LI QUI D RESIN COVPCSI TI ON, SEM CONDUCTOR CHI P W TH AN ADHESI VE LAYER,
METHOD OF PRODUCI NG SUCH MATERI ALS, AND SEM CONDUCTOR DEVI CES
5BACKGROUND OF THE I NVENTI ON Field of the Invention The present
invention relates to a liquid resin conposition, a sem conductor chip
with an adhesive |ayer, a nethod of producing such materials, and
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strong driving force towardsgmaraNmir@rdr oRVAORS f uncti on enhancenent
on sem conductor devices. 15 Sem conductor devices functions could be
enhanced, by making either nultiple applications of different
functions or multiple applications of sanme functions in a single

sem conguct or chi p. The WSATKGROUNDWOFIHEINENEGN onduct or devi ces,
on the other hand, could be reduced by targeting at sem conductor
devi ces t hdtieldwfthe writiomnduct or chi ps of al nbst equal in size. This,
therefore, will normally |eads to reductjon in 20 sem conductor chips
t hi ckness, as wdh¢ prasent %aeruionmme%towém@ernsm pempasit os.ohekms eandueipr ghip
and wire-bond pads on _carrier_ such as netal or organjc substrate.
Wth conti rfaBuzp adbesivedaysn aimethadplp £ Sich apatesialsh andssmicondyrior: he

di stance between sem conductor chip and wire bond pads on substrate,
process i nfd"6%¥s di spensing of liquid resin conponent at room

terrperafour%)efs r*pi@%@fgk.%%%}t: ng at 25 el evated tenperature nay worsen

cont am nat i"oh ncl ude overflow of liquid resin conmponent

during die atta%ﬂn@?ﬁ%g&ﬁ%ﬁé &e%iéemcﬁfgsn @%ﬁ@ﬁ% ShoraHipRal 0"

W re-bond pads, as we creep p epl ng resin

conponent  @sifin® (PISAY, é@ww&e&w&abmvegi heve b¥enGéthdkhbly enliai6ed in

sem conductor chips top surfaces) o tackle those issues, a

met hod i n \firctibnsaand reiueddin Gbthfvidight ard §ize- A3l resuit, Dere@ay shiodp drivingt ead

of through liquid dispensing, where a sem conductor chip is then

' bonded wi t Horhewvards miniahicidation and funition ahihancemerton sémicondustoy deviegspl i ed
on the backsi de of a sem conductor_ wafer, which is then attached to a
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sem conduct or devices, both the 'semi conductor chip and the carrier
thi ckness hkanieoddactoechigsdtickgkss, Whel] asthe gistzhtd bepwdehitlpy senfndeadarchips or
devi ces may suffer warpage due to the difference in coefficient of

t her mal expodwirehomwf pathen 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 créep phenomenon (creeping of resin component of die



15 conponents in it. As low dielectric constant insulating filmwth
| ow mechani cal strength is used as interlayer dielectric material, to
i ncrease devi ce operation speed by reducing the transm ssion del ay
due to decrease in signal transm ssion rate that caused by an
inter-wire parasitic capacitance, |arge sem conductor device warpage

may |ead to d e.of, the.insulati film G of
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hi gh anount of | ow nol ecul ar - wei gﬁt conponents are required in the

l'i quid resiwitlCleapesietiodin whitha disdttacifilveis@re-agptiedion the bixksid® ofalhesi ve
| ayer to exhibit tackiness at roomtenperature. Die attach film
that is s ackyicatductnomafeswiteleis tree atieched tocaditiog ghieetand dickd inteindividual
sem conductor chip fromdicing sheet. Tacky die attach filmmy also
| ead to pi ckemispnductor Fhips whiregbaiteodengdustonchiptis phen bontted with beategto  wher e
the sem conductor chip is tenporarjly placed after being picked up
from di ci ngagi¢send a dsmwhggnfgzwﬂucwpmfﬂwm@mw aat%elaﬁaﬂhﬁlm

JP- A- 2000- 252303, . for exampl e).. Materijal.s,. which are tack .free at
room t enper’4¥igg ,°1q_5<'§{}[%°t ﬁ'@@nﬁ" ﬂ'll*\)/giﬁ o l@*&%ﬁﬁ%&caﬂuﬁﬁf éﬁ?se edhg o

35 A 2001 oyerbRidhERRANRR LR i pis el Ge O c00 0y 7T

i nvent i QNs, paa bhiA j b i lied onto a
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heated so that tfctdaldhelmiRSdr8f sﬁﬁmhétbzcahiﬂs%tabﬁghaicfmda& redG&M

tenperature, and the sem conductor wafer is then diced 10 into

i ndi vi dual teiekAessufderaicanduetor fevice tadetht Benisaituaondiicindrthedirtierl S
encapsul ated and sol dered at the sanme tinme in the subsequent process,
it is necedbiskngsslavdtorie reduged e Whanctingttiin cadnier seicondnaopdavicesimay of
equal to or higher than the nelting point of the solder. As
descri bed #BBacvamage dumiesheditferggesiin consicient abthemnal exmansienefthet or chip
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carrier at enperature; a’sem conduct or an adhesi ve
l'ayer for mag ab sritdGvitd Wardsititbaphclt@ftl, Tage IS bldueay d@icwabpage fay lead to
produci ng such a material; and a highly reliable sem conductor device
formed usi dgmhgeafsethadady@tror chip with the adhesive | ayer, 25The
above objectives are achieved as below. (1)A liquid resin conposition
conpri sidng (A) SincepapggerafsemicomivpondevicedndnetBYhealifference 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 [ow glass transition termperature or high amount of low-molecular-weight
components are required in the liguid 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



curing agent conponent, where the epoxy resin conponent (A) being
liquid at room tenperature, and the curing agent conponent (B)

i ncluding (B1) a conpound which has phenolic hydroxyl group(s) and is
di ssolvabl e in the epoxy resin conmponent (A), and (82) a conpound

whi ch hasphenol i ¢ hydroxyl group(s) and is not dissolvable in the

epoxy resi 3@@{@3&@%@1‘@% ol S0 HE sthdbhthe R RiBRIROR chipQl

accordi ng C ree roomtenperature, “but tacky
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after being Heated at a first tenperature. 3) The liquid resin

conposi ti onp2cy-00 T angP{AL2000C252303, fofeRigpls), bot h t he conpound (BI)
and the conpound 032) have two or nore phenolic hydroxyl groups in

the 10 nol ecul eMatetidls, whistesre cxek dee hianomadmyeravre shave heepgonposedes chi p
wi th an adhesive | ayer, where the adhesive |ayer is pre-applied and
fornmed &nt entapmlatingiatandlsfomwvatoretes cﬁp-smea@@wdmdﬂe&-aﬁoocﬁ?@%y

using the liquid resin cogosition acconling to any one of (1) to

(3), fol | ovReh-BAP1HRIA40, and THrA-20032L 20 dor evampiler or the semi conduct or

chip at the first 1%, tenperature, (5) A sem conductor chip with an
adhesi ve | ayer PrtBersdyangRpsh 1 e%*ﬁé"@%?ﬁt@émgﬁff ORfR, P AFTURPHIHCIOR
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(7)A metho produci ng a Sem co or warer w an esive

layer, gy @g&kwﬁ&aﬁ Jlﬁxiéohﬂﬁ&(? chB§! nsiﬁ&rm@fénii&daaua&%gﬁghmﬁm@my one

of (1) to (3), to one side of a sem conductor wafer; ‘a method of
form ng an sadivederadat thakanhe Y ihBakibignRst pRodeks; Bis dedgpfkad bamd thvhi ch
is tack free at roomtenperature but tacky at tenperature of equal to
or hi gher témiooddectof dhifsdt atternpesatans wf equakitorae hipgher thin the meltingzipoint bitthe
sem conductor wafer 25 with the adhesive layer to a dicing sheet; a
met hod of peldetuci ng the semiconductor chip with the adhesive |ayer,
by dicing The sem conductor wafer wth theﬂgghesi ve |l ayer into

i ndi vi dual seni 8&frscraledabeys; asadipsive leyes they I%eswa*y@vgmm(é)iwm hod
f i i tor device,. di ng th i conduct:
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& pressure {@g{e@rdi ng to the present invention, a liquid resin
conposi ti oﬁr apabl e of produci ng an adhesive |ayer, which is tack
free at roomtenperature, that enables a 5 sem conductor chip to be
bonded to a carrier at |ow tenperature; a sem conductor chip with an
adhesi ve Myer fornmed usi ng SUMMARYXOH ; ition; a nethod of
produci ng such a material; and highly reliable sem conductor device
formed using t hEhegeesentdnvbntidivis tepropides liguit hesirocbingmiition tapyble of an be
rovi ded.

