [ThlpafekoPincnal P War pi mg

St or age el ast | arisclRegi|miRaspie| (N chi p; alChipivaehing!  Storage elastic

180@edbfiste(am) nodul Us (MPa) (Nichip o s (VP

: ind m modulus a
(Pas) | mdex 1 jepec | 2soc

No.1| Examplel 160 33 22 25 0 7

No.2 | Example 2 50 3 19 30 0 8

No.3 | Example 3 150 4.8 20 20 1 15

No.4| Example 4 30 4 35 30 15 230

No.5| Example 5 200 5 40 32 17 240
Comparative 5 50 Brittle, film

No.6 example 1 0 >4 3 formation impossible
[0045]

A resin paste for die bonding according to the present invention exhibits excellent

low stress properties, and excellent adhesive strength upon heating.
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No. 1 Exanple 1 160 3.3 22 25 0 7 No. 2 Exanple 2 50 3
19 30 0 8 No. 3 Exanple 3 150 4.8 20 20 1 15 No. 4
Exanple 4 30 4 35 30 15 230 No. 5 Exanple 5 200 5 40
32 17 240 Conparative Brittle, film No.6 30 3.4 55
59 exanple 1 formation inpossible 20 [0045] A resin
paste for die bonding according to the present
i nvention exhibits excell ent Iqw'stress properties,
and excel | ent adhesive strength upon heating. 17
According to the present invention, a resin paste for
dl e bondtddgdifigfo e pRéseit ideshtioRad rdsth pRteol QIekb‘bndl ding can be provided
g@lled and applied easily by a printing nethod
ti§ able o bfhatppheq and épplgémﬂmmm@ pontinghinpthot do bubstrates that require

R R A e —
Prresif Bhsté ot boiLxRécBidigg foAke 'b?é%lﬁ iRGaltioR exhibits favorable heat
resi stance, is easy to handl e, and exhibits excellent

| gosigenagsis egsyivdranidles archekHibits exiceligne law stress padpestiesrand low

A ot BHERRC MotEeteT Tfa iR IhE iy QIR roved adhesion to

adBsta¥® Tondpafeditk ALR- 1ﬂc€|aHH&'1\‘c'st t‘l‘lcg ﬁb PRBHRS alc?Ehﬁxproves The
resin paste can be used favorabl di e bon

ofresimpagtaicamipe mp} favaratsy rﬁmtthatlﬁdxmdnig of amsuintglgrsupport substratcs such
substrat es, and er I %i%ranes and ca also p

oSS ATERPIc U BTateS Ol R 120 FPEe and Gy be Fheiawith 42-alloy lead

Agpimegat i on is based upon and clains the benefit of
priority fromprior Japanese Application 2004-180959
filed dA04ane 18, 2004 the entire contents of which

are in r rence rein 5 1t Quld
ot ed (114 APBLSHRBSs b ubaH faddpimadhe P ofBBURLY fFom prio
vV ghpaese APPkatioh %043-& ﬁgdfﬂ\é%h%""ﬁout 64 (he et Sohfdnts of which

t he af orenenti oned nments wt departing from
ttm;nmmqﬁnwwﬁbﬁdﬁemnagamun features of the present

i nventi.o cor di i Nt ended t hat such
modi f i Ja%%ﬁgb%we@ M Mléﬁ%thaﬁfea']m Y sationsd oe{et Yaious
S GRRAfiStioht EnPRERLEE &l B ABde irdle aforementioned embodiments without

departing from the novel and advantageous features of the present invention. Accordingly,

it is intended that all such modifications and variations are included within the scope of

the appended claims.
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18 CLAIMS 1. A resin paste for die bonding,
conprising a butadi ene honopol yner or copol yner (A
having a carboxylic acid term nal group, a
thernosetting resin (B), a filler (C, and a 5
printing solvent (D), wherein an elastic nodul us of
the resin paste following drying and curing is within
a range from1l to 300 MPa (25C).18. The resin paste
for die bonding according to claim1l, wherein a solid
fraction is wthin a range from40 to 90% by wei ght,
a thixotropic index is vvithin%lz%ﬁe froml1l.5 to 10
8.0, and a viscosity (25C) is within a range from5 to
1,000 Pa-s. 3. A nmethod of producing a sem conduct or

devi ce, Acesinpaste figr did boredipg, Yongrisingprirtieli @feonsspolymer or copolymer
quantity of the resin paste for die bondi ng accordi

n
t d/BilaNing ceaaponylic geidtennigalgrenn sithermoseing repis (g a ﬁ%@r (C),and a
re e

nvl% .lm%as%i\féfféﬁ) é&nfhggetr%%: ?l rﬂgdlﬁﬁs B{]tﬁ rr%?ﬂ Fasté @Iowmg drying and
reairmglﬁmdthﬁﬂarai@atﬂmlttgscnIDMPaC(us‘icr)g of the resin. 4.

A sem conduct or devi ce, obtained using the nethod of

produci ng a sem conductor device according to claim

3.5 20 5Thé°‘re?% pt}@% fﬁ i%rb%%%' g%oer{jﬁlg% <Rl Jg YL R re?r?ﬁ/ 5@% fraction is

corrprl si’ng m ne tan
t hwithias @n@@ﬁbﬁj zt(ptb gdl%bia% Jiile ) tﬁﬁ@ﬁbﬁicﬁﬁdész wltﬁmea range from 1.5 to

claim1l or to a substrate, (2) nmountin
s&@c@d@ﬂﬁ@slt& K25 Qs withinyastange %sa to Jaw%) F®§. curing
the resin within the resin paste. 25 6. A

sem conduct or devi ce, obtained using the nethod of

gr:szd uci AGné@h6& bf prRadeia}: asemiovieRordevedtdifpriting (19iapplying a

' predetermined quantity of the resin paste for die bonding according to either claim 1 or 2

It

to a substrate, (2) drying the resin paste to effect B-staging of the resin, (3) mounting a

semiconductor chip on the B-staged resin, and (4) conducting post-curing of the resin.

4, A semiconductor device, obtained using the method of producing a semiconductor

device according to claim 3.

5. A method of producing a semiconductor device, comprising (1) applying a
predetermined quantity of the resin paste for die bonding according to either claim 1 or 2
'to a substrate, (2) mounting a semiconductor chip on the resin paste, and (3) curing the

resin within the resin paste.

6. A semiconductor device, obtained using the method of producing a semiconductor

device according to claim 5.



