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Surface Protection O Sem conductor Wafers And Method For protection O
Sem conductor Wafers Wt h The Film5 TECHNI CAL FI EL resent i nvention
relates to surface protecting adhesive filns for senm fers and
protecting nmethods for sem conductor wafers using th ilms. More
particularly, the present invention relates to a | U surf‘aﬁel@*prot ecting
adhesive filmfor a sem conductor wafer which is adhe hesi ve

| ayer to a surface of a sem conductor wafer in a si de[ mmmmﬂ m@ rcuit is
formed (hereinafter referred to also as wafer surface cir
cuit-fornmed surface of a sem conc%rcétcot nger (hereinafter *0E%trred to al so
as waf er back side) round to IHA"EA propri ate sem conduct or wafer
in order if[“"’st'°b“'af\/0|sdarbsr'g'éﬂ%’agé‘c'c5‘r‘5’Sc!t'iPtt ﬁh'l"ha’f?brf"d)'ffaées@rh%er\de@t &f waf er at
a product ¥eniconepctof aferemircoMd trodotori Rbegtiat e $emicundyctand/agerpnit ect i ng
met hod f ok Taeem conduct or wafer using the adhesive film BACKGROUND ART ~0
A sem gonductor device is ordi nﬁébhm!%geghﬁe{g by a nethod in which high
purity silicon nmonocrystal or t 'S sfrced to produce a wafer and,
then, an integrated circuit is enbedded in the thus-produced water by ion

i npl ant ation, BcRIanorinyemdion kedataadle swéreaptdectinhaedoedier fiihasioenbedded
with 2~ tiﬂcenncnrhcag:n@rt @dfecs ranui protsctisgbipetioad 1bo sbacdonaleter ydradi igdng
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Af ter suckergiebndliciey, ware¢ heimigadt sdhesl a®inh. St ep may subsequently be carried
out on the back side of the wafer as required. After 1 t hese steps of
processi ng the back side are ¢ é h dhesive filmis peel ed anay
fromthe wafer surface. As one%Ms required for such a surface
prote¢fing adhesive filmfor a sem conductor wafer as described above,
there can be menseoiceddictpr @eeisti iBnowinpiygrsaideanspfa aodhodgn Weriew

(her ei naf kigh puetyesiiiesh mnat@@tsasngﬁt b s NRdel) p W a§ck b WaEE BeH NPe@ back

side of a gemg gple cto r h M. GASE whi ch an .unevenness
hol | owed |n ‘ Gﬂ' é o'&:u\rlvgoge'= -rgo§1 ?chemou'?e m)sst pmdu ?%nwca)*er b\)(/afer deri ved

froma codA "h‘Bai' ye?tch‘ﬁ frafedieyang: dee'(ﬁra“t’he'hﬁ"fééer Hrusagmpededodith ed | ayer
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about f r wreli € Um (g % ? §ﬁ4) a sem €onduct or
wafer in WRAICEH Phe’“h ﬁ'r'i‘@s%“’ YEdEhto dt“ﬁ%"’\/\& 'Br PR e¥@RELC to the
out er nost 8yt PruAkage erﬁenmfieehorr of &g vaeihem ¥ 6apsaf arindinmetheshanhkesiéhiness of
an adhesi ofetiayafel srolg Hefski siepnt as gleisbdbed) avaver ankghicderenrtengd -

Lh{ough :%ﬁtdéW%Vﬁﬂﬂ%% i SONRUcEASErer hBs saé.leugs& ndi nﬁ ;Nﬁter i's entered
et ween e wa ace angd an a 11.m e unevenness,
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t hus- ent e\r'ef&fgtl aeseg \reat érurfaﬁer °§L?Cﬁe'ﬂté’ﬁéf“|‘°d9f wiafofvigramadhrgivea eerr-rzo
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that 38 t@edsadi€alGOBimaNatated WeN §ridingacse Phontile iRt REp Ghiguit by a
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protecting adhesi I'mis total am nat e I'n grin |ng
processi ng on the back side under the i nfl uence of the penetrated grinding
water, thereby resulting in w 25 afer breakage in sonme cases. In order to
prevent such a problem a device to enhance adhesi veness between the
unevenness of the wafer surface and the adhesive | ayer by heightening a

t hi ckness of the adhesive | ayer of the adhesive fil mhas been required.
However, in using this device, as an adhesive force to the wafer 30 surface
of an adhesive filmwas increased nore than strength of the wafer, the
peeling troubl e happened in an automatic detapi ng machi ne when the adhesi ve
filmwas peeled away fromthe wafer surface after back grindi ng dependi ng
on various conditions such as the thickness of the wafer and shape of the
surface and the like; therefore morkablllty becane deterlorated or the
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pressure-sensitive adhesive layer is 40%or nore, and a water-soluble
polynmer is included. The protective nenber (adhesive film for the

sem conductor wafer disclosed in this invention conprises a water soluble
pol ymer on a pressure-sensitive adhesive |ayer, which enables a rinsing
treatment in a 5 sufficiently clear and clean manner by directly rinsing
wth water without pre-rin sing wwth an organic solvent after peeling the
protective nmenber away froma circuit pattern-forned surface or the I|ike.
Therefore, the above rinsing with an organic solvent can be omtted.
Further; protective functions such as prevention of penetration of water
into the adheS|ve interface, contam nation of 10 a circuit pattern-forned
surface d8%% GteRT BLRERTAFE PelliedhRck BIdgaR2geBP/oofe harAHN sy et @ prel i ng al
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di scl osed %] g‘ pro ducing.a sem con uc ctor g he wafer is
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ci rcunstances, on a @ur race protect Ing a hesi ve I'm f or sem conduct or
waf er, as”‘éndﬁ%‘@venﬂe?sé‘”iab?’}?édso"hast RECRGLH Zgu't”f‘a‘?:%pei”g”t?e@ﬂ thgr VA8 ng wat er
is eaS|Iy penetrated Into the wafer thyough the unevenness or the thickness
beconmes thin after grinding and the wafer is exposed to grinding 20 water
for along tinme, it has been required that an invention satisfies a
performance of preventing penetration of water, which enables to
effectively prevent penetration of water fromthe circuit surface at a

hi gher | evel under grinding conditions that m ght highly be subject to
penetration of water. 25 DI SCLOSURE OF THE | NVENTI ON An obj ect of the
present invention, in view of the above-nentioned problens, is to provide a
surface protecting adhesive filmfor a sem conductor wafer which has
excel | ent adhesive properties and proper adhesive force in a0 regard to a
surface of a sem conduct or mafer mhlch can prevent contanlnatlon and
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film the adhesive |ayer conprises two types of polyners (A) and (B} having
tenperatures in a range of from--50 Cto 5C and fromnore than 5C to 50C
respectively at which tan 8 of a dynami c viscoelasticity is maxim zed,
preferably acrylic acid al kyl ester copolyners (A) and (B), and a
cross-linking 10 agent (C) having at |east two cross-linkable functional
group capable of reacting with a functional group of the above copol yners
in a nolecule with a specific conposition as main conmponents. By applying

t he above-descri bed arrangenents, an adhesive filmcan be adhered to an
unevenness of the sem conductor wafer and at the sane tine, a 15 peeli ng
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filmto endure ection o e danesi ve film
by grlnd|hﬁmﬁéTEFQ%ﬁP8ﬁ°m@“FﬂF8 an interface betmeen 20 the adhesi ve film
and the wafer $Surthacein andubliaient ofa JPPEPRE288AfisdeisalnBeaditd groBktivhie
adhessve fiehiber Fur khedmich engsalvidied ScHalf@dte Axel (nThhatad pabd the saRsifivef a
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maxi m zed are intended to nean val ues neasured by a tho explained in an
enbodi nent to 25 be described bel ow BEST MODE FCR CARRYI NG QUT THE