P 20  producing an adhesive layer, which is tack fiee at room temperature, that enables a

semiconductor chip to be bonded ta 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 component, where the epoxy resin component (A) being liquid at room



10DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS The
present invention provides a liquid resin conposition conprising (A
an epoxy resin conponent and (B) a curing agent conponent where the
epoxy resin conponent (A) being liquid at roomtenperature, and the
curing agent conponent (E), 15 which includes (Bl), a conpound which
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| ayer, whi i Bhest

sem conduc'?ggrya?ﬁl Bﬁ?%@%@%ﬂ%ﬁ to%g(grgﬁlgdﬁg@ Iﬂ%dv}/gggﬁf{]gnperg?l u?g; a
sem conduc@ggxyqbgilpcmﬁdﬂmﬁmAﬁdhesi ve |l ayer formed using the liquid
resin conposition; a nmethod of producing such a material; and a

hi ghly el bl eTheliquidresineb@posihion sceording toe(d), wdiichgs tack fiseairoemduct or
chip with the adhesive | ayer. The epoxy resin conponent (A
accor di ng tamgeraturprbattacky atnenaperitun of efuelte ot bigherdhan thefishismperstird.n t he
liquid resin conposition. Wen only single type of epoxy 25 resin is
used in theftitribginehestedstp frdigropdrathién, t he epoxy resin conponent (A)
refers to the single_ type of epoxy resin., Wien_ twQ or nore types of
epoxy resi f ar ieﬁ-“tcﬁ@PPﬁlQﬂEiaﬂ"qf@gﬁFP@bﬁﬁf&éﬂwb‘{m@eéﬁﬁﬂ?ﬁm
resin conp nt . (A refers a mxture of the t or nore, types of
epoxy 1o RBD i ielepfoaTan by faciriite Bl byt Frantt sty
terrperaltourgmlegagci fically, when only single type of epoxy resin is
used as the epoxy resin conponent (A), the single type of epoxy resin

is 1iquid gy rogmdRARRERE Wafkr o@&dﬁ&ﬁ&x&dﬁ‘&hﬁ%ﬂ%ﬁd&é@&%f&, vARPXY

resins are used as the epoxy resin conmponent (A), the 5 mXxture of

the two or iEndBesivéper RipreRdlKd ieiXomsed obid thel sindedtdnétoORaibpdrig at ur e.
Therefore, when two or nore types of epoxy resins are used as the
epoxy resi sensioondoctenthiy By nsidgthe Bquid sesinesmpogtdormneding té\lnynme ofél ) to

ei ther a conbination of epoxy resins which are |liquid at room

t enper at ur ), folowedlsnisrting the femitondiejor wafemat theoiemipoadustar chipat the fiast
roomtenperature, which gives liquid m xture at room tenperature.
Waen t d¥t wWEETRAE%e epoxy resins types of are used in the epoxy resin
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in the epoxy resin conponent Iquid at room tenperature.

The epoxy I:9&idiciidiag td (ag bH(@) eRXshrie Silitrche Baniestiduétéy chipisdoidaapound
havi ng gl ycidyl group(s). It is preferable that the epoxy resin used
in thez2epof® resnrthodupproduting #cabiamdtomr veafernmitteancidhesiviblhyegbyups i n
the nol ecule for high reactivity. Since the liquid resin conposition
accor di ng &rplyirgthp Hawid nesin eompesition apesrdingtd ahy pnoef (3 119i(3)b froenetsigie of a

applications,, it is preferable that the epoxy,resin contains small
amount of PEEHFRRARGIRR WAt 8 .68105 Of?’%%fﬂﬁﬁgllﬂs@)éﬂﬁi’ﬁﬁ %&heaé*asﬁsﬂ B5in with
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individual semiconductor chips with the adhesive layer.



gl ycidyl ether conmpound with al kylene oxide in the nolecule, which is
liquid at roomtenperature, and the |ike. Exanples of the epoxy
resins which are used in the epoxy resin conponent (A and are solid
at roomtenperature include, but are not limted to, a phenol novol ac
epoxy resin, a cresol novol ac epoxy resin, a phenol aralkyl epoxy
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resin, oxy Tesin eny ne, "an epoxy resin wth a
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napht hal enepipahaROadhe RS fhryuc&&dﬁgedﬁ«]fvbzrt@eﬁﬂ&mmi L

t he present Tnvention, nono-functional "epoxy conmpound which is |iqu
at room tenper ahUéo@diﬁEtﬂgh%pﬁMﬂMbcrﬂibﬂ,Cd Iiald Réih esmpaistionrcapable «Fl yci dyl
ether) may al so be 10 used in the epoxy resin conponent (A). The
mono- f unct pmdatingawadhes enipgasnwhivihis edek ifise ki rqoinderaperatopnthhtenpidesat ure i s
suitably used to dilute the epoxy resin which is solid at room

t enrper afur eerhicendactor ¢hip t beibwndeddo atamiamtiavespypematung; @ semiconductpp ehip
curing agent conponent (a) according to the present invention is a
curing agemtithip pdiesive igyesdormpedyising sin campositins; & methag obigent
conponent (B), i.ncludes 15, t he, coppoynd (81 i ch has phenol | c

Py ar oyl PSS suiha sl 854 il raiabls sElcontisia APass AEA SR bR

(A, and the .co und-. (8 whi,ch. has phenol i c.hydroxyl group(s) and
is not di sémﬁﬁﬁ oF %H’@@ﬁ S’rvgzaryﬁ‘p%r}?ﬁ(?ﬁ%’h e\é( A) . Specifically,
the curing agent conponent (B) conprises both the conpound (Bl) and

t he conpound (82). 20The conpound (B) is considered as dissolvable in
the epqygy resin gﬁgﬂf ?ﬁ@y AERNRVRSTTIEN) PREFEAREPAr ent
nixturgéis obse?&g wnt%h§ﬁéh?gP owﬁﬁg m X1 ng gﬁggggggE?he m Xi ng
process involves charging 90g of EMBORNEBNTSesi n conponent (A) and

| O of the conpound (B) into 300cc separable flask, which is then
heated in an oi Theymedent iffvention provides d iqfidresisepapadiiion dothpsiking (A)si r r ed
and heated at 145 to 155C. After 25 being stirred for 30m nutes at
145 to 155epoxyissimtontponent e (B) auudrmigent cdmpnnenh wherethe epaxpresiiy hour s
at room tenperature. The cqnpound (B) is, otherw se, considered as

