LI dJI D RESIN COVWPOSI TI ON, SEM CONDUCTOR CHI P WTH AN ADHESI VE LAYER, METHOD
OF PRODUCI NG SUCH MATERI ALS, AND SEM CONDUCTOR DEVI CES 5 BACKGROUND OP THE
| NVENTION Field of the Invention The present invention relates to a liquid

resin conp 0, ' I | ' | t hod of
br oduci ng. ot Resfy PR aREHEN sER RS CH A R Sy DSV E™

Rel ated Art In rec ' Ve ' phones,
personal digital WW@?@W%@S? %‘ﬁ@@ﬁ@%ﬁé&g{)fg@bﬁ) have been
remar kably enhanced in funcgj ?ﬁ_ﬁ] GSEv oth wei ght and size. Asa
result, there are strong drifs/ilaﬁgéo orcdgP gwar dtséhrﬁ)ni aturization and function
enhancenment on sem conductor devices. 15 Sem conductor devices functions
coul d be enhanced, by making either nultiple applications of different

functigns or nultiple appyixg GRWmfmﬂ@Ni n a single
n

sem conductor chip. The weig and the size of semconductor devices, on the

ot her harﬁelg%? eqn%hﬁbﬁduced by targeting at sem conductor devices that
conductor ¢

with sem I'ps of al nost equal in size. This, therefore, wll

normal |y | eads &gﬂﬁh' | 4% ' | el | as
t he di stance bgtﬂ\%ggn t eJlés?lgr%h?ec}%%ﬁctorﬁgﬂ?%g%mﬁ%%rﬁ’eégeﬁg pa éorgﬁlpcarri er
such as . ' ' ' 'ﬂ,gg“s | |

sem condlrjr?tJl g{r mgéﬂhght?ﬁ?gﬁrhgggﬁgﬁig&f?ﬁ%d%?@tsgﬂggh et f/\g{efl&gg%n?g% ﬂct or chip
and W re hpodepads on substrate, process involves dispensing of liquid
resin conponent at roomtenperature followed by curing at 25 el evated

t enper @t UrSeseiptiodf Rellat&PAftaM nati on i ssues which include overflow of
liquid resin conponent during die attach process onto the top of

sem conduct or  qhirgeniOfearsy\bleStrdid devidéed Suctods HiSHile phonke pérsérist diyi@henomenon

(creeping of resin conponent of die
assistant (PDA), digital video cameras (DVCs), have been remarkably enhanced in

finctions and reduced in both weight and size. As a result, there are strong driving
force towards miniaturization and function enhancement on semiconductor devices.

15 Semiconductor devices functions could be ephanced, by making either multiple
applications of different functions or multiple applications of same functions in a single
semiconductor chip. The weight and the size of semiconductor devices, on the other
hand, could be reduced by targeting at serniconductor devices that with semiconductor
chips of almost equal in size. This, therefore, will normally leads to reduction in

20  semiconductor chips thickness, as well as the distance between the semiconductor chips
and wire-bond pads on carrier such as metal or organic substrate.

With continuous reduction in semiconductor chip thickness and the distance
between semiconductor chip and wire bond pads on substrate, process involves
dispensing of liquid resin component at room temperature followed by curing at

25 elevated temperature may worsen contamination issues which include overflow of
liquid resin component during die attach process onto the top of semiconductor chips or

wire-bond pads, as well as kerf creep phenomenon (creeping of resin component of die



1 attach adhesive by capillary effect to the sem conductor chips top
surfaces) To tackle those issues, a nethod in which a die attach filmis
pre-applied on carrier, instead of through Iiquid dispensing, where a
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to reduce I ckness of "sem conductor devices, both the sem conductor chip

and the C%fdi&:é;duét@ﬂ M%ﬁeﬁaﬁyfséﬁc&ﬂ%ﬂaﬁg% thmsﬁrédeggvgig feat Ssarrier,

sem conduct or evices may S er war page due to t erence I'n

coef fi ci ertanidy; iddss HBtho® tPARRA a@e@{ma&ﬁ;&&vmamb&w DdielartadSilndW

dielectric constant insulating filmwth | ow mechanical strength is used as
i nt er| ayerpaeing BGh§ sheefRinbtidrPdnd it Qickd Ghe ARG s&iRicORRIcRr CRips,SRIRRE Hay

reduci ng the transm ssion delay due to decrease in signal transm ssion rate

that cause@dmittndadlon dhiis-thén ondad sththest ohePatiéc(8€LIP-A002-294 7 Taidduct or
devi ce warpage may lead to damage of the insulating film 20 Since warpage

of senigconiuat2003-347321e farexaltiple) Bavelteeslpfobesednce in coefficient of thernal
expansi on of various conponents in it, a die attach filmwth | ow bond

tenperat ure i s Tonaceiserthe sasbaral kemichedurton ickipe stabladd, layers el totrédiycaopl asti c
conponents wth low glass transition tenperature or high anmount of

| ow- ol ec uhizkaese of femicendupion devicesabseth thegemi emdictor didp dndithe dariesi n
conposition. This may, however, lead to the 25 | adhesive layer to exhibit
t acki ness thicknae hatectobe raduceds. When using thin carrier, semiconductor devices may

suffer warpage due to the difference in coefficient of thermal expansion of the

15 componentsinit. Aslow dielectric constant insulating film with low mechanical
strength is used as interlayer dielectric material, to increase device operation speed by
reducing the transmission delay due to decrease in signal transmission rate that caused
by an inter-wire parasitic capacitance, large semiconductor device warpage may lead to
damage of the insulating film.

20 Since warpage of semiconductor device is due to the difference in coefficient of
thermal expansion of various components in it, a die attach film with low bond
temperature is therefore desirable. To achieve that, either thermaplastic components
with Jow glass transition temperature or high amount of low-molecular-weight
components are required in the liquid resin composition. This may, however, lead to the

25 | adhesive layer to exhibit tackiness at room temperature.

Die attach film that is tacky at room temperature may lead to pick-up failure of

semiconductor chip from dicing sheet. Tacky die attach film may also lead to pick-up



Die attach filmthat is tacky at roomtenperature may |l ead to pick-up
failure of sem conductor chip fromdicing sheet. Tacky die attach film may
also lead to pick-up 2 failure of sem conductor chip fromthe stage, where

o ﬁl‘gem;ﬁé‘%?"?é‘%gggﬁ%ﬁxét ‘i%@ﬁ@@@5%7&%5%%8%%%@%%%&%585’222355?”} or
or oposed Al et pxbeBlabip R G61F ding BN | B BT AL 22 packages
(see JP- ATROOGBT4ON dnd [FR-PoROBEIBIHPexcdipley) P- A 2003-212964, for exanpl e).

In these inventions, a liquid resin conpositiion is applied onto a

sem conduct or - NARESHls, Whidh R THRER ffe8 aBroonSRimperatisi/Hase bk brbposeiad heated so
that the liquid resin conposition is tack free at roomtenperature, and the
sem Cogdu%éHI%mM%’mht%dﬁlB%h%fEﬁﬁvélthﬁiﬁi% mﬂagesg%almwmmdmr chi ps.
Since the sefm conductor chip is encapsul ated and soldered at the sanme tine

in the sulypeguent-9II40CARBIP-AL2003-212964 F6 akainglepond the semi conductor chip
at a tenperature of equal to or higher than the nelting point of the

sol der. As desgy tHeesing&tions, AluidiReE cotnpodivien isAplie®Rblagemacongiéteonduct or
chip to be 15 bonded to carrier at |lowtenperature and is tack free at room

t enper at uraféaetiIimpge ., spldePRassk) afd M\iédYhealed kb fthat mﬁiﬁﬂimsﬁh e present
invention is to provide a liquid resin conmposition capable of 20 producing
an adhesi \compasititn isthukdteeias rdont tenfpeeture avidabedntiopiueior wWafertihthen divaltl es a
sem conductor chip to be bonded to carrier at |ow tenperature; a

sem cadodudntoindividpal semiconduciarathirsi v Sirce vhersefnioomduktorsihiyy isteneapsulptédd r esi n
conposition; a nmethod of producing such a material; and a highly reliable
sem condu@ndsoldered etthé samectime én thg subsequent processgit ¢ mecesshiytobondi thehe adhesi ve
| ayer.

semiconductor chip at a temperature of equal to or higher than the melting point of the
solder. |
As described above, an adhesive layer that enables a semiconductor chip to be
15  bonded to carrier at low temperature and is tack free at room temperature has not been

proposed.