| NVENTI ON The present invention will be described in nore detail below 30
Firstly, a surface protecting adhesive filmfor a sem conductor wafer
according to the present invention will be described. The surface
protecting adhesive filmfor the sem conductor wafer according to the
present invention is produced by preparing a base filmand form ng an
adhesi ve | ayer on one surface of the base film Odinarily, a surface of
the adhesive layer is applied 35 with a release filmreferred to as a
separator, fromthe standpoint of prevention of contam nation thereof, in a
period of fromthe tinme right after it is produced 8 tothe tine it is
used Cbn5|der|ng that the adhe5|ve fI|ﬁ1IS adhered to the surface of the
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5 appropriately selected fromthose produced by those known techni ques in
consi deration of productivity, thickness accuracy of the filmto be
obtained or the like. In order to enhance adhesive force between the base
filmand the adhesive layer, it is preferable that a corona di scharge
treatment or a chemcal treatnent is prelimnarily carried out on the
surface of the base filmin a side in 10 which the adhesive |ayer is

provi ded. Further) for the sane purpose, a prinmer |ayer may be forned

bet ween the base filmand the adhesive layer. As a nore preferred

enbodi nent of the base filmto be used in the present inventi on relatively
flexible t i SUhi ect ed di ng_processin n film
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to the adhesive |ayer an when "adher 1 ng an adhesi ve e surface of
t he sem conductor wafer, has an effecu:on suf ficient adhe5|on of the
adhesive filmto the unevenness present on the wafer surface. On the other
hand, an acrylic acid al kyl ester copolyner (8) having a tenperature (Th)
in arelatively high range of fromnore than 5C to 50C at w 25 hich tan 8
of a dynam c viscoelasticity is maxim zed gives a proper strength to the
adhesive layer to an extent that it can endure | oads of peeling the
adhesive filmby grinding water, does not allow to proceed with peeling the
.adhesi ve layer fromthe wafer surface, and prevents penetration of water.
In consideration of the characteristics of these (A) and (B), an object of
30 the present invention is not only to nore closely adhere the adhesive
Iayer to the unevenness of the mafer surface but also to prevent any

- o o Y I



25 AQUALON RN- 10, AQUALON RN-20, AQUALON RN-30, AQUALON RN-50 or the liKke,
manuf actured by Daiichi Kogyo Seiyaku Co., Ltd.), another surfactant
produced by introducing a polynerizable 1-propenyl group in a benzene ring
of an ammonium salt of a sulfuric acid ester of a pol yoxyethyl ene

nonyl phenyl ether (product names: AQUALON HS-10, AGLUALON HS-20 or the

| i ke, 30 manufactured by Daiichi Kogyo Seiyaku Co., Ltd.), another
surfactant which has a pol yneri zabl e doubl e bond in the nolecule and is of
a sul fosuccinic acid diester type (product nanes: Latenul S-120A, Latenul
S-180A or the like, manufactured by Kao Corporation) and the |ike. Further,
optionally, a nononer having a self-cross-linkable functional 35 group such
as acryl i#cading dPy'&'igayParf?fEt%&Er?/fI ithe £Rird agrytechdical jirppvptinat ¢ Etehyl
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2-(1 13 nhadwig b Aidpyh Jof hds! thBRIIAGKY b eirs OF SEAE rhigKE re RNTRNGHENt dtAVI NG a
polynerlqule doubl e bond such as vi nyl acetate acrylonltrlle styrene or
the like " & nultifunctional mononer suc i vi nyl benzene, acr I|c acid
vi nyl ,° net hacr Y #44i4eR dinve pyplicalign pf &P%@a%ﬂms disclesedyd methad af al Iyl or
the Iike raAdu it thars aepe ehettrathiv en edimiethei akfeprioduetsd ifrpnnihe hackor
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ditertiary-anyl peroxide or the |like, an inorganic peroxide such as
amoniaum persul fate, pot apgiiPerswbf abe insediyonpersul fate or the |ike,
an azo conmpound such as 2,2 azobisisobutyronitrile
2,2'-aziobis-2-nmeth Ibutyronltrlle 4,4 -azobi s- anoval eric acid or the
like. 30 Furth&P,° V%@ °fHB°aEP§??%”H@PH°%IH&W“ﬁéﬁﬁrr@oﬁB?VhEW”fgned
pol yrer i ZEgbignst e te 60ige appir{aner pretadtion adhastviediim fosra seveicpodpedse of
adj ust i ngwafenatrectulnas svedegbhbt @fihddiee pabwstive dpal yrper Aihbiige | foke, i chain

transfer Qgen tﬂ%u%c@@@%%&%c@@ﬁﬁ% weﬁ%rf\f?ﬁncﬁl&‘éh p‘FQ\'f’dn@ c%%afwﬁﬁorﬁgem S
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chain tr efotaljenk 4he d”“é%r El's@d’ fiejqf Realigagdofossr bih @’GM”\%? 4§t part to
0.5 wei ghvafpardiue DaswdadtresMeOrewiiughtenénitg oof the otalkr durfaceaafbempecdingnononer s.
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emul sion nme I on suspensi on
sol ution "Ep)f’ tj/ir‘?é‘?‘? 35t v aetred! a&r‘nd“‘tl H% WPT(%edaWHhL}E%d’eeP&?tqfc‘ﬂFa“YTfﬁr Wnen
prevention of contam nation on the wafer surface of the adhesive |ayer is
taken into account, it is preferable to adapt the enul sion polynerization
met hod by which a copolyner havi ng a hi gh nol ecul ar wei ght can be obtai ned.
Wien the acrylic acid al kyl ester copolyner is polynerized by the 10
enul si on pol yneri zati on nmet hod, anong the foregoing radical polynerization
initiators, a water-soluble inorganic peroxide such as amoni um persul f at e,
pot assi um persul fate, sodium persulfate or the |like, a water-soluble azo
conpound having a carboxyl group in the nolecule such as

4,4' -azobi s-4cyanoval eric acid or the like is preferable. Wen the effect
of the ion on the 15 surface of the sem conductor wafer is taken into
con5|derat|on a annDnlun1persquate azo-conpound havi ng a car boxyl group
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5 diglycidyl ether, resorcin diglycidyl ether or the |like, an
aziridine-type crosslinking agent such as

trimethyl ol propane-tri-p-aziridinyl propionate,

tetramet hyl ol net hane-tri-p-aziridinyl propionate,

N, N' - di phenyl net hane- 4, 4' bi s(1-aziridi ne carboxylarnide), N,

N - hexanet hyl ene-1 ; 6-bi s(1-aziridine carboxyl am de),

N, N -t ol uene- 2, 4-bi s{1-aziridine carboxylam de), 10

trimethyl ol propane-tri-(err)-(2-nethylaziridine} propionate or the |like, an
i socyanate-type cross-linking agent such as tetranethyl ene diisocyanate,

hexanet hy dj.l te, tri _add of . tol uene diisocyanate of
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to 35 the? prHEEht° i HIBhTTYR, AN addi P orl To AwsNkEthdenot t'he $%61raYyei ng
acryl f& avperalaftifityedt e eelymieyieis maximizad . @By, framd. { meightowast td AR ng
agent ( C)whig#i pgriswol ki crosodinkingeagdroSE) | hakedtof emaidronabsgligkggei n a
mol ec:JI e, fulneu@f;adeg{ma,sg ﬁquﬁble@dﬁaeﬁ_ﬂat&rh%@%féhtsfaéﬁ ,ofaomcapofu'n?rofof : tf or
exanpl e, rosin type, terpene resin e, or e l1ke, any of various types
of surfacta °§V"6‘F”t@§ 3 E Y gﬁﬁ'rcéﬁ?%lsgf’%??/a es(':'&%f%ﬁeﬁéﬁ?(mﬁhpt”ﬁ‘él’? when
t he adhesf’Q/émagent polymer is an 5 emulsion, filmform ng agents such as
di et hig ene gl yébetommsoloutihy presdrdrinantioheitlls peefrap lapprtopsicaded ylalbtic
cont ai nedmbauissah 22N £ A8t Iapér SFOLSaBOFiIM TR 26tc a8 1@l @Gt 167 (ot h& igventi on.
Thi cknesspf,l Qeth@cq%gér gpnlea)régge Qfjmt ﬂ?rérh'%%% 2;arpf(zrkectl ng adhesive filmfor