not di ssol GepPaRent{A) heingligud atraam fempsrabsnend tiegprng agent compentnt (8),
(32)). vy Th 0 ni n oi nt..ar the | i oi nt _of .the,,
Compburi (Pieh BT st i et Fheia BB o Bt un
(El') inclu ' I ' b} sgheng Eﬁ] .
derivativeg§¥ﬁ%§§g§?8§$@§#%%5gﬁngﬁﬁggﬁggkggsg%%c.‘ﬁﬁng p egéﬁm?%.g.,
phenol  nov ghaaeliOkyded: t&Cnot Bissol¥ableds kie\epbi ' t (A)

f or mal dehy%, a@ﬁan cﬁgg‘h‘éﬂgj\éﬁt gsfanoéd s?nl/%rﬁeacﬁér@ gylgﬁgﬂr?gélﬂp?rmi(tg the
deri vati veliyid fesiienmpbsiediydpabl@ofipieduting an adlieyive Myer) ohichéstadk fred at

bi phenyl aral kyl phenol resin, a conpound having a napht hal ene, a
conpound whicniieinpsratare, that duableemsermomhducter ohip tobe dorded o barerkaty/dwox y |
groups (including a hydroxyl group directly bonded to an aronatic
ring s@éh temperatvagiatsemnichdieioxr ghip yuthap pdliesive laemformed using theliquidwesini ke.
The conpound (32) is normally a 10 highly crystalline conpound havi ng
a mel ting pRIBesitienApethedofmerucing such o Taatény; 4nd @ highbywsligkle (32) i ncl ude
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adhesi ve | I'S free at ‘roomtenperat tacky at
Tenper a§ ur gsigfis QYA the Bl redindBRD4IHGH) tHeRBoxly V:&ﬁh cRpRRATAY fefers Rfther

being heated at the first tenperature. When using only the
conpound ( §Agle typbef Ry rdsinnWhasl asér\ork ey of spoiP@ling sre@sellin the
tenperature of equal to or higher than the first tenperature after
bei ng heat BghiditesihRompesition; the epexypeshmsommaentifahrefias tog: mixkure bfitke two
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invention is heated at the first tenperature, the epoxy resin
conponent (A) and the 25 conpound (El) react entirely or partially so
that the nol ecular weight of the liquid resin conposition increases,
Since the curing reaction is partially conpleted, the liquid resin
conposition after. being heated at the first tenperature is tack free

at room tenperature, but tacky_ at tenperature of egyal,to or higher
than the formare b@ﬂ%@ﬁﬁ?ﬂfésmSuﬁ[@éﬁmfF% carpRoRent 449 gg‘q&‘@ 8T econd
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phenol i£ hyehx ¥ thO AR SndrD tpBEofBRb R 1eki8s §s Sighia 2 rdoifBmB&ake?0 Of the
conpound (131), a product obtained by heating the adhesive | ayer nmay
not be tackhereftreugiitnaivo bhofeagpes @ biXp edsis ufetused Marthe epgowdsth (B1) and
the 10 conpound (82) are preferably used in a weight ratio of 1:5 to
5:1, and nmngopent (A, thslepoxdy rdsitt cordpdhent (A) may B eitier a sombiaatjparcd epoxy
refers to a tenperature at which the liquid resin conposition in the
form of adhsiss wkich arg diquidat reom ieviptratutee ocxaenthirekion pEliquid andsolid epoxy
tenperature, but tacky at the tenperature of equal to or higher than

the first TeEnpRFemytemberaBire pebiah gives Ligaidguxttie At coomsleppembra b Wh®0 t o
200C, re preferably 80 to 150C, and.npre preferably 1 t 20C.
The sellondban porseRaiesios Bps cle, B0 inibs oy g aprbrtUhh BBl o
| ayer is ¢ . [l i at ed
" the 11 oY EAREER pBIH be Brobifeh 15 YREMEHE ric AR P BB
first te J ef ‘

bel ow. ZSIntﬁ?‘i%s pre%%irpgebi e E%@@qﬁl #‘215% cgﬁn%‘%?ﬁs??‘%ﬂ&a%ordi ng
to the pressnrekin¢emporat (4) ¢ lifhebataodrs teipk@fureaised ihthe fr@entingénfich dy |
group and a phenolic hydroxyl group. A conpound known as a reaction
cat al yst fmeanathglmietuekydf atl bbthp epard rasipheedinithe dpody eesin cogtpongmt (veys be
used without specific Iimtations, Exanples of such a catal yst

i ncl ude pHuwjsies rasstenperatyst s such as salts of triphenyl phosphine

and tetraphenyl 25 phosphine, and nitrogen catalysts such as |
di azabi cycl ound @B eRRXy reHnNss B} Bin FRAXY TNRROMPCRt (b} s ¢ sempand haviag

ol g paviesd el I EEre Bou P Ry el Sl ot
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reaction agj é’!icfuhﬁ i SR t ad i ature
respecti v?li?/é.a%l'he [ m%%?%?’%ﬂ cat 3&%%%@g&£@g%@%§%§ ilitgégggdi&'nt

pref erabl yeRasnductie hpliagtidae) s pRiferdble hadthe BftRY fesif2oniaRs2Enal hmdiifh

i m dazol e catalysts include 5 an addition product of

2- met hyl i rof thmiroipuritied, B isgtefetabirthatan 6poxiy mastit withh agonesic glycidyl ether

2- phenyl - 4- net hyl - hydr oxynet hyl i m dazol e, and

2- pheny 1- £r®ip(s) iasedioyachievehizh reattivity ovhen a compoumH awithi phenadic hpdroxyl
conposition according to the present invention may include fillet
Exanpl es d&FouPkdisyseq gsrhardepe yde, metal powders such as silver powder,
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pol yureth
epoxidized aminaphenol compounds, which is liquid at room temperature, an aromatic




powder, polysiloxane powder, and pol ysil sesqui oxane powder. Either to
prevent 15 clogging in a. nozzle while applying the liquid resin
conposi tion using dispense nozzle, or to ensure an even and snooth
printed surface while printing the liquid resin conmposition using
squeegee or bl ade, the average filler size is preferably 15 iun or

Che. manborEiEHos aPepopmPE WER IR s e poecale, AR LRy 55 €1

he fill hr ouah. a i i - L z@. af '
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avai |l abl e for electroni'c materials, a redtced silver powder, " an

atom zed s Hipiehylnesks regmﬁvrtdsiﬁ, helicydfpbritkitene afoxyaedn, w@ Bpoxyresimwithage
filler size 1s preferably 1 to IS pm Average filler size of |ess
than 1 gmtviphednylreddne an Epogh rasirswitisa taphtialing an epgxycesiis with b nhthtagene,
Average filler size of above 15 pmnmay | ead to clogged nozzle while
di spensi ngmdtht likmeven printed surface in printing application_ It is
preferable that silver powder for sem conductor application is used,

as silver powdé&s the presep tventionamone-Gmetional epayy ewnpasnd whichds iavidatount
o Tl bl o e
Tl ol o el e Ry SR CRBEaH o b4 ot -Re SR GPaSy Semasig BBigh o of
silver 91 efiahfatold MindRRl %@H%ﬁfﬁeh?@&lﬁﬂg?f%%swm%is' SudRove

95 wt % of ‘sifver W M VI'SCOSI e conposition that
makes pl’Oqgﬁtﬁﬂe{aﬁyf&g%ﬁdmﬂt&éﬁ%&nfelﬁ-@bﬁnﬁgﬁpOSI tion according to

the present invention may further 10 include a coupling agent.

Exanpl es of t h@he autidigiapét 3GBFEnchI(B) HetBrdidith @i fReseminventibi B cufing
epoxysi |l ane coupling agents such as 3-glyci doxypropyllri net oxysi | ane
and 3- gl y eipein farthaogpeky resintcomppment GX)e, The awing iapenhcompomphti (BY inalydext s
such as vinyltriznetoxysilane and vinyltriethoxysil ane,

( et h) kcr yhesopponnd (B 10 whish hagphegeliethydeuphgroup(s) and is dissolvable in the

3- et hacryl oxypr.opyltrirne hOXﬁ;ilane,

3- et hacr Y¥PERHABHB RMRuEw(Adepd the spmpound (RA}which has phenolic hydroxy!