SUMMARY OF THE INVENTION
The present invention is to provide a liquid resin composition capable of

20  producing an adhesive layer, which is tack free at room temperature, that enables a
semiconductor chip to be bonded to carrier at low temperature; a semiconductor chip
with an adhesive layer formed using the liquid resin composition; a method of
producing such a material; and a highly reliable semiconductor device formed using the
semiconductor chip with the adhesive layer.

25 The above objectives are achieved as below.
(1)  Aliquid resin composition comprising (A) an epoxy resin component and (B) &

curing agent compenent, where the epoxy resin component (A) being liquid at room



25 :I'he above objectives are achieved as below. (1) Aliquid resin
conposition conprising (A) an epoxy resin conponent and (B) a curing agent
conponent, where the epoxy resin conponent (A) being liquid at room 3
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the semc uctor chip ng the Fiqui n composition according to
any one of, "?g}, Dat 't%ﬁ&a ¥ heating the sem conductor wafer or the
sem condugftgl?ecc | pmfétet’a tﬁféﬂ#ii rs t?5 tenperature. (5) A sem conductor chip

W th an agfesi qge ligy rreﬁﬁe&u-"@s?ﬁ&yac%ﬁmgq' 0 S5 Whe s Bgth e Wi Sund Lh an
adhesi ve ??'Eer accgr ing to ’E‘4 . (6) A semkgf;or{éu}(?:tor devt?tz:]e conp@ir sing the
seni condughgy andhth®cothpdund TBAFRARINS or Y heﬁﬁﬁ@liﬁir@%r] Infhe (5) and a
carrier, ﬁgjre t he sem cogguctor chip isee%onded. 2 %%dpi met hod of

pr odugigng pislete. conduct or wafer with an adhesive | ayer, by applying the
liquid resin conposition, according to any one of (1) to (3), to one side of

a sem coighuct oy senréciidinctor wefeh 0fla Sdmitoriduciog ciip vt asidhesivelager, whyreheat i ng at

a first

the adhesive layer is pre-applied and formed onto the semiconductor wafer or the

semiconductor chip by using the liquid regin composition according to any one of (1) to

(3), followed by heating the semiconductor wafer or the semiconductor chip at the first
1S  temperature,

(5) A semiconductor chip with an adhesive layer produced by dicing the

semiconductor wafer with an adhesive layer according to (4).

(6)  Asemiconductor device comprising the semiconductor chip with an adhesive

layer according to (4) or (5) and a carrier, where the semiconductor chip is bonded.

20 (7)  Amethod of producing a semiconductor wafer with an adhesive layer, by
applying the liquid resin composition, according 1o any one of (1) to (3), to one side of &
semiconductor wafer; a method of forming an adhesive layer, by heating at a first
temperature, which is tack free at room temperature but tacky at temperature of equal to
or higher than the first temperature; a method of laminating the semiconductor wafer

25  with the adhesive layer to a dicing sheet; a method of producing the semiconductor chip
with the adhesive layer, by dicing the semiconductor wafer with the adhesive layer into

individual semiconductor chips with the adhesive layer.



tenperature, which is tack free at roomtenperature but tacky at tenperature
of equal to or higher than the first tenperature; a nethod of |am nating
t he sem conductor wafer 25 with the adhesive |ayer to a dicing sheet; a

aicing e nioontanilel PSRRIkt Bl o3 ollSaR Wphtibmai Y
Sem conduch B BLR ALK ySE oPRERR IS (oM Barmch ot BRI DC aihestve
prasent | nvent fasoet) el Bluols | lop K e e i g an
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sem cogdugimicofdiicior cipith be BoRdtAas h%&deﬁ!ﬂbwft%gﬁﬂtu&@, ia%&ntdaﬁaﬁdt&lu‘hg: resin
conposition; a nethod of producing such a material; and highly reliable

sem condugl@ranthdKésiv Iﬁfla’rﬂ&%ddﬁisﬂ% th@ﬁ%ui&?éﬁr%ﬁlﬂkbﬂéhﬂrh' & Hethodigfh the adhesive
| ayer can be provi ded. 10 DETAI LED DESCRI PTI ON 'OF THE | NVENTI ON AND
PREFERRED prddWBeRshdENT Rate il afd BighFirelidhl@ni@shdReRY de\8se Rorhbdlikisy tRSI N
conposition conprising (A) an epoxy resin conponent and (B) a curing agent
conponent gemfeehiductdt @hipRety the @dhdRive19/EP @AEHS prlofadeldei Ng |iquid at room
tenperature, and the curing agent conmponent” (B), 15 which includes (Bl), a
conmpound whi ch contai ns phenolic hydroxyl group(s) and is dissolvable in the
epoxy resin conponent (A); and (B2), a conpound which contains phenolic
hydr oxgl gr oup DETAANED BESORIRIION0OY JMEINVENTEONROND PREFERREDPONENt (A) ;
the liquid resin conposition capable of producing an adhesive | ayer, which
is tack free at roomtenperatur EMBORIMENES es a seni conductor chip to be
bonded to carrier at |ow 20 tenperature; a sem conductor chip with an
adhesi ve | ayer Thepresehtirsientiont providies|a liquid essim composition domprising (Apehod of
produci ng such a material; and a highly reliable

epoxy resin component and (B) a curing agent component, where the epoxy resin

component {A) being liquid at room temperature, and the curing agent component (B),

15 which includes (B1), 2 compound which contains phenolic hydroxyl group(s) and is
dissolvable in the epoxy resin component (A); and (B2), a compound which contains
phenolic hydroxyl group(s) and is not dissolvable in the epoxy resin component (A); the
liquid resin composition capable of producing an adhesive layer, which is tack frec at
room temperature, that enables a semiconductor chip to be bonded to carrier at low

20  temperature; a semiconductor chip with an adhesive layer formed using the liquid resin
composition; a method of producing such a material; and a highly reliable
semiconductor device formed using the semiconductor chip with the adhesive layer.

The epoxy resin component (A) according to the present invention refers to

epoxy resins used in the liquid resin composition. When only single type of epoxy

2§  resinis used in the liquid resin composition, the epoxy resin component (A) refers to the
single type of epoxy resin. When two or more types of epoxy resins are used in the

liquid resin composition, the epoxy resin component (A) refers to a mixture of the two



sem conduct or device forned using the sem conductor chip with the adhesive
| ayer, The epoxy resin conmponent (A) according to the present invention
refers to epoxy resins used in the liquid resin conposition. Wen only
single type of epoxy 25 resin is used in the Iiquid resin conposition, the
epoxy r esirmare fyrenehepqrmyesing erldiecpoxiesinspmppeent (ALisdiqud MM esi n.  Wen

two or nore ty s of epox sins,are used iin the ,(Iiquid resin conposition,
t he epoxytemp %orﬁﬂ?ﬁ’@ﬁ@ﬂx Aﬁlenea@r%n&lwae %Wé’eﬁlstﬁégﬁ\@eﬁpﬁy nmore types

of epoxy reSI ns. The, e oxy sin c?%ent (A) l'iquid at room
t enper at Lne@ncsﬁaenw PSR Hﬁﬁl’élst %tf“‘%"ﬂmp?ré@-}‘%a’?% used as

the epoxy ., resin conponent , the single type of e 0oX reS| S I|qU|d at
room tem@h%%@fwﬂméﬁem'ﬁ‘%?&@ﬁgé r}éb dPesed as
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liquid at I J}ﬁﬂ g,ye
corrponentre%l%%}ngsgﬁg%%gﬁ% fiﬁgﬂ %hjdh? % ot re erabl e t hat
the epoxypdssig! 9he FeSulting nﬁ:&ﬁ:‘@'wi’ﬂ?ét!h@r SRSt Thebx 1oh‘6’?“ﬁ& nore
glycidyl groups 1n the nolecule for high r act|V|ty Ince the liquid resin

CONpOsi t i QxR eGRT inttibnb@ (WY& RAES B FoomMAPérh@fe " Red FEHe bRisent invention
means the mixture of all of the epoxy resins used in the epoxy resin component (A) is
15  liquid at room temperature,

The epoxy resin used in the epoxy resin component (A) is a compound having
glycidyl group(s)., It is preferable that the epoxy resin used in the epoxy resin
component (A) has two or more glycidyl groups in the molecule for high reactivity.
Since the liquid resin composition according to the present invention is used for

20  semiconductor applications, it is preferable that the epoxy resin contains small amount
of ionic impurities. It is preferable that an epoxy resin with aromatic glycidyl ether
group(s) is used to achieve high reactivity when a compound with phenolic hydroxyl
group(s) is used as hardener.