t he sem conductor, wa In the present 1nvention has an effect on an 10
adhesion, an a Hrégfr\‘/e“f&‘g%g dRd"thB I5PRE MFANABL 't e PURE{RRSE dFe t he
waf er surpaly@ersyfe rndi@) adhesiviie acidyalkylj astemtqpolameradhesi on agai nst the
unevemness of Fhehwafaetosutd &€ @anbeeompetinsuidd piednht an@ngbhndieng ivater is

entered th.QUER 4 PRAIRYENDESS b OtneUARb MR Ao MRhEFo 1S W ag@vé.@e sorme
cases. V\hen.btelaemﬁgahcees n Ich

ive layer 1s thic here .i s ase | he
adhesi on 13 nct easeofrfgecél' éiaﬁgfs'f’ﬁg"_'ﬂﬁ%rvé’r?nseeé“sfc%?daf'tc#é Welpels %‘m&f"ﬁée
wher eupont® ReS Eititeerved 1 @6e i msgnipprfttcitidwater etip ohat A8 sHife yekabi lity
at the titneregff, peatindigoi sroceshiceds subsvqueamtigl cdrhiedeodteat uax edn-ditwaiitt hi ckness
?f t h?-soadheﬁiauau}fayebf ige PEMTcehaldtyr tvmmaadum_tﬂréee%@ednmaﬁﬁm@; ﬁr ably
rom ug - I : e i.n i.op esi ve
| ayer is m%éﬂ%gpg]ﬁégﬁ%cgﬁ;\?ﬁgg% Q?;ﬁg %gés}{é afsi%/%]pétggﬂ%% ﬁ%gn%%rf]oerbg used to
formthe adhesive layer in which the above described adhesive agent is
allowed to be in a formof a solution or an enulsion liquid (hereinafter
generally referred to al so as adhesi ve agent coating solution) and, then,
the resulting Coating solution is coated sequentially with a known net hod
such as a roll coater, a comm coater, 25 a die coater, a Meyer bat coater,
a reverse roll coater, a gravure cooler and the like and dried. On this
occasion, in order to protect the thus-coated adhesive |ayer from
contam nation or the |like derived froman environnental factors, a rel ease
filmis preferably applied on a surface of the thus-coated adhesive | ayer.
Alternatively, a nethod (hereinafter referred to also as transfer nethod)
may be 30 adopted, in which, on one surface of the release film the
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25 appropriately determ ned depending on the size, the type and the |ike of
the sem conductor wafer, whereas the thickness thereof after grinding is
appropriately determ ned dependi ng on the size of the chip, the type of the
circuit and the Iike. An operation of applying the adhesive filmto the
sem conductor wafer is 30 sonetines carried out manually but generally by
an apparatus referred to as an automati c tapi ng machine to which an
adhesive filmin a roll state is attached. As for such automatic taping
machi nes, there can be exenplified, for exanple, ones which are avail able
as Model : ATM 1000B and I\/bdel ATM 1100 manuf actur ed by Takatori
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operation o Heel om the waf e rface may
somet i mesC¥seP ‘g@ﬁm@t‘i‘éﬁ’ Fr‘é?ﬁ]bYleI'Vyp‘eBﬁ't‘tedené’? &FF';‘/'°EOHBLF¢‘1"€EI'VB>/"'él‘ncaé‘pb%lr at us
ref ert®ed perleswith antapeatidbesiet dpicagn weehinmand Agrtfier nsadhogi®e aesidmat i C

det api ng memcdinNen tﬁdﬁ@mr&anabeaaxeapélm‘i ed, for exanple, one whi Ch are

avai | abl'e as '\/R%lanoﬁTﬂ\{h%QQQF 3%‘121[51}/‘)}1 ngeMERM %ac R E}'Jﬁc?‘%%:urre%g

Takat or i fCor por atl on s manu Sei ki
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aut onat i c, de i chine rk Filament . Tape No.
897 avail a%lateﬁ' r@m matnr;!| '%s eff Ct ”rPsuff.a. ﬂadﬁ T<en é)értlhebadﬁesw : f eel i ng

the surf a@ethBreXaresg péﬂﬁ%‘él‘\?‘ethﬁ‘ﬂ’?ﬁféﬁ‘”?%'%%‘i‘ﬁ%Mdﬂb%?eﬂm Eim 8% away
from t he Yardua@ee of theheemsienndondueater. wafer is carried out at a room

tenpeg@t ure of ForEdMans | ydraispienthydbGontiVeR¥E el ro nhen vlesh@mabeMe fdesedi bqd 21
aut omat | CWS‘%E?BLPQ n@mmn 3 rBfa Wéng%ﬁg% tQm%e;aHE'r%t rfaﬂéeeclfef\‘@r%'nﬂ‘g the

terrperature ore an operation of peelin adhesive film
t her ef r on?i®st"&@4r 1% P 80C 8t He it HEs? \?éaf?m%y'sﬁc’ﬁ?ﬁ“&év fre JBSHN 28 an

appr opr i abzsedeapetodt weht oradisnaf i(Ry té romingdC amp e3geljenadhdsian predhed

t her ef r ombdveldtacrinéeunsudfineae afrt tvat tshete adiegivee o pltaper Stiaaglretd amay i s

washegs; asefigRtinaethe é@m.fswe fa B w@éah&l&eﬁewmf pwﬂgewreagdrt&.@xmmyfl ed,
for exanp| e, .wet walas %mc% water rinsin fonso wgper ri,nsi ”|90 or t he
c

i ke, dryg”ﬁm?ﬁ|1g su as [) dgﬁé° sﬁfntpe"eq | P& %Nt 's8 In the
wet washi ng, ultrasonic washing nmay be used in conblnatlon These mashing
nmet hods are properly 10 sel ected depending on the contam nation condition
on the wafer surface. As sm conductor wafers to which the protecting nethod
for the sem conductor wafer according to the present invention are
applicable, exenplified are not only a silicon wafer but also wafers nade
of, for exanple, germanium galliumarsenic, gallium phosphor,

gal I i um arseni c-al um num and 15 the |ike. EXAMPLES The prsant invention Is
now nore specifically described with reference 2p to preferred enbodi nents.
In all of Exanples and Conparative Exanples to be described bel ow,
preparation, coating and grinding of a back side of a sem conductor wafer
and the Ilike have been carrled out |n an enV|ronnent |n mhlch cleanllness
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35 viscoel asticity neasurenent apparatus (Mdel: RVS-800, manufactured by
Rheonetrics Co., Ltd.; using an attachnment of parallel plate (parallel

di sc) type 23 having a dianmeter of 8 my). Specifically, the sanple was
set in the dynam c viscoel asticity measurenent apparatus at 25C via the
above-descri bed attachnment of parallel plate type to neasure tan b of a
dynam c viscoelasticity while it is lowered from25C up to -70C at a

|l owering rate of 3 mn and it is ~i heated from25C to 70C at a heating
rate of 3Cmn to neasure tan 8 of a dynam c viscoelasticity. After such
measur enent has been conpl eted, fromsuch tan b-tenperature curve at a
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waf er was determ ned as unacceptable. 25 < Preparation of a Base Film>
Preparation Exanple 1 of a Base Film One surface (a side on which an
adhesive layer will be fornmed) of a polyethylene terephthalate film
(Hereinafter referred to al so as PET) (product nane: Tetoron, nmanufactured
by Teijin Dupont Filnms Limted) having a 30 thickness of 50 um was