3-acryl oxypro | .ri et hoxysi,l an arni nosi | ane ling. nts such
2N phon St iad Bt Rh e B e s rieomaent CAY | SPABEAT) e

3-am nopr . eLhaxysi I, i i nts
cuch ao s Rl AecELARNRY (Y GrpR bR AR, BRHEL LifholAE
3-nercapt8§?ppyltrinethoxysilane. It is preferable to use a sulfide
silane coupling agent such as bis(3-(triethoxysilyppropyfldisulfide
or 20bjgs(3- (tr TR ARapsthd §B)iPERRMbrd 8 diSBlYable & the epoxy Hidn tdnéidnehtr €SI N
conposition according to the present invention may optionally include
addi ti ves () ¢the asmpaund SR Y% $Bramdshirdrit wbtturedesineved with dgdbileying misdhg ng
agents, and surfactant. The viscosity (25C) of the liquid resin
conposi t i ercasscBredninipgtpoocesdnynl esehargiag 90noefthe épomy resini@mpong® (A Pal |
preferably 15 to 80 Pa's,_ nore greferabl 20 to 60 Ps, The viscosity
of the |i §¢ H0gefsharompaprssiB) i 300sc senazabledlpsl twhichds then beated ingapilusi ng

Compos 1 BRIGR ARyl ERERIF Seskie SiTrdant PesP & b BATSS AR
11 Bna e ST Lo et TES o G bt b e o sty <

for 72 hours at room temperature. The compound (B) is, otherwise, considered as not

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



The sem conduct or device according to the present invention may be
produced ‘usi ng a known nethod. For exanple, the liquid resin
conposition is applied to a sem conductor chip or a sem conductor
waf er and then heated to obtain a sem conductor chip (or

sem conductor wafer) with the adhesive | ayet The sem conductor chip
wi th the adhesive layer is then bonded to carrier with heat and
pressure and subftecbRehingpaintior g mekitpgrointiof the bompldung (Bt )ois esmailyhe
sem conductor chip is then encapsul ated using to epoxy nol di ng
conmpound t h2a08Q lor balemms fExampiss of the compond (Bl bineludebisphsrals swsh@sict or
devi ce, The sem conductor device according to the present invention

i ncl udes i nbiagheneldd bisphanal K. or derivptivas dharepf.pecomipaped olainad treesling £S) ) |
S Conduct BAOENE - Apcal STolaREEPILnREAE) SEiRACH VPO Ot fg a
Co the o esemIeHi SREl ieicttga plitislof XAByRVERER fenaliebye S ERGR, o
[ohe e BATREM Pt byl A L6 A SARRRGIA1 il
seni conduct gg, nggg 233 @PRBFAefe dfd Wb Br ﬂofe%%ﬁdﬁc%k@ofﬂsde’

whi ch - has w re-"bond A sem conduct or waf'er on clrcuits

are not f or gRddiipa RRrahBoledireas bordd thardshate mip subleasemipaenduct or

wafer is normally grinded before dicing to control "the thickness of
the seni corkidedxgl gramf)dn the Tdeduleflanidothe B, N The oERpdvint ¢B2)iis nétaaily appl i ed
onto the backside surface of the sem conductor wafer. The liquid

resi n cohrposighly orystatiine bempquptl hevdngis meljing phinbewteeatitg 100°G.u dxamplesof een
printing, stencil printing, spin coating, and the |ike. For exanple,
a sem conduibe eompennd (B2inghdebiphandl, tgiphenglethane and the likea t ape att ached
to the circuit-fgrmation _sjde of sem conductor wafer to protecgt i
during back gri rﬁeﬁ?’BE%‘E‘é 55‘”*&1;}!3’@@@5‘?1@ rthe gnoxy 5‘6@?\‘05"@%&“&@ and

backsi de of,th | cand er. faci d. and the |Jquid
rasin compat brmpina B pt RS 3%3??@3@%%@5%?&1%%%%
t s . e .
Chi cknoss. o PRSI AbullEs endbonBATTE) § Gl Tho il i colfoutony
a_sem cpndugtGhinged @e pf&?m@hﬁﬁﬁtibn?fbhﬁsﬁ:&hﬂv&ﬂféir%ax ivhddbrdeig rdoRr K ST de

of sem conductor 'wafer facing upward, and the quid resin

conposi t i oremperanl butds @ikt db eerdpefafivt 6f equil th AChigheritlemTRe RisDlempiratie, A
thin and uniform|layer of the liquid resin conposition is then forned
by centri f wafiat befing keated fat the §ikst sqaperitissi nni ng. The liquid resin
conposition may al so be [a‘tﬁpl ied to a stationary wafer through one or
nore novi ng nozWkes usisg only the compaund P Wetheresultingndynsive lnyarisigckigoeste.
, It is preferable tqg use a hack grind tape, which_exhjbits excellent
heat resi staéﬁ@eerifemsq;ﬁwifwth&ber%@%tﬁaﬂaewvrﬁgﬁﬁfbe%éga atithe

| ater processes. It is so preferghle to a_back. gri t ape that
has. subtfor CuFLirRpREe, | EE ulhg el i shmppu Bof e csBe Tayert
def ormati on,; ' ] CO t i u

thi cknoss) Tar 5 S Rse SR RN Sepn b Bl o S b g
process> 15{hg; %ﬁ’-& SURPh iH?l’ifaf Wi uh;ega i;d resin conposition
is heated at tﬁe .rgt? terrpeera u_reedsoih'?r%#%.e Lﬁ%u.guid resin

conpoSi tion tur Bpedifidaly, Wien A 1RMIEsih dBHosiMdl @Bcording RGKe pregat at room
tenperature, but tacky at tenperature of equal to or higher than the

first tenpdnentioeis hdhed ddatfisigempaansthekpagresooshmhent (Ap el that t he
first tenperature may be carried out on hot plates, in a conVention
oven, 25 a compbhmBb)react entirclytonpartialkeso that the molecular weight of the liquid resin

composition increases, Since the curing reaction is partially completed, the liquid

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



20 The heating tenperature (first tenperature) is preferable 60 to
200C, nore preferably 80 to 150C, and nore preferably 100 to 120C.
War page of the semiconductor wafer reduces, when heated at | ower
tenperature (first tenperature), The heating time is preferably one
hour or bel ow, above which productivity may be affected and war page

or ef or bl y (TSRS D38 R St Tsrat8s oh P 0O Bl o ine Bish e e
preferably ) . : . .
ihes vo. | SyERaGy dleRlief o 1AM Eip Mo el oy PEBGRS 1" 1 1€

preferably f :

t hi ckness S%QE %%Hg%%%ﬁﬂg? %’th}t/eg?&ﬁ%d};ﬁ:gg? fc)g% r%ﬁéﬁhggdhgg}mu%?i&ﬁsg t he
process paggHpkeRl d the GPset bodd &b S Ent VD ledc ONMPOSI ti on.
For exanpl E, a reyigcgﬁav\e‘ﬁ/}e?whi n%ggc?hgsi%sfag?elrp coulgrcli )ﬁ:}hg%cﬁi eved by
using asliquid neshefefBERaitd RhtchedflaRgmpotrdWwith WoQFinfore gienslid S i n 5
contrast to die attach film which is necessary to provide a filmin
a desired hidrokyl@eappin the mblewle & $twtscdr npore oLths compound YBEN fithe
adhesive layer formed after heating at first tenperature contains a