Examples of the epoxy resins which are used in the epoxy resin component (A)

25  and are Jiquid at room temperature include, but are not limited to, epoxidized bisphenol
compounds such as bisphenol A or bisphenol F, which is liquid at room temperature,

epoxidized aminophenol compounds, which is liquid at room temperature, an aromatic



20 sem conductor applications, it is preferable that the epoxy resin
contains small amount of ionic inpurities. It is preferable that an epoxy
resin with aromatic glycidyl ether group(s) is used to achieve high
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epoxy res#atmlm a napht hal ene, an epoxy resin with a anthracene, and the
like. In e present invention, nono-functional epoxy conpound which is

l'iquid : ' 3 : | gl ycidyl
Chlor) oy o SSRGS rlno SRS B bionfl NP Sagage 01Vl
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conponentig ﬁﬁ\)eid al R rpBRAnAE AN i TR dilh)hé S5dhdy9estn whithliffolfgosrpound (BI)

whi ch bas-phenolic hydroxyl group(s) and is dissolvable in the epoxy resin
COWDQneEtroérﬁ)temﬁé}Md”&r & fgRidwistirPR) rodini témipdiagrdohenol i ¢ hydroxyl  group(s)
and is mot dissolvable in'the epoxy resin conmponent (A). Specifically, the

The curing agent component (B) according to the present invention is a curing
agent for the epoxy resin component (A). The curing agent component (B) includes

15 I the compound (B1) which has phenolic hydroxyl group(s) and is dissolvable in the
epoxy resin component (A}, and the compound (B2) which has phenolic hydroxy!
group(s) and is not dissolvable in the epoxy resin component (A). Specifically, the
curing agent component (B) comprises both the compound (B1) and the compound
(B2).

20 The compound (B) is considered as dissolvable in the epoxy resin component
(A), (the compound (B1)), if transparent mixture is observed with the following mixing
process. The mixing process involves charging 90g of the epoxy resin component (A)
and 10g of the compound (B) into 300cc separable flask, which is then heated in an oil
bath. The mixture in the separable flask is stirred and heated at 145 to 155°C. After

25  being stirred for 30minutes at 145 to 155°C, the mixture is then cooled down and staged
for 72 hours at room temperature. The compound (B) is, otherwise, considered as not

dissolvable in the epoxy resin component (A}, (the compound (B2)).



curi'ng agent conponent (B) conprises both the conpound (B 1) and the
conpound (B2). 20 The conpound (B) is considered as dissolvable in the
epoxy resin conponent (A), (the compound (Bl)), if transparent mxture is
observed with the followi ng m xing process. The m xi ng process involves

char gi ng 90g of Thdwfiepimgipoint ot theanehingpoint ¢fAhe campbund @B 1 pis nommalionrpound ( B)
I nto 300cc separable flask, which is then heated in an oil bath. The

m xture i n2009€ oz belamab Examples bof the comipoumti(Bl) dndinedet tesphanols #dchtas 155C. After
25 being stirred for 30m nutes at 145 to 155C, the m xture is then cool ed
down and sbiagtetiol A drisphenéid)osderivativesthereof) e campownd dbainedbbyreacing®) i s,

ot herwi se, considered as not dissolvable in the epoxy resin conponent (A,
(t he conpoplmiol (82, phEndnevelat becresn) npudlae) aritstdadvatyetwitipfopmaidebysie, a he
conpound (B1) is normally 200C or bel ow, Exanples of the conpound (BI)

i ncl udes bi eqrhpmoH obtainsd hygeadsing pipbernl onjts Beriyative withrbenzaldehyde.\ecphienels

thereof, a conpound obtained by reacting a _phenol (e.g., phenol novolac or
cresol nov@ﬂaﬁgr phenol reginge biphenyil wealkyl phermcd resin, asnpperndhayingmpanphthaledst ai ned
by reacting a phenol or its derivative with benzal dehyde, a phenol aral kyl
phenol r es# fompowsdyvhieh hasananthyacepe ardiwe ergnere pheadliedtydraxyhgioung a

napht hal ene, ~a conpound whi ch has an anthracene and two or nore phenolic
hydr oxyl gfinelpding g hydnowy grgupdimsedly brpdedio supramatisaingsugb asiagapidolan ar omati ¢
ring such as_a naphtol hydroxyl group) in_the nolecule, and the like. The
conpound ( hwlrpxyl graum) irpthe odechie, padythe ke, y Theyeqmppand BRbigmarmally &g a nel ti ng
poi nt exceedi ng 200C. Exanples of the conpound (132) jnclude bi phenol,
tripheidl e ecrysigiing ¢pmpaurd havipg a geaitieg priny axesedipg £00°Cs Bxamplesabl e in the
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the compound (B2) which is not dissolvable in the epoxy resin component (A) are used
in combination as the curing agent component (B) so that the liquid resin composition,
15 according to the present invention, forms an adhesive layer that is tack free at room
temperature, but is tacky at temperature of equal to or higher than the first temperature,
after being heated at the first temperature.
When usiﬁg only the compound (B1), the resulting adhesive layer is tack free at
a temperature of equai to or higher than the first temperature after being heated at the
20  first ternperature,  When using only the compound (B2), the resulting adhesive layer is
either tacky at room temperature or tack free at temperature of equal to or higher than
the first temperature after being heated at the first temperature.
Specifically, when the liquid resin composition according to the present
invention is heated at the first temperature, the epoxy resin component (A) and the
25 compound (B1) react entirely or partially so that the molecular weight of the liquid resin
composition increases. Since the curing reaction is partially completed, the liquid

resin composition after being heated at the first temperature is tack free at room



tefrperature, but is tacky at tenperature of equal to or higher than the
first tenperature, after being heated at the first tenperature. \Wen using
only the conmpound (Bl), the resulting adhesive layer is tack free at a
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and the 1Q.ggweund (B2) are preferably used in a weight ratio of 1:5 to
5:1, and nore preferably 1:4 to 4:1. The first tenperature refers to a

tenperature at TNRifz§ tédiferhtuftitefbrd @S tBmp&RAiRO & Whiek tHeNiduitbrebiar m of adhesi ve
| ayer is heated to becone tack free at room

composition in the form of adhesive layer is heated to become tack free at room

temperature, but tacky at the temperature of equal to or higher than the first temperature.

15 The first temperature is preferably 60 to 200°C, more preferably 80 to 150°C, and more
preferably 100 to 120°C. The second temperature refers to a temperature at which the
adhesive layer is converted to almost a full cured material afier being heated at the first
temperature, The second temperature is higher than the first temperature. The
second temperature is preferably 200°C or below.