subj ected to corona discharge treatnent. The storage el astic nodulus (E)
of this PET filmwas 5.0 x 10s Pa. Preparation Exanple 2 of a Base Film One
surface (a side on which an adhesive layer will be forned) of a 35
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< Preparation of an Acrylic Acid Al kyl Ester Copolyner ? Preparation
Exanple 1 of an Acrylic Acid Al kyl Ester Copol ynmer A polynerization
reaction vessel was charged with 135 weight parts of 35 deionized water,
0.5 weight part of ammoni um persul fate, 73.25 weight parts of butyl
acrylate, 11 weight parts of methyl nethacrylate, 9 weight parts of 2 26
hydr oxyet hyl nmethacrylate, 2 weight parts of neth acrylic acid, 1 weight
part of acrylam de as a polynerization initiator, 3 weight parts of

met hacrylic acid glycidyl as a self-cross-linkable (cross-linkability in .a
nol ecul ) comonomer, and 2 wei ght parts of a conpound of a pol yoxyet hyl ene
nonyl phenyl ether 5 (ethylene oxide: 20 noles) with a neri zabl e
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15 V|scoelast|C|ty is maximzed of thig acrylic acid alkyl ester copol yner
resin was -39C. Conparative Preparation Exanple 1 of an Acrylic Acid Al kyl
Est er Copol yner A pol ynerization reaction vessel was charged with 135

wei ght parts of 20 deionized water, 0.5 weight part of ammoni um persulfate,
42 wei ght parts of ethyl acrylate, 30 weight parts of nethyl nethacryl ate,
16 weight parts of butyl acrylate, 9 weight parts of 2-hydroxyet hyl

met hacryl ate, 2 weight parts of nmethacrylic acid, 1 weight part of
acrylam de as a polynerization initiator, and 2 weight parts of a conpound
of a pol yoxyet hyl ene nonyl phenyl ether (ethylene 25 oxide: 20 noles) with a
pol ynmeri zabl e 1-propenyl group intoroduced in a benzene ring thereof
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?9 contam nation due to an adhesive residue was found on the wafer
surface. The results are shown in Table 1. Exanple 3 5 A surface protecting
adhesive filmfor a sem conductor wafer was obtained in the sane manner as
in Exanple 1 except that, the filmproduced in Preparation Exanple 3 of a
Base Filmas a base filmis used, in preparing the adhesive agent coating
sol ution of Exanple 7, an added quantity of an enul sion produced in
Preparati on Exanple 2 of an Acrylic Acid Al kyl Ester Copolyner 10 was 20
wei ght parts, a quantity of a cross-linking agent added was 2.4 wei ght
parts and the thickness of the adhesive |ayer was 35 um An adhesive force
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sem conductor wafer was obtained in the same manner as In I except
that, in producing the adhesive agent 10oati ng sol uti on of Exarrpl e 1, an
added guantity of an emul sion 30 produced in Preparation Exanple 2 of an
Acrylic Acid Al kyl Ester Copolynmer was 120 wei ght parts and a quantity of a
cross-1linking agent added was 1.76 weight parts. An adhesive force of this
adhesive filmwas 3.3 N125 mm Using the thus-obtained adhesive film a
practical performance evaluation was carried out according to the foregoing
met hod. After the grinding processing 36 has been conpleted, 3 wafers out
of 10 wafers were found broken. I'n the rest 7 wafers, after the adhesive
filmhas been peel ed away, no contam nati on was 31 observed on the wafer
surface, but contam nation due to penetration of grinding water was
observed |n 35% of chr i ps i n nunber based on the tot al nunber of chips. The
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3p Conparative Exanple 5 A surface protecting adhesive filmfor a

sem conduct or wafer was obtained in the sanme manner as in Exanple 1 except
that a quantity of a crosslinking agent added was 0.03 wei ght part. An
adhesive force of this adhesive 35 filmwas 4.9 N125 nm Using the

t hus- obt ai ned adhesive film a practical performance evaluation was carried
out according to the foregoing nmethod. 32 After the grinding processing
has been conpl eted, no breakage or crack was detected on the wafer back
side. After the adhesive filmhas been peel ed away, no contam nation due to
penetration of grinding water was found on the wafer surface but
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on th& t ot 4P’ r’i&%‘é’r"eﬂf chi ps The results are shown in Table 3. 25
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) : yl group, an epoxy group, an amino

group and the like. As a method for introducing the functional group capable
of reacting with a cross-linking agent into the copolymer, a method of
copolymerizing a comonomer having such a functional group at the time of
polymerizing an acrylic acid alkyl ester copolymer has generally been used.

As for comonomers having the above-described functional group, there

30 can be exemplified, for exampte, acrylic acid, methacrylic acid, itaconic acid,

2

[$}]

mesaconic acid, citraconic acid, fumaric acid, maleic acid, an itaconic acid
monoalkyl ester, a mesaconic acid monoalky! ester, a citraconic acid monoalky|
ester, & fumaric acid monoalkyl ester, a maleic acid monoalky! ester, 2-
hydroxyethyl acrylate, 2-hydroxyethy! methacrylale, acrylamide, methacrylamidae,

35  tert-butylaminoethyl acrylate, tert-butylaminoethyl methacrylate and the like.
One type of the above-described comonomers may be copolymerized
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10 tenperature (Tb) in a range of fromnore than 5Cto 50C at which tan S
of a dynam c viscoelasticity of the polyner(B) is maximzed , and fromO.1
wei ght part to 10 weight parts of a cross-linking agent (C) having two or
nore crosslinkable functional groups in a nolecule based on 100 wei ght
parts of total anount of the polymers (A) and (B), wherein the thickness of
the adhesive layer 15 is from5 umto 50 um 2. The surface protecting
adhesive filmfor the sem conductor wafer according to claiml , wherein a
storage elastic nodules (E') at 25C of at | east one |layer of a base filmis
from1l x 108 to 1x 10' Pa and thickness of the bas 20 e filmls from 10 um

to 120 Umyiid.ind 16 osblisbaCH A AbRCHbRS ,Eaﬂ;tﬁ%\seorw n@estty\e & maacg guctor

waf er accg d|n to c ai erein are
acrylic am%i) ‘éﬂq?(”ﬁa gﬁn g'BT)ola% escsibog Al o?’@&?mﬁfg rret‘\hoﬂiuaffﬁ'r‘y a

sem condu(:‘l"BP'VWéF@P“%'bn@Wréifﬁg %fh@est%meoﬁesappbq'l pgmanguef aceiny o4 ect i ng
adhesi ve ﬂmbhvﬁﬂrmthe<seﬁbm0ﬂdu@t0ﬁgwaﬁeﬁ<ﬁﬂsﬁhnmsgk@uht %OE&MBQdSQrface of

the seg C@mét%mmvw sl o\ Aol 1 G o Go LKL i hEY O totglr@@é.w al
non-circujt- {Tewmclfllra%ceavp mattgrqa'se g}on uct or v@ ﬁi} eel'l ng away
the surface. pro eC ResiNecrerP o ?ﬂ@ 'CAHELE b@?&? %ﬁ*%?“ermhereln
t he surfaEéLﬁPﬁh%G?Vﬁﬁ’aﬂﬁ@§PWé”¥P?ﬁﬂ96Fcﬁﬁ@m§9ﬁﬂ90ﬁdﬂePUmam$ﬁemgatcor di ng
to cl ai m derven@nersunisedlichrhakopr tieetmengompddindn tor bk dtsieed.conduct or

wafer. 38 .AY ablording™o the pbseht ikMentioh inYaddMibn - tBthaih méhdmérs-viiery - Al 2
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comonomers having a functional group capable of reacting with a cross-tinking
agent, a specified comonomer (hereinafter referred to also as polymerizable
surfaclant) having characteristics of a surfactant may be copolymerized. The
polymerizable surfactant nol only has a property of copolymerizing with the

15 main monomer or the comonomer but also has an action as an emuisifying
agent when emuision polymerization is conducted. When an adhasive polymer
which has been emulsion polymerized by using the polymerizable surfactant is
used, contamination on the wafer surface due to the surfactant is not ordinarily
generated. Further, even when a small contamination resulting from the

20  adhesive layer occurs, it is possible to easily remove such confamination by
washing the wafer surface.