| ar ge anpumontert of vtempdued withpemermere phérelia didroxyl grdupy by themepleode isacky
at roomtenperature, the pick-up capability may be poor, and voids
may be f or aseitham 8k wRef the compound (B L) 2 produstiobtaiged hy heatins thecadhesive

carrier. Therefore, it js preferable that the adhesive |ayer,
obt ai ned byAYSIBRY/AGe $A0KY FrckEh o Theserond ampREnas: o & FATRPOVRL. CH Rd e

of sem conduct or er,_a ickness of, 50, 45 Lo have volatile
conte nt18 of cqmpgupd ggi)l aéésgtc%fa{bg'rus ‘g%wﬂglﬁfﬁwp@tl gf ° |'5t31;2 a’i"gﬁlﬁ’é@rpﬁ?fgﬁah]lyof
110C for 39,4%% es. The thickness of the liquid resin conposition
formed i s neasSured using a non-contact thiclatess neter. The 15

vol atil e contentnd fredehhOedredsfabtb B%raﬁﬂ@ﬁﬁ&ﬁiﬁﬁih’eﬁguﬁr@sﬁ“ conduct or

waf er on which the Iiqufd resin conp tionis formed at thickness of
S50+5 p. M  esmpRiicAdh the fermPirahdaive ldyel Is delated tobbEbuke kel frédar 2ot NUt es.
After retrieving the sem conductor wafer fromthe oven, 5 to 30 ng of
t he adhesi wenperyee, bustasigras thedempdrstareaf squad tol ca hightothen tha Erst teraperature,
sem conductor wafer is cooled down and solidified. A weight |oss
curve 1§ ddhefirst iemperatingis prafeyably 60 t0,2008C, mare prefarably 80 1oTIGAJC,lapd ezt | ng
the sanple fromroomtenperature to 300C at rate of 10Chnin,  The
vol atile certeesnly {QHengo s tlihe secqrd GmperRReTe 10 epmpesefiss; A which the

'eee. and AR Rupeds Santorel o el bl et il S B Beated i el o
houl d b 8. [.ne | ead
pand i ng. 1| KERERRRT B kAR HERSRE s ifber BT P R FERRRRE. (e ' 7 10

(i n
adhesi ve | el biheclaalii@t | Ng process>, as well as
RS Bph ek aleaty v C R og

pi ck-up fa ctor rom di ci ng sheet in <dicing
processy, It is pFé¥BraBle ks the Aiqhidwedin EqipRRioR Recd it SRTbB kRt Waf er s
preferably to have thickness accuracy of 5 pmor |ess, nore

pr ef er abl yinverBionrinahides & seactiobvatatysi fok a glysidggrourpand, a phinalic hiydrorglasur ed
by a | aser roughness neter, neans the difference between the nean

hei ght andgtohg ha girapaunt koew aspoRartion Beslpsidors giyidd gemplahéa pberdli¢ i ne

5 thickness cannot be achieved. <Lam nnm ng process and dicing
process> hydroxyl group may be used without specific limitations, Examples of such acatalyst

include phosphorous catalysts such as salts of triphenyl 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,



The sem conductor wafer with adhesive |layer formed is then attached
to a dicing sheet <lam nating process> and is diced into individual
sem conduct or chips with adhesive | ayer attached<di cing process>. A
comercially avail abl e dicing sheet nay be 10 used. The dicing sheet
is attached and fixed to a wafer ring. The sem conductor wafer is

usi g d o) A Siek iR MR LRNE RElinE 2RE itk b b URa RGBT
adhesi ve |@zﬁ§§ﬂ:a§% 2 ﬁsibl@iférr%ﬁo & UoftARP R lethoBRAEST thdi&catihesi ve

| ayer and t sheet . thi's case, a chipping phenonenon
(i.e., theipgamanpé rdpucay IR S4ilPst With AR @éltidg pdntiiiferablyack
15 phenonenon (i.e., cracks found at the edge of the sem conductor
chip), a chasn hthingfeinei?eeft drisbsve, Ekansierafeadditid-asle ebtalysts include
dropped-off fromthe dicing sheet during dicing), and the |ike may
occur, $hi emadditicagroduatofPrmethylimidazold 2@, biamive-Genylrazthact or chi ps
w t h adhesive |ayer attached. <Method of produci ng sem conductor
devi ces> 20Thenytttgedhyd-dirlowyroefbylbnidedelepandni t h adhesi ve | ayer, which
attached to dicing sheet, are_then placed onto a die bonder to
per f or m pi eiphenyirdprdibdrgygedylimidageleseni conduct or chi ps are then

P or i ¢ h e T g e oD B BTt YO8 Sy S or
chi ith e adhesi | r .at.t ached, nu be re ed fromthe di,cin
Shene " " Ble AN oF e R LA B er G BN S TRl ki Gt 0
i t nte . . ( (
Chehy 08 | Bopnt i, SRS Pl I HtRdel and AR BRHGDWNE: oSl

pi cked up, P&ﬁde&mcﬁmim%we&@ﬂuﬁma@owa&, Mﬂﬁ%@%ﬂwmwi ckup

and may no subsequently be correctly positi , or the adhesive
| ayer may péwder,ahé Yoro Rittide sovdel) @ndipalyiér poivders suchQk pelythyRne povides,
di cing sheet is attached and fixed on the wafer ring during pickup.
The carri epolyamylath pakdedrpelwenifloaodbyieny poyrdep pofiyarida ghwdén/poljmgthane
according to 5 the present invention is bonded, refers to a |ead
frame, an BOWdeRipolys ¢ paveder, ahdipelywlsesgriexanpiperden aEithesdo prgeent
sem conductor ,chjps, the garri e tp a nother semnj.conductQqr

chip bohdefoBHognanozzle Mhlleap eraﬂrhgiim;i TeSiROMPRSinon using dispense nozzle, T o
Shan o nal e bt efdtidad e SRS ooR ordd R Sitle St SR Bt el 0 311!
than the f e. t conduct or
P P e oo EorctoN wahP{aulecB b} S, MRaFerk . MIPLEL B fhoferttly 15 fin 2 O

war page nMayelQfGHd mord efeRBE RARM bt et #gg&@érme goh@dﬁg 'ﬂ%&ﬁg&ﬂéﬁ&f)r

chip differs depending on the type of the di e bonder,

| ead- on- chlagre(pafic)es.b OTHRTora) it R\WEebrabIE td sieveahofilled ghrbwrhilkr Beth

sem conductor chip. The bond force applied when bonding the

seni coatluchmninglsizp of 30 yoar mallt ig peefieralile that the Klléd. cofiiaing bolydmbB afmonmtef i s
preferably SN or below, nore preferably 1 to 4 N, particularly when a
thin sem cionuimpenties k., sodium andrehtosineduct or chip with | ow mechani cal
strength is used, The bond tjme (i.e,, the duration in which the :
seni conduct or Jhispraferable thagsilyshprvdeniqpised as dillspwhancsloctrical wéwéa%l y 10
seconds or |ess, re preferably 3 seconds or |less, nore preferably 1
second o #%E teppel o RatvATR EREC | ARolve PP ey omBpreilb AT
Strength (2pGhefhid AR HdiGed BVE olebSin RO G bW Wl the.