20 It is preferable that the liquid resin composition according to the present
mvention includes a reaction catalyst for a glycidyl group and a phenolic hydroxyl
group. A compound known as a reaction catalyst for a glycidyl group and a phenolic
hydroxyl group may be used without specific limitations, Examples of such a catalyst
include phosphorous catalysts such as salts of tripheny] phosphine and tetraphenyl

25  phosphine, and nitrogen catalysts such as diazabicycloundecene, dicyandiamide,
hydrazine derivatives, and imidazoles. It is preferable that a reaction catalyst with a low

melting point such as phosphorus catalyst, tertiary amine catalyst, or imidazole catalyst,



tenperature, but tacky at the tenperature of equal to or higher than the
first tenperature. is The first tenperature is preferably 60 to 200C, nore
preferably 80 to 150C, and nore preferably 100 to 120C. The second

i " , ' . : : . :
conver t ed %8 S Eofaifae WHACHEh el polf' i A Vigy RERRIC & BRI S [
t t ' ' | t .
The. sccon b RARHRMIL B7REieby bR Y R imptled 481 b} beond e er abl ¢
that the higu 'p@ct{«% i ' int | |
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phenol i ¢ hydroxyl "group nmay be used w thout specl i mtations, Exanples

of suck aaﬁﬁ&&ﬁd@bmdh&‘b'fﬁﬂﬁetﬁﬁﬁﬁ%ﬁdl@ﬂﬁd S BARbSG-vifHignesal ts of triphenyl
I osphi ne,

phosphi ne and tetraphenyl 25 ph and nitrogen catal ysts such as
di azabi cygéﬁézaﬂmﬁ%?l.ﬂyﬁxfﬁﬂétﬁmﬁﬂazol&yﬂaazi ne derivatives, and im dazoles.
rab ' i

It is pref e that a reaction catalyst with a low nelting point such as

phosphor us.grahylly/$HihydRkymathylididdslecat al yst, or imdazole catalyst, 9 and
a reaction catalyst with a high nelting point such as dicyandi am de or
i mdazol e cat ghyKhuidr&id &ﬁﬂ?ﬁ%&idﬂ' Rcdr@ing!t6 Al preRnbinvétion hileinthaet
tenperature and the second enperature respectively. The i'm dazole catalyst
with a hi gilefBihmples BB filleFsdhedd) metal patvders ¥BEH adKillvROsdWded golBPéwdrr, above.
Exanpl es of such 1mdazole catalysts include 5 an addition product of
2-met hyl i gbspREe Ebﬁdﬁfﬂuﬁin%nﬂpﬁﬂﬂe@,&ﬁ@;e?pwdéﬂ arid7palledium powder and ceramic
2- phenyl - 4- et hyl - hydr oxynet hyl i m dazol e, and
2- phenyl - $otrdets biyohraasilice powier; aluthiz:opotvdel; itarlia powwdbr) dominueoniaddd ti on
according to the present invention may include filler. Exanples of the
fillers i powdeteandbeirad nifridecmwales wod palyner bowderp swalieas polydhydenegwnbeder, 10
copper powder, al um num powder, nickel powder, and pall adi um powder and
cerami ¢ poolyecrylatamiwdes polytétraflupmsthylene powden polyamiterpowdet, polyaretitander |,
alum numnitride

powder, polysiloxane powder, and polysilsesquioxane powder. Either to prevent

15  clogging in a nozzle while applying the liquid resin composition using dispense nozzle,
or to ensure an even and smooth printed surface while printing the liquid resin
composition using squeegee or blade, the average filler size is preferably 15 um or
below, and more preferably 10 pm or below. It is preferable to reduce the number of
large particles. Therefore, it is preferable to sieve the filler through a filter with

20  opening size of 30 pm.  Itis preferable that the filler contains only small amount of
ionic irnpuriﬁes (e.g., sodium aund chlorine),

It is preferable that silver powder is used as filler when electrical conductivity
and/or thermal conductivity are required.  As a silver powder commercially available
for electronic materials, a reduced silver powder, an atomized silver powder, and the .

25  like can be given. The average filler size is preferably 1 to 15 um. Average filler size

of less than 1 um will lead to high viscosity and poor process-ability. Average filler

size of above 15 pm may lead to clogged nozzle while dispensing and uneven printed
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powder, and boron nitride powder, and pol yner powders such as pol yt hyl ene
powder, polyacryl ate powder, polytetrafl uoroethyl ene powder, pol yam de
powder, polyurethane powder, polysiloxane powder, and pol ysil sesqui oxane
powder . Ei 1L Q-DEeyent, cl [ ' ' ORI ¥ he I'iquid
resin co %&?‘{ﬁ%ﬁ‘ Jsﬁ?bgﬁcéépoélﬁsg&?@%fﬂgaee&%#gﬁg& ﬁgglﬁ}eﬁén e\‘/:é}rl\a%ﬁ snmoot h

printed S%ﬁ&ﬁom JsBdl RIS IsfPbdr PO wBEfo} pEns: g?g@%go%gag%ggﬁ%pg%ﬁwqueegee

or bl ade, e average filler “size 1s™pre nor e

preferabl ye 'mngﬁurmépmdugh @gp@% Fﬂ'ﬁr@feﬁe&}%ph&%ﬁfﬁxab@&ﬁﬂb’z‘%ld@é | ar ge

particles. erefore, it 1sp e to sieve the filler through a filter

W th 20 opeRiaed fRiséBewitsRake fillér, ic%fefe%m@imegoﬁcdﬁﬁﬁédnhh@mcon,t ains only

W
smal | anmount of Tonic inpurities (e.g., sodium an lorine), It is

pref er gbl %Ptrig%ﬁoﬁ.i | P G \¥eRfent B 1i4RRTTeSR cBiR?bﬁﬁod‘ﬁ%nﬂth'N {ocod weghduct i vity

and/ or the conductivity are required. a silver powder commercially
avai | abl e & 76 A%t dfilvér gﬁlkﬂéds@ha%’ deSiréPé] iR 6h) ShhdiREiviRy Wiifle. abave 98 om zed
|

silver powder, and the . ke canbe given. The average filler size is
pref erabl ywds s0silber will leAV @Al viskdshi® bf SleZ8mpalitibe St ilaREs drbtess-abilitead to

hi gh viscosity and poor process-ability. Average filler 'size of above 15 pm
may Ieadrtljgoﬁl ogged nozzle while dispensing and uneven printed 10 surface in
printingtapplication. It is preferable that silver powder for sem conductor
application i s Thediduidaresifiicbmpositieratebrdigy oghdgresdn: BBhticiedbp farftey contain a
| arge anount of ionic inpurities. Though flake type is preferred, spherical
shapedof i lihchidecedulibgagent.s Exstgled ofghd dotiplivg hfent inekisdef butlaty not Ninited ar e
easily available for sem conductor 5 application. The filler content in

li qui d redb,repoxysiias ¢dupling agemey sweh hy 3-glycidoxPfropylfimetBrysilang thdvt % of sil ver
gives |less than desired electrical conductivity, while above 95 w % of

sil ver wi I3-glyeidoxypoopyltghthekgsilase, vinyddilahdieouplinp agérts sphtakat nakes
process-ability poor. The liquid resin conposition according to the present
| nvent i on vingitrivietoxysilane and vinyltriethoxysilane, (meth)acryloxysilane coupling agents

such as 3-methacryloxypropyltrimethoxysilane, 3-methacryloxypropyltriethoxysilane,
15  and 3-acryloxyprophyltriethoxysilane, aminosilane coupling agents such as
N-phenyl-3-aminopropyltrimethoxysilane and 3-aminopropyltrimethoxysilane, and
mercaptosilane coupling agents such as 3-mercaptopropyltrimethoxysilane and
3-mercaptopropyltrimethoxysilane, It is preferable to use a sulfide silane coupling
agent such as bis(3-(tiethoxysilyl)propyl)disulfide or
20  bis(3-(triethoxysilyl)propyl)tetrasulfide.

The liquid resin composition according to the present invention may optionally
include additives such as low stress additives, defoaming agents, leveling agents, and
surfactant,

The viscosity (25°C) of the liquid resin composition according to the present

25  inventionis 10 to 100 Pa's, preferably 15 to 80 Pa's, more preferably 20 to 60 Pa-s,
The viscosity of the liquid resin composition is measured at 25°C, at 5.0 rpm, using a

Brookfield viscometer (CP51 cone).
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10" i ncl ude a coupling agent. Exanples of the coupling agent include, but are
not limted to, epoxysilane coupling agents such as
3-gl yci doxypropyl tri metoxysilane and 3-glyci doxypropyltriethoxysil ane,