As for such polymerizable surfactants, thera can be exemplified, for
example, a surfactant produced by introducing a polymerizable 1-propenyl
group in a benzene ring of polyoxyethylene nonylphenyl ether (product names:

25 AQUALON RN-10, AQUALON RN-20, AQUALON RN-30, AQUALON RN-50 or
the like, manufactured by Daiichi Kogyo Seiyaku Co., Ltd.), another surfactant
produced by introducing a polymerizable 1-propenyl group in a benzene ring of
an ammonium salt of a sulfuric acid ester of a polyoxyethylene nonylphenyl
other (product names: AQUALON HS-10, AQUALON HS-20 or the like,

30 manufactured by Daiichi Kogyo Seiyaku Co., L1d.), another surfactant which has
8 polymerizable double bond in the molecuie and is of a sulfosuccinic acid
diester type (product names: Latemul S-120A, Latemul S-180A or the like,
manufactured by Kao Corporation) and the like.

Further, optionally, a monomer having a self-cross-linkable functional

35 group such as acrylic acid glycidyl, methacrylic acid glycidyl, isocyanate ethyl
acrylate, isocyanate ethyl methacrylate, 2-(1-aziridinyl) ethyl acrylate, 2-(1-
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aziridinyl) ethyl methacrylate, or the like, a monomer having a polymerizable
double bond such as vinyl acetate, acrylonitrils, styrene or the like, a
multifunctional monomer such as divinyl benzene, acrylic acid vinyl, methacrylic
acid vinyl, acrylic acid allyl, methacryiic acid allyl or the like and other
5 representative commercial products in which, for example, both ends are a
diacrylate or a dimethacrylate and a structure of a main chain is propylene
glycol (product names: PDP-200, PDP-400, ADP-200 and ADP-400,
manufactured by Nippon Oils and Fats Co., Ltd.), tetramethylene glycol
(product names: ADT-250 and ADT-850, manufactured by Nippon Qils and Fats
10 Co., Ltd.) and a mixture thereof (product namas: ADET-1800 and ADPT-4000,
manufactured by Nippon Oils and Fats Co., Ltd.), and the like may be
copolymerized. When a monomer having a self-cross-linkability, a monomer
having a polymerizable double bond and a multifunctional monomer are
copolymerized, a guantity of these monomers to be usad is preferably from 0.1

13 weight % to 30 weight % of all monomers
As for a polymerization reaction mechanism when polymerizing an
acrylic acid alkyl ester, there can be exemplified, for example, a radical
polymerization, an anionic polymerization, a cationic polymerization or the like.
When a production cost of the adhesive agent, an effect of the functional group
20 of the monomer, an effect of an ion on the semiconductor surface and the like
are taken into consideration, it is preferable to perform polymerization by the
radical polymerization. When polymerization is carried out by a radical
polymerization reaction, as for a radical polymerization initiator, there can be
exemplified, for example, an organic peroxide such as benzoyl peroxide, acety!

2o peroxide, isobutyryl peroxide, octanoyl peroxide, di-tertiary-butyl peroxide, di-
tertiary-amyl peroxide or the like, an inorganic peroxide such as ammonium
persulfate, potassium persulfate, sadium persulfate or the like, an azo
compound such as 2,2'-azobisisobutyronitrile, 2,2'-aziobis-2-methylbutyronitrile,
4,4'-azobis-4-cyanovaleric acid ar the like,

30 Further, when the acrylic acid alkyl ester copolymer is polymarized by

the radical polymerization reaction, for the purpose of adjusting a molecular
weight of the adhesive polymer or the like, a chain transfer agent may be added
as needed. As for such chain transfer agents, exemplified are mercaptans suc
h as, for example, tertiary-dodecyl mercaptan, normal-dodecyl mercaptan and
35 the like. A quantity of the chain transfer agents to be used is in a range of
from 0.001 weight part to 0.5 weight part based on 100 weight parts of total
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hich a copolymer having a high molecular weight can be obtained.
When the acrylic acid alkyl ester copolymer is polymerized by the
10 emulsion polymerization method, among the foregoing radical polymerization
initiators, a water-soluble inorganic peroxide such as ammonium persuifate,
potassium persulfate, sodium persulfate or the like, a water-soluble azo
compound having a carboxyl group in the molecule such as 4,4'-azobis-4-
cyanovaleric acid or the like is preferable. When the offect of the ion on the
15 surface of the semiconductor wafer is taken into consideration, a ammonium
persulfate, azo-compound having a carboxyl group in the molecule such as 4,4'-
azobis-4-cyanovaleric acid or the like is more preferable. An azo-compound
having a carboxy! group in the molecule such as 4,4'-azobis-4-cyanovaleric acid
or the like is particularly preferable.
20 Two types of tha acrylic acid alkyl ester copolymers (A) and (B) can be
polymerized together as described above. Subsequently, a controlling method
of temperatures (Ta) and (Tb) at which tan & of a dynamlc viscoaelasticity
(hereinafter referred to also as tan 8) is maximized will be described.
Temperatures (Ta) and (Tb) at which tan § is maximized is influenced by factors
25  such as (1) a lype and quantity of a main monomer to be used which constitute
an acrylic acid alkyl ester copolymer and (2) a type and quantity of a
comonaomer having a functional group capable of reacting with a cross-linking
agent.
Firstly, as for (1) the type and quantity of the main monomer to be used
30  which constitute an acrylic acid alky! ester copolymer, in a case in which an
acrylic acid atkyl ester is used as the main monomer, if an alkyl group has from
3 to 8 carbon atoms, a temperature at which tan § is maximized tends to be
lower as the numbaer of carbon atoms of an alkyl group becomes higher. On
the other hand, when an alkyl group contains 9 or more carbon atoms, a
35 temperature at which tan & is maximized tends to be higher as the number of
carbon atoms of an alkyl group becomes higher. Further, in a case in which a
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main monomer becomas larger, the influence on a temperature at which tan 6 is
maximized becomes larger.

b Therefore, ordinarily, in order to obtain the acrylic acid alkyl ester
copolymer (A) in which a temperature (Ta) at which tan § is maximized is in a
refatively low range of from -50 to 5°C, it is preferable to mainly use acrylic
acid alkyl esters sach having an alkyl group having from 4 to 8 carbon atoms
such as n-butyl acrylate, 2-ethylhexyl acrylate, octy! acrylale and the like. In

10 order to obtain the acrylic acid alkyl ester copolymer (B) in which a temperaturs
(Tb) at which tan & is maximized is in a relatively high range of from 5°C to
§0°C, it is preferable to mainly use acrylic acid alkyl esters each having an
alkyl group having from 2 to 3 carbon atoms such as methyl acrylate, ethyl
acrylate and the like, and methacrylic acid alkyl ethers.

15 As for (2) the type and quantity (copolymerized quantity) of the
comonomer to be used which has the functional group capable of reacting with
a cross-linking agent, among such comonomers which are ordinarily used, a
comonomer having a carboxyl group such as acrylic acid, methacrylic acid,
itaconic acid or the like, or another comonomer having an amide group such as

20 acrylamide, methacrylamide, N-methyloi-acrylamide or the like, any one of
methacrylic acid esters such as methacrylic acid glycidyl, 2-hydroxyethyl
methacrylate and the like is used. |In this case, a temperature at which tan &
is maximized ordinarily tands to shift to the side of high temperature. Such
tendency is increased more, as the quantity to be used (copolymerized

25 quantity) becomes larger.