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

-

of less than 1 pm will lead to high viscosity and poor process-gbility. Average filler
size of above 15 um may lead to clogged nozzle while dispensing and uneven printed

10



curing at second tenperature, is preferably 1 N or above. The

adhesi on strength (25C) of the adhesive |ayer after bondi ng but
before curing at second tenperature is neasured as foll ows.
Specifically, sem conductor chips (6x6 ranR) with adhesive |ayer are
pi cked up using die bonder. The sem conductor chi ps are bonded on QFP

copper 1 1 anbrue iR PRRE ePMERer, (1ERY pltBiraé i ectobllr o phlchilliflor
t enper at ur %Pygfcamgusc@mil@&'ﬁﬁ@fd&’cfoﬂ%%eﬂ%ﬂeg%ﬂcﬁ@ﬁ‘iha&'cﬁﬁtaﬁfa 1808 BRBNGS

(1 ncl uding np up time of ? Seconds . The adhesi on strength
of the adhegione: ipuetiesaf T'Eiugh@l@l&@ﬁﬁeislpﬁfﬁfﬁ, siheiiaad siabedBlk@ould be
tenperature is then neasured using die shear tester (Dage 4000
series). | falsbRsedacietiner ofth fakefilie wiiglba): casfly aivélabld farsemécohdyotor af t er
bondi ng, before curing at second tenperature, is below 1 N, the

sem conductapplicetitnp Thy filleraontehf infliquidiresirecamgpositien iscarmally 70 to 95 wil.
transportation. The adhesion strength of the adhesive layer is nore
pr ef er abl y Below Zhwtvapbsiver givasdess than desitsd plecimical cardpcyigy whilqahove 45 er
wi th bonded sen ¢ond of chips is, th heat ed at. t he second ...

t enper at ur &tapretiyes i lead torilah vécﬂﬁ@y%ftﬁe SRRPOSiFAR HRLERKeSHFAcESSAMHIY ng
process is without particular limtation on the wire bondi ng

condi t i ons P°®onsi deri ng |l ow carrier warpage, 10 the wre bond

temperature i's phofifahlik SARGIO% BELEWS e LhCPAREN AT A aRGL N of

the adhesive | ayet wre ( rrgera ure, er the
sem congduct [ .p-]g{?jn dsQRe R : BERhited
strengpﬁ otr‘&\'i/\lnldrétea-cguwgsa%ngngt \ﬁi Isl % F‘?&vﬁéﬁﬂlﬁgﬁﬁgg’mkgﬁrengt%
(175C) of tdiepaghiesk ¢eupliny SfentfueH asSE, ﬂ&biggféﬁﬂﬁﬁhétb sfatlei A | S
preferably éOPN or abm?g,aygrr%re pr ef eréélgl y or abjg(/e, and still
nmor e pref edagdyeidokProffitristhokysilany einyiimeadinsiinpagertd yuelhgs h (175C) of
the adhesive |ayer after second tenperature curing is neasured as
fol | ows. Spyiylitfimstaxysiianesadivinyitdetborsilaw; pet)axgoxysiiinagonplingagents
adhesive layer are picked up fromdicjng sheet using die bonder, The

sem conduc&¥h a8 Armeihasrydonyprapskirimethemsilang imethasriloxypiemaisiethoxystlane; 41 20
di d size;, 7.5x7.5., £ ith sil | ated di

ot 1 ekl Aoty iR boRiRB AribhERRe st et E B ong 1 or ce

f 1.0 N, i f i i . ?
R T e e
Tores. . : ] . _ ' 00
Then moas u e efRaRe Sl At 0, 4 Ao AEASIIB B Box bl gl 1O 18
bonded senia&@a%edpafpfgirnﬁa%o fsRarleh e Rt iSReRASI 18 LGk Mfide sn&leOHoaﬂgxt?gS

conpound using trans | di ng process. Ml ding conpounds t

prepar ed bygeait syekasbinG-(fridhoxysilyl)pepelydisulfdeiors are nornal Iy used. The
nmol di ng conmpound, which nay be used, is not particularly limted, It
is prefr agigéi-&t@ethmcesil?b)pmpmljtec@wiﬁ‘hnd, whi ch does not contain any
anti nony conpound and. br,om nated conpound that arc harnful to

envi ronment . | t Thediquideegin spmposition gseording o theypreesnpisyention jmay ORUGBHY ai os
a bi phenyl , aral ky)..epoxy resin and/{or a bjphenyl aral kyl phenol resin
2nd Hoes, nielude AR Sieh o by ety sdives drla e amricv ek R A BN
This is beg‘g%la%{aan{ml di ng

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

25 invention is 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).

n



5 conpound, which coi ataing a bi phenyl aral kyl epoxy resin and/or a
bi phenyl aral kyl phenol resin, shows excellent burning resistance (UL
test) and excellent reflow crack resistance, even w thout using any
anti nony conpound and brom nated conpound. After nol di ng,
post-nold curing is optionally performed. Wen |ead frame is used as

are opti onal 1y i SO sRREHEBIs R RtR R B RE RERR0 P RE0IE Y nen
o1 ocoss, ARt TG hHEReRs Kidiate nAcpEMIEGe Rl MRVIRD.

sem conduca@%SMﬁQﬁs Bop under FAAMRY, for dxdmys,yCi dyl  bi sphenol A
y reacti

synt hesi zed on between bi sphenol A and epi chl orohydrin
(epoxy equi val eThe sehBédbndhdtetdevic@hccoRINiE tb BiERLEsaktIiventisiemey Beproduced
referred to as "his A epoxy") (epoxy resih (A)), cresyl glycidyl

et her ( epoxsingakunoval method. 1 For bearrepl«) dietlguidredie congsbsition dsapplicdda ( epoxy
resin (A)), a phenol wavel et (hydroxyl 20 equivalent: 104, softening
poi nt: 80 swmie®@Cuctheship oref seovcondfictorrwaderand thep heasd to Bhtain) 2 eoioopdunter
(B1)), 3,3 ,5,5 -terranethyl bi phenol (nmanufactured by Honshu Chem cal
| ndust ry cCehip (risemiconductor aferavith e adliesive {agera s Tho sraiennduetor ohip with

d (,B2)),.2-ph | -4, 5:di hydr,oxy, hyl i.m I f d
by Shi Kok eaeRists& e s, BaRiehis P M ssabandrussaite and biede P 7 )
ti t al 25d| a.ZAhi 1 d ti t al yst,) ...

i oyand! anvag | Bkt v Sodaboere Ui RRurlk SRR B FRpRulsEing
a . X | ver PO

hor el nap t o bR pisFling dufbunl B DRIBARARAL blofes IR Ehiconallr,

rati o Showgeyicy, Ta Remidondlife divitt UEBIURPIOHIE AR HPeuilEn Srchith| ©- 1o |

m xer to obtain a liquid resin conposition. “The anount of each
conponent  imfepraté ARURATC) anddirs slly ivedretitin (LSI), diode)Radsistns) Ald tiesiive.
conposition was degassed at 2 mrHg for 30 m nutes using a vacuum
chanber. The pestethediofprodbcingesemicpniductorahipwitioapaibedivedayanasd 8 hen
eval uated 5 using the follow ng nethods. Evaluation mnethod

<Vi scosi t ysethpdo rgétmaq,semcmg@mridqu@uﬁrwsthhh@u@mmicpmﬁmm

measured at 25C and 5.0 rpm usin Br,ookfjel d visconmeter ((251 cone)
after the ﬁ%ﬁ?%@@‘ﬁmﬁﬂ‘@nF?’h%FgeW@? eL‘B‘hposi tion. 10 <Thickness

of adhesive,l ayer >The thi.ckness of an hesi ve | ayer obtai ned by
heating a g@m%ﬁr‘?gﬂgﬁ%‘f‘g&ﬂwgﬁsu’t %Fecuﬁgt he liquid resin conposition

was appl i ed, at"ﬁlﬁ é{??]’{d%s% ?&E gﬁﬁ%@@coﬁ’ﬁ%&g %ée)ércs%gt igjﬂ%l&)ﬁ aq[pg%e%fto the

nmeasured. The t ess of adhesi v er "was" calcu romthe
di f f er encepRRENEE deffeohilictds MRS (0F., dpB&sif edTine ehdiitlhRhati@isile, RBERT €
applying the liquid resin conposition and the thickness of the

bas wite-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 1o control the thickness of the semiconductor wafer. The liguid resin
composition is then applied onta the backside surface of the semiconductor wafer. The
liquid resin composition may be applied using a known method such as sereen printing,
stencil printing, spin coating, and the like. For example, a semiconductor wafer with