Vi ii! ot hoxydtF Qﬁ?ﬁ%ﬁ@%%é%ﬁ}ano ﬁgf?in%'s“E%%fﬁﬁﬁ%%li}%ﬁﬁﬁ%ﬁ%ﬁf %
15rrg';]dag[ ﬁ:e(rgy_i oﬁ%%g%f??%%ﬁ%?y g’r@,‘@m n%ﬁy: aneIBQoupH’ Fglhg(?;gg)ri%/? sﬁgﬁ as
N- phenyl - ﬁ'e iﬁgmquéﬂlttiﬂ ﬁﬁ&&b%x& I"%&ﬁ%ﬁﬁg@ﬁﬂéﬁom opyl tri met hoxysi | ane,

and nercaptositane cou g agents s capt opropyl tri net hoxysi | ane
d 3- t (RN US| Ny 3 | fid

a1 1'ane coupl | naBt SMiebAtitRy QEHZheRing id ol prolpCANN el RIS 1 o 20

bis(3-Ctri . Y L I E i

agggrdsn;@gggﬁ%éﬁfﬁﬁéﬁﬁﬁ n l{rrg{/h%g? f%%gﬁ#ﬁginﬁgpﬁgdgﬁgg | tio\sliesI gzch as

| t ne. - def aami - : - tant.
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The vi scosi qui conposition according to the present

25 i nvent igp {Bﬁse&ﬁodd&ué@?wﬁﬁrﬁﬁﬂ?ﬂﬁfaﬁh@ﬁ%daﬂé t PhSQnfiacndubier Bhipvafier abl y 20

to 60 Pas, he viscosity of the liquid resin conposition is neasured at

25C, at 5k ddReRiveRayéids then Borded th @hudiey With QERI AN prdshie ind Qifdotedlth The liquid
resin conmposition according to the present invention is produced by

prem Xxi ng clifife, C AR VAR Bondkdpemeéedds] thd\&enfitboddutRr bisip idthen bidapaulated bgthg m | |,
and degassing the resulting product under vacuum . for exanple. The

sem cqoduep®iy ﬂﬁuhfgecoa%@midim Qranbfer BoRESbrocéd ¢ foras hicddutppduced s

usi ng a known net hod. For exanple, the liquid resin conposition is applied

to a semidevdes uctin semidondadtordeviaiaccutding t® the\pidsetit invehtioRemchidat ed to obtain
a sem conductor chip (or sem conductor wafer) with the adhesive |ayer. The

sem conduditegrated cizcvitst(IC) and large slale integration (LSI), diode, transistor, and the like.

A method of producing a semiconductor chip with an adhesive layer and 2
method of producing a semiconductor device using the liquid resin composition
15  according to the present invention are described below.
< Process of applying liquid resin component >
The liquid resin composition according to the present invention is applied to the
backside of a semiconductor wafer (i.e., opposite to the circuit-~formation side, which-
has wire-bond pads). A semiconductor wafer on which circuits are not formed may
20 alsobeused. The backside of the semiconductor wafer is normally grinded before
dicing to control the thickness of the semiconductor wafer. The liquid resin
composition is then applied onto the backside surface of the semiconductor wafer. The
liquid resin composition may be applied using a known method such as screen printing,
stencil printing, spin coating, and the like. For example, a semiconductor wafer with
25  back grind tape (i.e,, a tape attached to the circuit-formation side of semiconductor
wafer to protect it during back grind process) is placed in a printer such that the

backside of the semiconductor wafer facing upward, and the liquid resin composition is

12



t he adhesive layer is then bonded to carrier with heat and pressure and
subjected to curing. After wre-bonding process, the sem conductor chip is
t hen encapsul at ed usi ng 10 epoxy nol di ng conpound through transfer nol ding

process t onduQlnflich GRIMEAIMIEL Bf « SEfh Bk I 'Iﬁgamg%qc ghgigece according

to the present invention inc I ntegra circuits and large slale

I ntegrat | tgéx}egb)ade,%q R1hd BRdkRERIThe k3 dodifRsitibn TPidieemOf producing a

sem condu hip wth an adhesive |ayer and a “nmethod of producing a

sem Condu%l%mﬁ%&&,cﬁsdﬁﬁkélﬂiub@?daféi:ﬁ Flade@ntb & SPIR eSdthr, With HObaARGE §f Ng to the

present invention are described below < Process of applying liquid resin

conponent szmkRRdckdt 4, e:rﬂgi'gg g?@aw&ﬁd 1he ulgameﬁﬂ cOpdRH SIS applRdpthel nvention

is applied to the backsi a sem conductor wafer (i.e., opposite to the

Ci rcui k- f Qeies dfGhe SentiGondildic? Wafdias Awhin@nb AAHo MR er ofAhe RiliG edfiLICt Or wafer on
which circuits are not forned may 20 al so be used. The backsi de of the

sem conduGbRipodiféiels thén fophedby YerfiifugsieRrde@f Aigh speddipivthing) CRhalligald t he
t hi ckness of the sem conductor wafer. The liquid resin conposition is then

applied oaém&m@pdsﬁwnshgeﬂwbéa%ﬁe@tomﬂﬁmm&duﬁb onefeeimordhe 1iquid
e

resin conposition may be appli usi ng a known net hod such as screen

printing, meisgwizzleprornd b hetatigpwafes dddiphG, mevidg hbgzie.i ke. For exanple, a

sem conductor wafer with 25 back grind tape (i.e,, a tape attached to the
circui t-fornmat ilois peafelablefto asd bavkguint edpe, which exhibitpexdeHedt hedt redistanvg back
grind process) is placed in a printer such that the backside of the

seni cavducufiicientfoewitiistandrhgatingprodess amthe fdter procpssed. r #95 alsc prafeyable toon is 12
then applied onto the surface via a screen nask or a stencil nask using a
met al or useh haskrgrinidas thaichas sapport fanttiindkees funcfion bfsuppressing werpage
conposition is uniform Alternatively, a sem conductor wafer is placed onto
a spi n coanédefomnation dfdabla gtinded semiconduntorowsfeuwitlo redneddshickaesshfpr upwar d, and
the liquid resin conposition is applied at the 5 center of the sem conductor
waf er. A tspiniconductorowaferor m | ayer of the liquid resin

<Adhesive layer formation process>

15 The semiconductor wafer with the liquid resin composition is heated at the first
temperature so that the liquid resin composition turns into the adhesive layer which is
tack free at room temperature, but tacky at temperature of equal to or higher than the
first temperature. The heating process of semiconductor wafer at the first temperature
may be carried out on hot plates, in a convention oven, in a re-flow oven, and the like.

20 The heating temperature (first temperature) is preferable 60 to 200°C, more preferably
80 to 150°C, and more preferably 100 to 120°C. Warpage of the semiconductor wafer
reduces, when heated at Jower temperature (first temperature). The heating time is
preferably one hour or below, above which productivity may be affected and warpage of
semiconductor wafer may increase. The heating conditions are preferably 150°C or

25  below for 30 minutes or below, and more preferably 120°C or below for 30 minutes or
below,

The thickness of the adhesive layer, after heating at the first temperature, is
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coﬁposition is then formed by centrifugal force of high speed spinning, The
liquid resin conposition may al so be applied to a stationary wafer through
one or nore noving nozzles, or to a rotating wafer through a noving nozzle.

I i's prefcranhs 3 it BuBackol b Aper, A SbiBliR.GR | ent heat

cren and ‘heating process in the [ater

et 1 on (s e B D e S Rlse S o7 biack.

function (1.e., a lon o pag ormati on” of back

gr i nded s PG in ittt NRECAURRM, b RIFREPIN dddlesive BEL QB O

waf er. <Adhesi ayer mat 1 on process> is The sem conductor wafer wth

the liqui %ﬁ%&&bﬁﬁﬁ?&li&ﬁi@?ﬁi&cé}ﬁ@sﬁﬁﬂa 9 1bivBdcosie TPETRIsYS fa SO that the

l'iquid resin conpositTon’turns into the adhesive l'ayer which is tack free
at roong t EHAREALY AR 4 ﬁlhﬁ%ﬂc@?snb%ﬁﬁi%ﬁd@fafﬁﬂﬂﬁ'adeﬁrﬁﬂﬁucﬂ&gr than the
first tenperature. The heating process of sem conductor wafer at the first
t enper at urgior iR¥ielH HBE&d, out on hot plates, in a convention oven, in a
re-fl ow oven, and the 1ike. 20 The heating tenperature (first tenperature)

i s preferabl e 6WheRthéQdhesivelhyerBoraiedraftel NeatiBP at frsl oRiperatitd comaips ar ef er abl y
100 to 120C. Warpage of the sem conductor wafer reduces, when heated at

| ower t enmiafgataiotnt ¢fivobdtild esmmeinahts/the adhbbive @t mag be tatky iabroont ef erably one
how or bel ow, above which productivity may be affected and war page of