Accordingly, ordinarily, in order to obtain the acrylic acid alkyl ester
copolymer (A) in which a (Ta) at which tan 5 Is maximized is in a8 relatively low
range of from -50°C to 5°C, It is preferable that an added quantity of the
comonomer having a tendency to shift the temperature at which tan & is

30 maximized to the side of high témperature becomes relatively small in the range
described sbove. Further, in order to obtain the acrylic acid alkyl ester
copolymer (B) in which a temperature (Tb) at which tan 5 is maximized is in a
relatively high range of from more than 5°C to 50°C, it is preferabie that an
added quantity of the comonomer added becomes relatively large in the range

35 described above.

As for cross-linking agents (C) having more than two cross-linkable
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polyglycidyl ether, polyglycer polyglycrdyl ether, pentaarythritol polyglycidyl

ether, diglycerol polyglycidyl ether, glycerol polyglycidyl ether, neopentyl glycol
5 diglycidyl ether, rescorcin diglycidyl ether or the like, an aziridine-type cross-
linking agent such as trimethylolpropane-tri-p-aziridinyl propionate,
tetramethylolmethane-tri-B-aziridinyl propionate, N,N'-diphenylmethane-4,4'-
bis(1-aziridine carboxylamide), N,N'-hexamethylene-1,6-bis(1-aziridine
carboxylamide), N,N'-toluene-2,4-bis{1-aziridine carboxylamide),
10 trimethylolpropane-tri-B-(2-methylaziridine) propionate or the like, an
isocyanate-type cross-linking agent such as tetramethylene diisocyanate,
hexamethylene diisocyanate, a tri adduct of toluens diisocyanate of
trimethyloipropane, polyisocyanate or the like. These cross-liking agents may
be used either alone or in mixtures thereof.

15 Further, when the adhesive agent is of an aqueous type such as an
aquoous solution, an emulsion in which water is a medium or the like, an
isocyanate-type cross-linking agent is fast in a deactivating speed due to a side
reaction with water whereupon a cross-linking reaction with the adhesive agent
polymar does not sufficiently progress in some cases. Therefore, in such

20 cases, it is preferable that, among the above-described cross-linking agents, an
aziridine-type or epoxy-type cross-linking agent is used.

A content of the cross-linking agent (C) having two or more cross-
linkable functional groups in a molecule according to the present invention is
from 0.1 weight part to 10 weight parts based on 100 weight parts of total

25 amount of two kinds of the foregoing acrylic acid alkyl ester copolymers (A) and
(B). When the content of the cross-linking agent is small, a cohesive force
becomes insufficient to cause contamination on the wafer surface in some
cases. When the content thareof is unduly large, the adhesive force between
the adhesive layar and the wafer surface becomes weak and an adhesion of the

30 adhesive layer against the unevenness of the wafer surface becomes
insufficient whereupon water or grinding dust comes in therebetween during
back grinding processing on the wafar 1o break the wafer or contaminate the
wafer surface due to the grinding dust in some cases.

In the adhesive agents which constitute the adhesive layer according to

35 the present invention, in addition to two kinds of the foregoing acrylic acid
alkyl ester copolymers (A) and (B), and the cross-linking agent (C) having two
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wU3dYso! 60erore cross-linkable functional groups in a molecule, in order to adjust
adhesjon characteristics, a tackifier of, for example, a rosin type, terpene resin
type or the like, any of various types of surfactants or the like may
appropriately be contained. Further, when the adhesive agent polymer 15 an
emulsion, film-forming agents such as diethylene glycol monobutyl ether or the
like may appropriately be contained to such an extent as does not affect an
object of the invention.

[$1]

Thickness of the adhesive layer of the surface protecting adhesive film
for the semiconductor wafer in the present invention has an affect on an
10 adhesjon, an adhesive force and the like against the unevenness of the wafer
surface. When the adhesive layer is thin, an adhesion against the unevenness
of the wafer surface becomes insufficient and grinding water is entered through
the unevenness to contaminate the wafer surface in some cases. When the
adhesive layer is thick, there is a case in which the adhesion is increased
15 against the unevenness of the wafer surface whereupon the adhesive force
becomes high and deterioration of warkability at the time of pealing is induced.
In view of these features, the thickness of the adhesive layer is preferably from

5 um to 50 pm and more preferably from 10 um to 40 um.
According to the present invention, when the adhesive layer is formed
20 on one surface of the base film, a method can be used to form the adhesive
layer in which the above-described adhesive agent is allowed to be in a form of
a solution or an emulsion liquid (herelnafter generaily referred to also as
adhesive agent coating solution) and, then, the resulting coating solution is
coated sequentially with a known method such as a roll coater, a comma coater,

o
[e1]

a die coater, a Meyer bar coater, a raverse roll coater, a gravure coater and the
like and dried. On this occasion, in order fo protect the thus-coated adhesive
layer from contamination or the like derived from an environmental factors, a
release film is preferably applied on a surface of the thus-coated adhesive layer.
Alternatively, a method (hereinafter referred to also as transfer method) may be
30 adopted, in which, on one surface of the release film, the adhesive agent
coating solution is applied in accordance wilh the above-described known
method and, then, dried to form the adhesive layer and, thereafter, using an
ordinary method such as a dry lamination method or the like, the above-
described layer is transferred to the base film having a storage elastic modulus
35 at 25°C in the above range.
A drying condition at the time of drying the adhesive agent coating

18
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solution is not limited to any particular type but, ordinarily, it is preferable to
dry the adhesive agent coating solution at a temperature in a range of from
80°C to 300°C for a period of from 10 seconds to 10 minutes. Further, it is
more preferable to dry it at from 80°C to 200°C for a period of from 15 seconds
5 10 8 minutes. In the present invention, in order to promote the cross-linking
reaction between the cross-linking agent and the acrylic acid alkyl ester
copolymer to a great extent, after the adhesive agent coating solution is
completely dried, the surface protecting adhesive film for the semiconductor
wafer may be heated at a tempsrature of from 40°C to 80°C for a period of from
10 5 hours 1o 300 hours. '

As for the adhesive force of the surface protecting adhesive film for the
semiconductor wafer according to the present invention, when a protective
property (prevention of penetration of grinding water, grinding dust and the like)
of the wafer at the time of a grinding processing on the wafer back side or the

15 like and peeling workability at the time of peeling the adhesive film away from
the wafer are taken into consideration, the adhesive force measured on the
basis of a method defined in JIS Z0237 using SUS304-BA plate as an adherend,
at a peeling rate of 300 mm/min and a peeling angle of 180° is preferably within
a range of from 1 N/25 mm to 15 N/25 mm. When the adhesive force is low,

20 grinding water or the like sometimes makes penetration during the grinding
processing on the wafer back side to break the wafer, to cause contamination
on the wafer surface derived from the grinding dust or the like. When the
adhesive force becomes high, the peeling workability is deteriorated to cause
the wafer breakage at the time of peeling the adhesive film away from the wafer

25 surface in some cases. Than, the adhesive force is more preferably in a range
of from 1.5 N/25 mm 1o 12 N/25 mm.

Next, a surface protecting method for the semiconductor wafer
according to the present invention will be described. The surface protecting
method for the semiconductor wafer according to the present invention is a

30  protecting mothod of the semiconductor wafer at the time of grinding a back
side of the semiconductor wafer; on this occasion, the protecting method is
characterized in that the above-described surface protecting adhesive film for
the semiconductor wafer is used and the surface protecting adhesive film is
applied to the surface of the semiconductor wafer for protection.