25 back prind tape (i.e., a tape aftached to the circvit-formation side of semiconductor
wafer to protect it during back grind process) is placed in a printer such that the

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

12



15 sem conductor wafer plus the thickness of the liquid resin

conpesition after heating the sem conductor wafer, <Volatile content

and appearance> The liquid resin conposition was applied onto a

sem conductor wafer. After heating the sem conductor wafer at 110C

for 30 m nutes, part of the adhesive |ayer was inmediately collected

using a_Spahdlafied AR @b Burfhcd G 3'skdetn A0 GHASRRL HEASY anp! e.
ent re 0 a wel ght by
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In Exanple 2, a phenol aral kyl resin ("PR-54869" manufactured by
Sum tono Bakelite Co., Ltd., hydroxyl equivalent: 180, hereinafter
referred to as "phenol Bl12") was used as the conmpound (31). 15
Conparative Exanples | and 2 The liquid resin conmpositions were
produced in the sane manner as in Exanple 1 using the conponents
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adhesive layer may be controlled by adjusting the process parameters and the viscosity
of the liquid resin composition. For example, a relatively thin adhesive layer could be
achieved by using a liquid resin composition having 2 low viscosity. ~ Thisis in
contrast to die attach film, which is necessary to provide a film in a desired thickness
prior to die attach process.

When the adhesive layer formed after heating at first temperature contains a
large amount of volatile components, the adhesive layer may be tacky at room
temperature, the pick-up capability may be poor, and voids may be fom;ed when the
semiconductor chip with is bonded to carrier. Therefore, it is preferable that the
adhesive layer, obtained by applying the liquid resin composition onto the backside of
semiconductor wafer, at thickness of 50 pm, is to have volatile content of 1 wi% or less
after being heated af first temperature of 110°C for 30 minmes. The thickness of the
liquid resin composition formed is measured using a non-contact thickness meter, The
volatile content ig defined as follows. Specifically, a semiconductor wafer on which
the liguid resin composition is formed at thickness of 505 pm, 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
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 wi% or less, and
more preferably 0.1 wi% or less.

The adhesive layer formed should be tack free at room temperature. The
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 ¢hip from dicing sheet in <dicing process>,
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The adhesive layer formed on semiconductor wafer is preferably to have
thickness accuracy of £5 um or less, more preferebly £3 pum orless. The thickness
accuracy, which is measured by a laser roughness meter, means the difference between
the mean height and the highest/lowest point. Beyond +5 pm, a stable bond line
thickness cannot be achieved,
<Laminating process and dicing process™>

The semiconductor wafer with adhesive layer formed is then attached to a dicing
sheet <laminating process™, and is diced into individval semiconductor chipf with
adhesive layer attached<dicing process>, A commercially available dicing sheet may be
used. ‘The dicing sheet is attached and fixed to a wafer ring.  The semiconductor
wafer is diced into individual semiconductor chips with the adhesive layer using dicing
saw machine, When the flatness and smoothness of the adhesive layer is poor, air may
be trapped in between the adhesive layer and the dicing sheet, In this case, a chipping
phenomernon (j.e., the edge of the semiconductor chip chipped-off), a chip crack
phenomenon (i.e., cracks found at the edge of the semiconductor chip), a chip fly
phenomenon (i.e., 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>

The diced semiconductor chips with adhesive layer, which attached to dicing
sheet, are then placed onto a die bonder 1o 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 Jayer attached must be removed from the dicing sheet at the interface
between the adhesive layer of semiconductor chip and the dicing sheet during pickup.
If the ndhesive layer is tacky at room temperature, the semiconductor chip may fail to be

picked up, or the semiconductor chip may be displaced durirng pickup and may not
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subsequently be corsectly positioned, or the adhesive layer may partially remain on the
dicing sheet, for example. The dicing sheet is attached and fixed on the wafer ring
during pickup.

The carrier, on which the semiconductor chip with adhesive layer according to
the present invention is bonded, refers to a lead frame, an organic substrate, and the like.
When stacking the semiconduetor chips, the carrier refers to a mother semiconductor
chip bonded on a lead frame, an organic substrate, and the like, The semiconductor
chip is bonded at a temperature of equal to or higher than the first temperature. IThc:
bond temperature of the semiconducior chip is preferablf 200°C or below, more
preferably 175°C or below.  If the semiconductor chip is bonded at a higher
temperature, severe warpage may occur.  The load applied when bonding the
semiconductor chip differs depending on the type of the die bonder, e.g. a lead-on-chip
(1.OC) bonder allows bond foree of up to 28 N per semiconductor chip. The bond force
applied when bonding the semiconductor chip is normally about 3 to SN.  The bond
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.c., the duration in which the semiconduetor chip is being bonded onto
the carrier) is preferably 10 s'econds or less, more preferably 3 seconds or Jess, more
preferably 1 second or less, from the viewpoint of productivity.

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 Iayer after bonding but before curing at second temperature is
measured as follows.  Specifically, semiconductor chips (6x6 mm?) with adbesive
layer are picked up using die bonder. The semiconductor chips are bonded on QFP
lead frame (package size: 14x20 mm, die pad gize: 7.5%7.5 mm, copper frame with
silver plated die pad, thickness: 0.15 mm), at bond temperature of 165°C, bond force of

1.0 N and bond time of & seconds (including ramp up time of 7 seconds to 165°C).
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The adhesion strength of the adhesive layer after bonding, before curing at second
temperature is then measured using die shear tester (Dage 4000 series).  If the adhesion
strength {25°C) of the adhesive layer after bonding, before curing at second temperature,
is below 1 N, the semiconductor chip may drop-off from the camier during

transportation. The adhesion strength of the adhesive layer is more preferably 10N

and above, more preferably 20 N and above,

The carrier with bonded semiconductor chips is then heated at the second
temperature to cure the adhesive layer. The subsequent wire bonding process is without
particular limitation on the wire bonding conditions, Considering low carrier warpage,
the wire bond temperature is preferably 200°C or below.  If the adhesion strength of
the adhesive layer is too low at wire bond temperature, either the semiconductor chip
may drop-off from carrier, or the ball shear strength or wire-pull strength will be low.
The adhesion strength (175°C) of the adhesive layer afier second temperature curing is
preferably 30 N or above, more preferably 50 N or above, and still more preferably 100
N or above. 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
semiconductor chips are bonded on QFP lead frame (package size: 14x20 mm, die pad
size; 7.5x7.5 mm, copper frame with silver plated die pad, thickness: 0.15mm), at bond
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
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 nat particularly limited, It is preferable to use molding compound,

17
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which does not contain any antimony compound and brominated compound that are
harmful to environment. It is preferable to nse molding compound, which contains a
biphenyl aralkyl epoxy resin and/or a biphenyl aralkyl phenol resin and does not contain
any antimony compound and brominated compound.  This is because molding
5 compound, which contains a biphenyl aralkyl epoxy resin and/or a biphenyl aralkyl
phenol resin, shows excelient burming resistance (UL test) and excellent reflow c;'ack
resistance, even without using any antimony compound and brominated campound.,
After molding, post-mold curing is optionally performed. When lead frame is |
used as carrier, trim and form process, solder plating process, and the like are optionally
10 performed to preduce the semiconductor device. When organic substrate is used as

carrier, a solder ball attachment process, and the like are optionally performed to

produce the semiconductor device.