sem conduq&m?mnﬁ@nh&p"ykiuﬁwmﬂﬁy mBybeposd, and veidn fiay ibe fermedevtiphalier abl y 150C
or 25 below tor 30 mnutes or below, and nore preferably 120C or bel ow for
30 m nut essefticondadtorchif ndthtihberided secavfiert Terefdles $ iy prelferyisie thantlieer heating at
the first tenperature, is 13 preferably 200 pm or below, nore preferably 5
to 50 m Thihesite kivercsistainéd by epplyidp dss liguid mgiarcorysitien ontotthebacksideyf adj ust i ng
the process paraneters and the viscosity of the liquid resin conposition.
For exanplemiconduttet wadet, at thivknesafi 66 iuwe id yhave valatild content of 1 wt or less

afier being heated at first temperature of 110°C for 30 minutes. The thickness of the
liquid resin composition formed is measured using a non-contact thickness meter, The
15 wolatile content is defined as follows. Specifically, a semiconductor wafer on which
the liquid resin composition is formed at thickness of 5045 um, is heated in a oven
controlled at 110+5°C for 30+5 minutes. After retrieving the semiconductor wafer
from the oven, 5 to 30 mg of the adhesive layer is sampled using a spatula before the
semiconductor wafer is cooled down and solidified. A weight loss curve is determined
20 by thermogravimetric analysis (TGA) by heating the sample from room temperature to
300°C at a rate of 10°C/min. The volatile content refers to the weight loss rate at
200°C in the weight loss curve. The weight loss rate is preferably 0.5 wt% or less, and
more preferably 0.1 wt% or less.
The adhesive layer formed should be tack free at room temperature. The
25  tackiness may lead to handling issue during laminating semiconductor wafer with the
adhesive layer on dicing sheet in <laminating process™, as well as pick-up failure of

semiconductor chip from dicing sheet in <dicing process>,
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acr{i eved by using a liquid resin conposition having a |ow viscosity. This is
in 5 contrast to die attach film which is necessary to provide a filmin a
desired thickness prior to die attach process. Wen the adhesive |ayer
formed after hepid ' LAl Nt A} unt of

R Metﬁ'kee fag%;f]fgrszfxgﬂ;&f itirued Eeg%et;ekﬁﬂﬁf‘o KWP

vol ati |l e conponents, ayer nay Dbe room tenperature,

the pi ck- UpickaRabhirioy TR |8 oPRAS madd frefBhkly <5 B1ekO" M ifdlRsd e 10
sem condugdtmor chip V\n&‘%yh i's '%%ﬁdegg’ﬁ) C rcri e‘sri,§ Ther e gée, "[F;S 'S pr‘s;'eferabl e

that the Adhasy WhidhPk Seanftbd B amemugggsyhear,mk tidtifereRS HhnwaEAPOSI ti on

onto the backside of sem conductor wa at t ness of 50 pm is to have
vol atile CaRLRBA helphtlandithé Biphé@AdwesthAifl Blégéﬂagti‘ﬁﬁ} £&aBle bohd fike t enper at ure
of 110C for 30 m nutes. The thickness of the liquid resin conposition
formed § S fKR#A&Ys R8st bo dckevedn- cont act thi ckness neter. The 15 vol atile
content is defined as follows. Specifically, a sem conductor wafer on which
t he |iqui d<I@sihiy €eb hnDdicing prédesed at thi ckness of 50+5 pm is heated in
a oven controlled at 110*5C for 30t5 mnutes. After retrieving the
sem conduct or VEfeasemiddndiatbhwatey &ith aBhdsive3IByeiforafedtibtheaditashed & 4 dichig | S
sanpl ed using a spatula before the sem conductor wafer is cool ed down and
sol i di fi edshed <j&niplating prosesssand it §icedintd ifidvadhal SerbiyondiRtorebips withet r i c
anal ysis (TGA) by heating the sanple fromroomtenperature to 300C at a
rate of 104dhegive layéreatiachedkticingauosesst, A einnérciatly absilable djbing Ishees magbe at
200C in the weight | oss curve. The weight loss rate is preferably 0.5 wt % or
| ess, Bnd usedr eThw ditinpahdey isatthchdddnd fixed scsa wifee riagh e The sehiaymducfoor red shoul d
be tack free at roomtenperature. The 25 tackiness nay | ead to handling
i ssue dur i wafet Brliced tinto dndividual sevtironductovachips with the talihesivedayes ivsiag ldiopeg  on
di cing sheet in <lam nating process>, as well as pick-up failure of
sem conductawrmadhine. f 'Whenthe fAatessandtsmonthndiscif the gihosive kryer it podt eir adlesi ve
| ayer fornmed on sem conductor wafer is preferably to have

be trapped in between the adhesive layer and the dicing sheet. In this case, a chipping

phenomenon (i.e., the edge of the semiconductor chip chipped-off), a chip erack

15  phenomenon (i.e., cracks found at the edge of the semiconductor chip), a chip fly
phenomenon (i.¢., the semiconductor chip dropped-off from the dicing sheet during -
dicing), and the like may occur, which affect the production yield of the semiconductor
chips with adhesive layer attached.
<Method of producing semiconductor devices>

20 The diced semiconductor chips with adhesive layer, which attached to dicing
sheet, are then placed onto a die bonder to perform pick and place process. The
semiconductor chips are then picked up from the dicing sheet <pick-up process> and
bonded onto carrier with heat and pressure <bonding process>, The semiconductor chip
with the adhesive layer attached must be removed from the dicing sheet at the interface

25 between the adhesive layer of semiconductor chip and the dicing sheet during pickup.
If the adhesive layer is tacky at room temperature, the semiconductor chip may fail to be

picked up, or the semiconductor chip may be displaced during pickup and may not
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thfckness accuracy of t5 mor less, nore preferably 3 mor |ess. The
t hi ckness accuracy, which is neasured by a | aser roughness neter, neans the
di fference between the nmean hei ght and the hi ghest/| owest point. Beyond 5

and” i ci g r ol Bsoindel BEATRRA AMBE ARSI G P KR pen BT RpEh LR 072"
i vt dual SigeRek ik Slbible,? IO GThE AL ABHICETRE R B el ) M ©

process>. Wi ally avail able dicing sheet may be ]| o used. The dicing
sheet is atlache nd fixed to a wafer ring. The sem conductor wafer is

di ced into indi : gm,,ﬁﬁﬂ : ' Lk R SGERI ¥ si ng
dicing saw nac |ﬂée£ll“\:/rs\hen t e%gﬁgﬂhgﬁﬁ%hoo%hﬁgss of iw%éfl}aglm(s':f(:ﬁltegs‘,tiﬂve | ayer
IS poorg aj i bR RS rﬁm?‘g Lo4Ricl BN Rdd Qi@ ci ng
sheet . SIn teipgag!gslgfengbghl ppldérllc(gl rmg{f\gﬁgqrr%érc\lon i’%??gétﬁlﬁeﬁeﬁgaééofdt he

sem Conducwengigagﬂggmé%@ﬁﬂeoaﬁa&oraﬁ DR CRfrif fefdR 1 B SR 38R cohdter CT acks

found at the e t he sem conductor chip), a chip fly phenonmenon (i.e.,

the sem copgybifed oh Fles RBREInVrfanid QIBSAE H thdMkes NTRE sé’tﬁ%’cbﬂﬁlect&i cing),

and the |like may occur, which affect the production yield of t

sem eonducgigh is oAdBS ati teip@dhe® b @ubPioe hilhePHAR the TrMakmperafifre.Pr PEEUCT NG

sem conduct or devices> 20 The di ced sem conductor chips wth adhesive |ayer,
whi ch at t apsRltefnBerdiued bthe StigRbndice chipds pRif@sisig 200" Vorthethivg kg der to
perform pi ck and pl ace process. The sem conductor chips are then picked up
fromtie dpeferghlyhesC ofibeldw, Ul theceidndwist chitoia Bofidedn @ highief i er Wi t h heat
and pressure <bondi ng process>. The sem conductor chip wth the adhesive

| ayer att atelrgeraonss}schere wanpige thayroeourt h&hellandngpliédowhencbonting theit er f ace 25

bet ween t he adhesive | ayer of sem conductor chip and the dicing sheet during
pi ckup. | f senfieoralibias thip differedepending okithetype obthe dirhpader egea lda@n-chip

sem conductor chip may fail to be picked up, or the sem conductor chip may
be di spl ac@dd@uisander gllomsihond fatcerafupmtnt20 N per semiconductor chip. The hond force

applied when bonding the semiconductor chip is normally about 3 to SN. The bond

15  force is preferably SN or below, more preferably 1 to 4 N, particularly when a thin
semiconductor chip or a semiconductor chip with low mechanical strength is used.