35 Details thereof will be described below. Firstly, the release film is
peeled away from the adhesive layar of the surface protecling adhesive film for
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' expose a surface of the adheswe layer and, then, the adhesive film is applied
to the surface of the semiconductor wafer via the thus-exposed adhesive layer.
Next, the resulting semiconductor wafer is fixed on a chuck table of a grinding
5 machine or the iike via the base film layer of the adhesive film to grind a back
side of the semiconductor wafer. After such grinding is completed, the
adhesive film is peeled away from. In some cases, after such grinding of the
wafer back side is completed but before the adhesive film is peeled away from,
a chemical treatment step such as a chemical etching step, polishing step or
10 the like on the wafer back side may bhe conducted. Further, after the adhesive
film is peelad away from, cleaning processing such as water rinsing, plasma
. washing or the like may be carried out on the surface of the semiconductor
wafer.
In operations such as the grinding processing, the chemical treatment
15 and the like on the back side of the semiconductor wafer in such a series of
steps, the semiconductor wafer, which ordinarily has a thickness of from 500
um to 1000 um before grinding the back side, is thinned to be ordinarily from
200 um to 600 pm and sometimes to about 20 pm by means of grinding,
depending on the type of the semiconductor wafer and the like. When the
20 thickness of the wafer comes down to be less than 200 pum, in order to enhance
strength of the wafer by removing a damaged layer genearated on the back side
of the wafer by mechanical grinding, a step of conducting a chemical treatment
aon the back side is carried out subsequent to a step of grinding the back side in
some cases. The thickness of the semiconductor wafer before grinding is
25 appropriately determined depending on lhe size, the type and the like of the
semiconductor wafer, whereas the thickness thereof after grinding is
appropriately determined depending an the size of the chip, the type of the
circuit and the like.
An operation of applying the adhesive film to the semiconductor wafer is
30 sometimes carried out manually but generally by an apparatus referred to as an
automatic taping machine to which an adhesive film in a roll state is atiached.
As for such automatic taping machines, there can be exemplified, for example,
ones which are available as Model: ATM-1000B and Model: ATM-1100
manufactured by Takalori Corporation, Model: STl series manufactured by
35 Teikoku Seiki Kabushiki Kaisha, Model: DR-85001l manufactured by Nitto Saiki
Inc. and the like.
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90°C) is used before an operation of applying the adhesive film thereon is
carried out,
The method of grinding processing on the back side of the
10 semiconductor wafer is not particularly limited and a known grinding method
such as a through-feed method, an in-faed method or the like can be adopted.
A grinding operation is preferably carried out while the semiconductor wafer
and a whetstone are being watered to cool them. Examples of grinding
machines for performing grinding processing on the back side of the wafer
include ones which are available as Model: DFG-860 manufactured by Disco
Corporation, as Model: SVG-502MKII8 manufactured by Okamoto Machine Tool
Works. Ltd., as Model: Polish grinder PG200 manufactured by Tokya Seimitsu
Co., Ltd. and the like.
After the back grinding processing on the surface of the semiconductor
20 wafer, the chemical treatment and the like on the back side of the
semiconductor wafer are completed, the adhesive film is pealed away from the
wafer surface. An operation of peeling the adhesive film away fram the wafer
surface may somatimes be conducted manually, but generally conducled by an

—
[$2]

apparatus referred to as an automatic detaping machine. As for such

25 automatic detaping machine, thers can be exemplified, for example, one which

are available as Model: ATRM-2000B and Model: ATRM-2100 manufactured by

Takatori Corporation, as Model: STP series manufactured by Teikoku Seiki

Kabushiki Kaisha, as Model. HR-85001l from Nitto Seiki Inc. and the like.

Further, as for an adhesive tape referred to as a detaping tape used at the time

30 of peeling the surface protecting adhesive film for the semiconductor wafer

away from the semiconductaor wafer surface by the automatic detaping machines,

for example, Highland-mark Filament Tape No. 897 available from Sumitomo 3M
Limited and the iike can be used.

Peeling the surface protecting adhesive film for the semiconductor wafer

35 away from the surface of the semiconductor wafar is carried out at a room

temperature of ordinarily around 25°C; however, when the above-describad
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(3s lpjasmdlOffehi®g(9r thkOUke, Odnd so forth. iIn the wet washing, ultrasonic
washing may be used in combination. These washing methods are properly
selected depending on the contamination condition on the wafer surface.

As semiconductor wafers to which the protecting method for the
semiconductor wafer according to the present invention are applicable,
exemplified are not only a silicon wafer but also wafers made of, for example,
germanium, gallium-arsenic, gallium-phosphor, gallium-arsenic-aluminum and
the like.

EXAMPLES

The present invention Is now more specifically described with reference
to preferred embodiments. In all of Examples and Comparative Examples to
be described below, preparation, coating and grinding of a back side of a
semiconductor wafer and the like have been carried out in an environment in
which cleanliness of Class 1000 or less defined in the U.S. Federal Standard
No. 209b is maintained. The present invention is not limited to these
Examples. Further, in Examples, measuring methods of various feature values
and practical performance evaluation have been measured in accordance with
methods to be described below.

1. Measuremeant of an Adhasive Force (N/25 mm)

An adhesive force is measured according to a method regulated in JIS
20237-1991 except for conditions defined below. The adhasive film obtained
by each of Examples or Comparative Examples was applied to a surface of a 5
ecm x 20 cm SUS304-BA plate (defined in JIS G4305-1991) via the adhesive
layer thereof, and then it was i8ft to stand for 60 minutes in an atmosphere of
23°C. Thereafter, while an edge of a sample was tightly held, the adhesive
film was peeled away from the surface of the SUS304-BA plate with a pesl
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2. Storage Elastic Modulus of a Base Film (E') (Pa)
5 A base film to be used for a surface protecting adhesive film for a

{
{
1>*{

semiconductor wafer was cut to prepare a rectangular sample (machine
direction: 30 mm, direction perpendicular to a machine direction: 10 mm). A
storage elastic modulus (machine direction) at 10 to 100°C was measured using
a dynamic viscoelasticity measuremeant apparatus (Model: RSA-Il, manufactured

10 by Rheometrics Co., Ltd., using an attachment for film tensile testing). A
measurement frequency was 1 Hz. 8pecifically, the sample was set in the
dynamic viscoelasticily measurement apparatus at 25°C via the above-
described attachment to measure the storage elastic moduius while it was
heated from 10°C up to 100°C at a heating rate of 3°C/min. After such

15 measurement has been completed, from such a storage elastic modulus:
temperature curve at a teamperature range of from 10°C to 100°C as obtained, a
storage elastic modulus (E’) (Pa) at 25°C was adopted as the storage elastic
modulus in the present invention.

20 3. Temperature (°C) at which tan & of a dynamic viscoelasticity of a polymer is
maximized

Under the same application conditions (drying temperature, drying time

and the like) as those of Examples and Comparative Examples when each

adhesive Iayér was prepared, an emulsion of each polymer shown in the

25 Preparation Examples was applied onto a release-treated surface of a PET film

(product name: Purex, manufactured by Teijin Dupont Films Limited) in which

one surface thereof was subjected to silicone treatment, and dried to obtain a

polymer layer having a thickness of 30 pum afler drying. The thus-obtained

polymer layers are overlapped in sequence with each other to produce a sample

30 of a polymer in a fiim state having thickness of about 1 mm. From this sample

in a film state, an adhesive layer in a disc-type shape having a diameter of

about 8 mm and a thickness of about 1 mm was formed to obtain a sample.

Storage elastic modulus of this sample is measured at a frequency of 1 rad/sec

and in a temperature range of from -70°C to 70°C by using a dyn>amic

35 viscoelasticity measurement apparatus (Model: RMS-800, manufactured by

Rheometrics Co., Ltd.; using an attachment of paralliel plate (parallel disc) type
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10%| & ()ﬁa{vlng’]-go/@ilaﬁ‘;e@:)r'éf 8 mm). Specifically, the sample was set in the dynamic
viscoelasticity measurement apparatus at 25°C via the above-described
atltachment of parallel plate type to measure tan § of a dynamic viscoelasticity
while it is lowered from 25°C up to -70°C at a lowsering rate of 3°C/min and it is
5 heated from 25°C to 70°C at a heating rate of 3°C/min to measure tan & of a
dynamic viscoelasticity. After such measurement has been completed, from
such tan 3-temperature curve at a temperature range of from -70°C to 70°C as

ohtained, a temperature at which tan 5 was maximized was read.