EXAMPLES
15 Example ]
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™) (¢poxy resin (A)), cresyl glycidyl ether (epoxy equivalent; 185
hereinafier referred to as “CGE”) (epoxy resin (A)), 2 phenol novolac (hydroxyl

20 equivalent: 104, softening point: 80 to 90°C, hereinafier referred to as “pheno] 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 Shikoku Chemicals
Corporation, hereinafter referred to as “2PHZ”) (reaction catalyst),

25 diazabicycloundecene (reaction cafalyst), dicyandiamide (reaction catalyst), and a flake
silver powder {particle diameter: 1 to 30 pum, average particle diameter; 3 ym,

hereinafter referred to as “silver powder”) (filler) were mixed in a ratio shown in Table

18
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1. The mixfure was kneaded using a teiple-roll mixer to obtain a liquid resin
composition. The amount of each component is indicated in parts by weight.

The liquid resin composition was degassed at 2 mmHg for 30 minutes using a
vacuum chamber. The performance of the lignid resin composition was then evaluated
using the following methods,

Evaluation method

<Viscosity> The viscosity of the liquid resin composition was measured at 25°C and
5.0 rpm using a Brookfield viscometer (CP51 cone) after the preparation of the liquid
resin composition.

<Thickness of adhesive layer> The thickness of an adhesive layer obtained by
heating a semiconductor wafer, to which the liquid resin composition was applied, at a
first teraperature (110°C for 30 minutes) was measured. The thickness of the adhesive
layer was calculated from the difference between the thickness of the semiconductor
wafer before applying the liguid resin composition and the thickness of the
semniconductor wafer plus the thickmess of the liquid resin compasition after heating the
semiconductor wafer,

<Volatile content and appearance>  The liquid resin composition was applied onto 2
semjconductor 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 4 volatile
content measurement sample.  The volatile content refers 10 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 o room temperature. The appearance of the adhesive layer was also
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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<Tackiness> A thin layer of the liquid resin composition was applied onto a glass slide.
After heating the glass slide with the liquid resin composition at 110°C for 30 minutes, a
Teflon (registered trademark) tape (“NITOFLON™ manufactured by Nitto Denko Co.,
Ltd.) was then used to adhere ta the adhesive layer formed. The Teflon tape was then
peeled off from the adhesive layer.  The results, with no residue of the liquid resin
composition found on the Teflon tape was considerad “Good”.

<Adhesion strength> Semiconductor chips (6x 6 mm?) with an adhesive layer were
picked up from dicing sheet using die bonder.  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 mm), at bond 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 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 strangth of the cured sample was ther measured at 175°C using
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 2 dummy semiconductor wafer (“Phase 8” manufactured by Hitachi ULS]
Systems, Co,, Ltd.), where the circuit surface is protected with polyimide resin
(“CRC-8800” manufactured by Sumitormo Bakelite Co., Ltd.) with 50 um thickness.
After heating the wafer at 110°C for 30 minutes, the wafer was diced into
semiconduetor chips (6x6 mm?) with adbesive 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 mm), 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 (“BME-G700” manufactured by

20
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Sumitomo Bakelite Co., Ltd.) at molding condition of 175°C for 90 seconds. The
molded packages were then post mold cured for 4 hours to form semiconductor devices.
The semiconductor devices were then treated under condition of 60°C, 60% relative
humidity for 120 hours, followed by an IR reflow process (260°C, 10 seconds, three
times). Delamination of the packages was then checked using Scanning Acoustic
Tomograph (through Scan). Delamination area of less than 10% was considered
“Good™.
Examples 2to 5

The liquid resin compositions were produced in the same manner as in Example
1 using the components shown in Table 1, end evaluated in the same manner as in
Example 1.

In Example 2, a phenol aralkyl resin (“PR-54869" manufactured by Sumitomo

Bakelite Co., Ltd., hydroxyl equivalent; 180, hereinafier referred to as “phenol B12*)

was used as the compound (B1).
Comparative Examples 1 and 2

The liquid resin compositions were produced in the same manner as in Example
1 using the components shown in Table 1, and evaluated in the same menner as in

Example 1.

21
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| Viscosity i Thickness of adhesiveyner | Volatile content
oot ouvockfy aflame/ asc | DOSLt WMi sture-proof soldexability test
(separation arca)

Obviously, numerous modifications and variations of the present invention are
possible in light of the above teachings. It is therefore to be understood that, within
'l the scope of the appended claims, the invention may be practiced otherwise than as

specifically deseribed herein.
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uol sori pp Qovi ously, numerous nodifications and vari ations
of the present invention are possible in |light of the above
teachings. It is therefore to be understood that, within 'the scope
of the appended clains, the invention nmay be practiced ot herw se than
as specifically described herein. Wat is clained is: (1) Aliquid

resin conpoghl.i ising (A) an epoxy resin conponent and (B) a
curing agen?h%%%lgﬁlgér@,g' where the epoxy resin conponent (A) being
liquid at room5 tenperature, and the curing agent conponent (B)

i ncluding (B1) a compound whi ch has phenolic hydroxyl group(s) and is

S v bl S SRR e o e
epoxy r esi newingpgent sbmpohrnt, where the epoxy resin component (A) being liquid at room
5 temperlature, and the curing agent component (B) including (B1) 2 compound which has
phenolic hydroxyl group(s) and is dissoivable in the epoxy resin component (A), and
(B2) a coropound which has phenolic hydroxyl group(s) and is not dissolvable in the
epoxy resin component (A).
(2)  The liquid resin composition according to (1), which is tack free at room

10  temperature, but tacky at temperature of equal to or higher than the first temperature,
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 hydroxy! groups in the
molecule,

15 (4)  Asemiconductor wafer or a semiconductor chip with an adhesive layer, where
the adhesive Jayer is pre-applied and fonmed 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 semiconduetor 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 &

semicondnctor wafer; a method of forming an adhesive Jayer, by heating at a first

temperature, which is tack free at room temperature but tacky at terperature of equal to

24



(2) The liquid resin conposition according to (1), which is tack free
at room 10 tenperature, but tacky at tenperature of equal to or

hi gher than the first tenperature, after being heated at a first
tenperature. (3) The liquid resin conposition according to (1) or
(2), wherein both the compound (Bl) and the compound (B2) have two or
nore phenol i ¢,; ; Lot : : 1 tor
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or the sem conductor chi'p by usihg the liquid resin conposition
according t @it -tﬁh\’adﬁéﬁvélﬁyﬁﬁ,ﬁy diding Rt serhiBbrdQVIBEwREEr Wit tHeREhdsRR layer into
sem conduct or wafer or the sem conductor chip at the first

t enper at ur einddidyabiemiconduatoruittatodth thhadhesivd layen adhesi ve | ayer
produced by dicing the sem conductor wafer wth an adhesive | ayer
accor di ng t ®)(4) Ametie) ofprodnéispashmicandudendeyize ytpnding te semiconductor
sem conductor chip with an adhesive |ayer according to (4) or (5) and
a carrier, oipmathithpoadbesivedayeaaseasding i (7),ite castiercwith heat &)pressuret hod of
produci ng a semni conductor wafer with an adhesive |ayer, by 2%
applying the liquid resin conposition, according to any one of (1) to
(3), to one side of a sem conductor wafer; a nmethod of form ng an
adhesive layer, by heating at a first tenperature, which is tack free
at roomtenperature but tacky at tenperature of equal to or higher
than the first tenperature; a nmethod of |am nating the sem conduct or
wafer with the adhesive |ayer to a dicing sheet; a nethod of
produci ng the sem conductor chip. with t'he adhesive |ayer, by dicing
t he sem conductor wafer with the adhesive layer into individual

sem conductor chips with the adhesive |layer, (8)A nethod of producing
a sem conduct or device, by bonding the sem conductor chip with the
adhesive |l ayer, according to (7), to carrier with heat & pressure.
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