The bond time (i.e., the duration in which the semiconductor chip is being bonded onto
the carrier) is preferably 10 seconds or less, more preferably 3 seconds or less, more
preferably 1 second or less, from the viewpoint of productivity.

20 The adhesion strength (25°C) of the adhesive layer after bonding but before
curing at second temperature, is preferably 1 N or above. The adhesion strength
(25°C) of the adhesive layer after bonding but before curing at second temperature is
measured as follows.  Specifically, semiconductor chips (6x6 mm®) with adhesive
layer are picked up using die bonder.  The semiconductor chips are bonded on QFP

25  lead frame (package size: 14x20 mm, die pad size: 7.5%7.5 mm, copper frame with
silver plated die pad, thickness: 0,15 mm), at bond temperature of 165°C, bond foree of

1.0 N and bond time of & seconds (including ramp up time of 7 seconds to 165°C),
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15 subsequently be correctly positioned, or the adhesive |layer may partially
remain on the dicing sheet, for exanple. The dicing sheet is attached and
fixed on the wafer ring during pickup. The carrier, on which the

sem conductor chip with adhesive_layerﬁgccordin to 5 the present invention
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bonded on _ franme (package si ze: e pad size: 7.5x7.5
mm - coppethd sdheBoNstrdhgth (175°C) of the adhesive layer after second temperature curing is

preferably 30 N or above, more preferably 50 N or above, and still more preferably 100
15 Norabove. The adhesion strength (175°C) of the adhesive layer after second
temperature curing is measured as follows. Specifically, semiconductor chips (6x6
mm?) with the adhesive layer are picked up from dicing sheet using die bonder, The
semniconductor chips are bonded on QFP lead frame (package size: 14x20 mm, die pad
size: 7.5%7.5 mm, copper frame with silver plated die pad, thickness: 0.15mm), at bond
20  temperature of 165°C, bond force of 1.0 N, and bond time of 8 seconds (including ramp
up time of 7 seconds to 165°C). The adhesive layer is then cured at 175°C for 60
minutes, The adhesion strength of the adhesive layer after curing is then measured
using die shear tester (Dage 4000 series).
The wire bonded semiconductor chips are then encapsulated with molding
25 compound using transfer molding process. Molding compounds that prepared by
dispersing filler in epoxy resins are normally used. The molding compound, which

may be used, is not particularly limited. It is preferable to use molding compound,
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si | ver pl ated die pad, thickness: 0.15 nmm, at bond tenperature of 165C,
bond force of 1.0 N and bond tinme of g seconds (including ranp up tinme of 7
seconds to 165C). 16 The adhesion strength of the adhesive |ayer after
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preferably 100 i5r ngﬁg ove?ﬁTcﬁe at ﬁes_ﬁ/oon S¥Pkerg%t (175C g%‘ds% e ggjh_esi ve
| ayer aft §ised LA, HrIMBR] P HRodes, siller flatiRARHEARS, 08 tHelileid optiip@fy [ i cal Iy,
sem conductor chips (6x6 mm wth'the adhesive [ayer are picked up from

di ci ngjgshegkforfied'®d pbduck @R micobdBetoP &ide0 N AVkdnUrgArlié Ribs@ate idadasl on QFP

|l ead frame (package size: 14x20 nm die pad size] 7.5x7.5 nm copper frame
Wi th silvesarmidrad @ided ball Besthmieht SieORS,Sind Shelificadre opfiorally ferfbimieditper at ur e of
165C, bond force of 1.0 N, and bond tinme of S seconds (including ranp up
tinme of 7 medwadse demiddmdtgtor ddviceadhesi ve layer is then cured at 175C for 60
m nut es. The adhesion strength of the adhesive layer after curing is then
measured wusing die shear tester (page 4000 series).

EXAMPLES

15 Example 1
Diglycidyl bisphenol A synthesized by reaction between bisphenol A and

epichlorohydrin (epoxy equivalent: 180, liquid at room temperature, hereinafter referred
to as “bis A epoxy™) (epoxy resin (A)), cresyl glycidyl ether (epoxy equivalent; 185
hereinafier referred to as “CGE”) {(epoxy resin (A)), a phenol novolac (hydroxyl

20 equivalent: 104, softening point: 80 to 90°C, hereinafter referred to as “phenol B11”)
(compound (B1)), 3,3°,5,5 -tetramethylbiphenol (manufactured by Honshu Chemical
Industry Co., Ltd., hereinafter referred to as “phenol B2”") (compound (B2)),
2-phenyl-4,5-dihydroxymethylimidazole (manufactured by Shikolku Chemicals
Corporation, hereinafier referred to as “2PHZ”) (reaction catalyst),

25  diazabicycloundecene (reaction catalyst), dicyandiamide (reaction catalyst), and a flake
silver powder (particle diameter: 1 to 30 um, average particle diameter: 3 um,

hereinafter referred to as “silver powder”) (filler) were mixed in a ratio shown in Table
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The wire bonded semi conduct or chips are then encapsulated with nolding 25
conpound usi ng transfer nol ding process. Ml ding conpounds that prepared by
di spersing filler in epoxy resins are normally used. The nol di ng conpound,
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Lﬁi{)ib%ﬁcqﬁrﬂ?ﬁé‘f*’ o e HBE S ST Suring 15 optional Ly performed. Vhen | ead
frame is A8 mfefogi €, trimand form process, solder plating process,

and the like are optlonal I y i0 perfornmed to produce the sem conduct or

devi ce. W@g Eﬂf\pr o t achment
process, and the |E§§%§Bfg tﬁ%ﬁl‘?@&gﬁﬁ? %5@:&‘ pro%ce t he st,:edriﬁhconductor
devi ce. EW/E%E Blf.&g(qg y
reaction bet eﬁslgéspheno l"e"’k#&‘l‘e’g%ﬁr &Pﬁgrl n Fe?g%imegﬁ%a eﬂlnd't3 180,

liquid at eagdhd @ture, hereinafter referred to as "his A epoxy")
(epoxy resin (A)), cresyl glycidyl ether (epoxy equivalent: 185 hereinafter
referrgd t€rhadnedsdt ahdsiexpers €SI N ThetlickdsPHORUIhBAVOIager dbtal I 20

equi val ent: 104, softening point: 80 to 90C, hereinafter referred to as

"phenol B Hedting a setiosaiasie walr) b whichhe liglid rbeh campsdiisrDwR \iplikd, ata

( manuf actured y Honshu Chem cal Industry Co., Ltd., hereinafter referred
to as " phefirel teidgéthtuec A0 30 Bihtes) was mcasured The thickness of the adhesive

layer was calculated from the difference between the thickness of the semiconductor

wafer before applying the liquid resin composition and the thickness of the

15  semiconductor wafer plus the thickness of the liquid resin compasition after heating the
semiconductor wafer.
<Volatile content and appearance>  The liquid resin composition was applied onto a
semiconductor wafer.  After heating the semiconductor wafer at 110°C for 30 minutes,
part of the adhesive layer was immediately collected using a spatula to obtain a volatile

20  content measurement sample. The volatile content refers to a weight loss ratio
measured by thermogravimetric analysis (TGA) when heating the sample (weight: 10
mg) from room temperature to 200°C at a heating rate of 10°C/min.  The sample was
collected immediately after heating because the adhesive layer may solidify when
cooled down to room temperature. The appearance of the adhesive layer was also

25  observed visually. The appearance was evaluated by based on the number of pinholes,
voids, and foreign objects. The appearance of the adhesive layer without pinholes,

voids, and foreign objects was considered “Good”.
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2- f)henyl -4, 5-di hydr oxynet hyl i m dazol e (manufactured by Shi koku Chem cal s
Corporation, hereinafter referred to as "2PHZ") (reaction catalyst), 25
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™ SR R A ol o TR o
] [ i 0. ' T 8,L ., T i . i

T o ARG B B AR RUTE OB e
SO R AR e OB B RN TR,
of e 11 A E GRTRPFHELP0 LRI UEHERLES, T oG\l 1 10
COTPOS! 41 OB ARG Bl 2 el A ) I BRI i scoreter

<Thi cknessmq,f1 ogg#'gz% Orérpv\glggrgt}‘}?%pwagE&?s%gerﬁ“@&gadhesi ve | ayer obtained by

hea]ti ng a SEHF qui d resin conposition Wﬁ.s

. ! | 1 1 % W T
s SRR ok M i R PSS 1o,
composi 1 ofeReEn 3 iR ARREMER g RIS, EHE Shfedobah Olod Wece ol 7! T

| ckness 6 ol GUAdARER SO PASY AR okl o UL o
appl | edo Oniyindirve BSOS Y6 WickHs@10.1 Sl ahBR lehetliroa TESRNEUS O wal er

at 110C for 30 mnutes, "part of the adhesive layéer was | medi ately

col l ect ed ppkd\&F 180 Nt bbAd tifhe@PRakELAs GRLIABink ardH up BideT!7 SBRRAY ke MENt
sanple. The volatile content refers to a weight Toss ratio

165°C). The adhesion strength of the bonded sample prior to second temperature

curing was measured at 25°C,  The adhesive layer was then cured at 175°C for 60
minutes, The adhesion strength of the cured sample was then measured at 175°C using

15  die shear tester (Dage 4000 series). The adhesion strength, of the cured sample
measured at 175°C, of 30 N or above was considered “Good”.
<Moisture sensitivity level test> The liquid resin composition was applied onto the
backside of a dummy semiconductor wafer (“Phase 8 manufactured by Hitachi ULSI
Systems, Co., Ltd.), where the circuit surface is protected with polyimide resin

20 (“CRC-8800" manufactured by Sumitomo Bakelite Co., Ltd.) with 50 um thickness.
After heating the wafer at 110°C for 30 minutes, the wafer was diced into
semiconductor chips (6x6 mm?) with adhesive layer. The semiconductor chips were
bonded on QFP lead frame (package size! 14x20 mm, die pad size: 7.5%7.5 mm, copper

- frame with silver plated die pad, thickness: 0.15 mmy), at bond temperature of 165°C,

25  bond force of 1.0 N and bond time of 8 seconds (including ramp up time of 7 seconds to

165°C).  The adhesive layer was cured at 175°C for 60 minutes. The resulting

product was molded with molding compound (“EME-G700” manufactured by
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measur ed by thernogravinetric analysis (TGA) when heating the sanple
(weight: 10 ng) fromroomtenperature to 200C at a heating rate of 10C/ m n.
The sanple was collected i Mmediately after heating because the adhesive
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| ayer wer ex &‘pked up from di ci ng sheet using die bonder. The sem conduct or
chi ps were %onded on QFP lead franme (package size: 14x20 mm die pad size:
7,5X7.5 mMeysRfBestd§ame 10 withsilver plated die pad, thickness: 0.15 mm,
at bond tenperature of 165C, bond force of 1.0 N and bond tine of 8 seconds

(incl udi ng ranpPTHOliduidPesRH cofn Jﬁﬂﬁi@ﬂ@'ﬁre fedrodfefin thi ImeHaRAeQR IS ExAAgleh Of the
bonded sanpl e prlor to second tenperature curt was neasured at 25 The

adhesi ye | pusitg WRcopeRemts St TAER T, AT evalliatddl i Yheeime MghrRe e on strength
of the cured sanple was then nmeasured at 175C using 15 die shear tester
(page 4000Esgenpled). The adhesion strength of the cured sanple neasured at
175C, of 30 N or above was considered "Good". <Misture sensitivity |evel
t est> The ImwlﬁE:&mpieEmplmsoltarﬂkylwaanm 6¢&690rmhahufd&ﬂ:red)hysﬁmﬁem0f a dummy
sem conduct or wafer ("Phase 8" manufactured by Hitachi ULSI

Bakelite Co., Ltd., hydroxyl equivalent: 180, hereinafter referred to as “phenol B12”)

was used as the compound (B1).
15 Comparative Examples 1 and 2
The liquid resin compositions were produced in the same manner as in Example
] using the components shown in Table 1, and evaluated in the same manner as in

Example 1.
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possible in light of the above teachings. It is therefore to be understood
that, within the scope of the appended clains, the invention nay be
practiced otherwi se than as specifically described herein. 5 23 Wat is
cl ai nred isgﬂ%}%& . L&]%Ld resin conposition conprising (A an epoxy resin
conponent Iﬁ}maLl curing agent conponent, where the epoxy resin conponent
(A) being liquid at room5 tenperature, and the curing agent conponent (B)
including (B 1) a conpound which has phenolic hydroxyl group(s) and is

di ssol vabl gyin G L e ] i ch has
phenol i c h;@ar oxépﬁgrﬁgﬁ%@?ﬁgﬁﬁ“ﬁg%%@?ﬂp gy fe(ﬁ%g?p °§g’§@“?§%w
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hi gher § ha Ny (gm.gf I ' ,-rlégemt '
terrperagt ur%.rﬁﬂ(a%nhbfh%hldiiﬁui g?ggl?tﬁmgg%ggi(???rﬁﬂgc or&?gga?ga‘(%d)ﬁ%l%h?%,
wherein bo ifi QRPN nor e
phenol i c h@%ﬁ“@gg}lﬂg}%’g%ﬁ%ﬁ?ﬁéh %D%é%dglﬁelﬁ 15 (Z}? régﬁg%ondﬁ gdg%gt tb}ﬁ{dvvaf er or a
sem conduc ' | | : t ' : er is
pre-applie ar?d P%?irﬁr%%ag%?gg? ﬁlgei gg%hg%}g%c%r%\éﬁ%%ﬁgrﬁg?ﬁﬁﬁgwaﬁrlnﬁ ?gnduct or
chip by usgﬁ&ng@nbélﬂﬁgdgnfﬁéi n conposition according to any one of (1) to
(3), followed by heating the sem conductor wafer or the sem conductor chip
at the firgly teROROAE sk cofthosRtibnAcsding 96 (lYCivRIch ¢4WaBk Heé Bt eBmadhesi ve
| ayer produced by dicing the  sem conductor wafer wth an adhesive | ayer
accordigg tegnplefhture (Huk tadky enfePerdtine of eqlalioch HgheP fias ithofifshemiRfinganduct or
chip with an adhesive

after being heated at a first temperature.

(3)  The liquid resin composition according to (1) or (2), wherein both the compound
(B1) and the compound (B2) have two or more phenolic hydroxyl groups in the
molecule.

15 (4}  Asemiconductor wafer or a semiconductor chip with an adhesive layer, where
the adhesive Jayer is pre-applied and formed onto the semiconductor wafer or the
semiconductor chip by using the liquid resin composition according to any one of (1) to
(3), followed by heating the semiconductor wafer or the semiconductor chip at the first
temperature.

20 (5 A semiconductor chip with an adhesive layer produced by dicing the
semiconductor wafer with an adhesive layer according to (4).

(6)  Asemiconductor device comprising the semiconductor chip with an adhesive
layer according to (4) or (5) and a carrier, where the semiconductor chip is bonded.
(7)  Amethod of producing a semiconductor wafer with an adhesive layer, by

25  applying the liquid resin composition, according to any one of (1) to (3), to one side of a

semiconductor wafer; a method of forming an adhesive )ayer, by heating at a first

temperature, which is tack free at room temperature but tacky at terperature of equal to
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Iayer according to (4) or (5 and a carrier, where the sem conductor chip is
bonded. (7) A nethod of producing a sem conductor wafer wth an adhesive
| ayer, by 25 applying the liquid resin conmposition, according to any one of
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5(8) Ane produci ng a“sem conduct evi ce, by bonding the

sem congiucgar Althdthyd égrhﬂkf‘ciﬁé’i‘ﬁﬁi}é@ndu@%? Hevied 69 bdhditlg ik deficorldBctor’ 1 €

w th heat pressure. 2
chip with the adhesive layer, according to (7), to carrier with heat & pressure.
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