10 4. Practical Performance Evaluation
< Semiconductor Wafer for Evaluation >
The semiconductor silicone wafer (diametar: 200 mm, thickness: 725 um,
Dicing street hollowed in a shape of grooves (width of groove: 40 um, depth of
groove: 50 um) was provided in a grid shape at an interval of 10 mm lengthwise
15 and breadthwise respectively, which reached to the outer part portion) in which
a semiconductor integrated circuit was formed on its surface was used.

< Evaluation Method >
The surface protecting adhesive film for the semiconductor wafer
20 obtained in each of Examples or Comparative Examples was applied on the
above-described surface of the semiconductor silicone wafer via the adhesive
tayer thereof and, then, the back side of the silicon wafer was subjected to
grinding processing by wusing a grinding apparatus (Model: DFG860,
manufactured by Disco Corpoaration) while the back side was being watered for
25 cooling down to allow a thickness of the wafer to be 150 um after grinding.
Grinding processing was carried out on 10 pieces of the semiconductor silicone
wafers for every adhesive flim. After the grinding processing has been
completed, in regard to the semiconductor silicone wafers, the wafer back side
which has been subjected to the grinding processing was observed to inspect
30  whaether any breakage or crack was generated therein.

Next, the above-described adhesive film was peeled away by using an
automatic detaping machine (Model: HR-85001l, manufactured by Nitto Seiki
Inc., Detaping tape used: Highland-mark Filament Tape No. 897 (manufactured
by Sumitomo 3M Limited) chuck table temperature: 50°C) from the surface of

35 the sijlicon wafer on which any breakage or crack was not observed. The
surface of the silicon wafer after the adhesive fllm was peeled away was
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10%| & ()ef{larged to a range of from 50 times to 1000 times by using an optical
microscope (product name: OPTIPHQT2, manufactured by Niken Corporation)
and, then, presence of contamination due to penetration of grinding water and
contamination due to an adhesive residue against all chips on the surface of
5 the silicon wafer was observed: on this occasion, when one point or more of
contaminations were detected, the related chips are counted as "contaminated
chips” and, then, as for contamination due to penetration of grinding water and
contamination due to an adhesive residue, a contamination generated ratio Cr

was calculated in accordance with the following expression:

10
Cr=(C2/C1) x 100
Wherein Cr represents contamination generated ratio (%); C1 represonts the
number of observed chips; and C2 represents the number of contaminated chips.
15 Further, when the adhesive film was peeled using a surface protecting

detaping machine, a peeling property was observed. When no errors occurred
in any of a series of automatic peeling operations at the detaping machine, the
rejated wafer was determined as acceptable for being peetable. On the other
hand, in case there may occur peeling problems at the detaping machine such

20  that the surface protecting adhesive film was not peeled and remained on the
wafer surface, it was partly extended and broken, the wafer was detached from
the chuck table while in operation and broken, or the like, thereby deteriorating
workability, the related wafer was determined as unacceptable.

25 < Preparation of a Base Film >
Preparation Example 1 of a Base Film
One surface (a side on which an adhesive layer will be formed) of a
polyethylene terephthalate film (hereinafter referred to also as PET) (product
name: Tetoron, manufactured by Teijin Dupont Films Limited) having a
30  thickness of 50 pym was subjected to corona discharge treatment. The storage
elastic modulus (E') of this PET film was 5.0 x 10° Pa.

Preparation Example 2 of a Base Film
One surface (a side on which an adhesive layer will be formed) of a
35 polyethylene naphthalate film (hereinafter referred to also as PEN) (product
name: Teonex, manufactured by Teijin Dupont Films Limited) having a thickness
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6f{75 um was subjected to corona discharge treatment. The siorage slastic
modulus (E') of this PEN film was 6.1 x 10° Pa,

Preparation Example 3 of a Base Film

5 While an ethylene-vinyl acetate copolymer resin (hereinafter referred to
also as EVA) having a Shore D hardness of 35 (product name: EVAFLEX P-
1905 (EV460), manufactured by Dupont-Mitsui Polychemicals Co., Ltd; vinyl
acetate unit content: 19 weight %) was subjected to an extrusion-molding using
a T-die extruder as a film having a thickness of 70 pm, It was pressed and

10 laminated with a surface of PET film (product name: Tetoron, manufactured by
Teijin Dupont Films Limited) prepared in advance having a thickness of 50 um
in a side which was subjected to corona discharge treatment to obtain an
EVA/PET laminated film having a total thickness of 120 um. Next, a surface (a
side on which an adhesive layer will be formed) of a PET film side of the thus-

16  obtained laminated film was subjected to corona discharge treatment. The
storage elaslic modulus (E’) of the PET film used here was 5.0 x 10° Pa.

Preparation Example 4 of a Base Film
While an EVA resin (hereinafter referred to also as EVA) having a Shore
20 D hardness of 35 (product name: EVAFLEXP-1905 (EV480), manufactured by
Dupont-Mitsui Polychemicals Co., Ltd.; vinyl acetate unit content: 19 weight %)
was subjected to an extrusion-molding using a T-die extruder as a film having a
thickness of 100 um, it was pressed and laminated with a surface of PET film
(product name: Tetoron, manufactured by Teijin Dupont Films Limited) prepared
25 in advance having a thickness of 15 um in a side which was subjected to corona
discharge treatment to obtain an EVA/PET laminated film having a total
thickness of 115 um. Next, a surface (a side on which an adhesive layer will
be formed) of a PET film side of the thus-obtained laminated film was subjected
to corona discharge treatment. The storage elastic modulus (E') of the PET
30 film used here was 5.0 x 10° Pa.

< Preparation of an Acrylic Acid Alkyl Ester Copolymer >
Preparation Example 1 of an Acrylic Acld Alkyl Ester Copolymer
A polymerization reaction vessel was charged with 135 weight parts of
35 deionized water, 0.5 weight part of ammonium persulfate, 73.25 weight parts of
butyl acrylate, 11 weight parts of methyl methacrylate, 9 weight parts of 2-
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ydroxyethyl methacrylate, 2 weight parts of methacrylic acid, 1 weight part of
acrylamide as a polymerization initiator, 3 weight parts of methacrylic acid
glycidyl as a self-cross-linkable (cross-linkability in .a molecule) comonomer,

and 2?2 weight parts of a compound of a polyoxyethylene nonylphanyl ether

n

(ethylene oxide: 20 moles) with a polymerizable 1-propenyl group intoroduced
in a benzene ring thereof (product name: Aquaron RN-20, manufactured by
Daiichi Kogyo Seiyaku Co., Ltd.) as a surfactant. The resultant mixture was
subjected to an emulsion polymerization with stirred at 70°C for 9 hours to
obtain a water emulsion. The thus-obtained water emuision was neultralized
10 with 14 weight % of squeous ammonia to obtain an emulsion (an adhesive
agent) comprising an acrylic acid alkyl ester copolymer resin having a solid
content of 40 weight %. The temperature at which tan 8 of a dynamic
viscoelasticity is maximized of this acrylic acid alkyl ester copolymser resin was
-10°C.
15
Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer
A polymerization reaction vessel was charged with 135 weight parts of
deionized water, 0.5 weight part of 4,4'-azobis-4-cyanovaleric acid (product
name: ACVA, manufactured by Otsuka Chemical Co., Ltd.), 57.25 weight parts
20 of butyl acrylate, 30 weight parts of methyl methacrylate, @ waight parts of 2-
hydroxyethyl methacrylate, 2 weight parts of methacrylic acid, 1 weight part of
acrylamide as a polymerization initiator, and 0.75 weight part of ammonium salt
of sulfuric acid ether of polyoxyethylene nonylphenyl ethar (average number of
moles added of ethylene oxide: approximately 20) with a polymerizable 1-
25 propeny! group introduced in a benzene ring (product name: Aquaron HS-20,
manufactured by Daiichi Kogyo Seiyaku Co., Ltd) as a water-soluble
comonomer. The resultant mixture was subjected to an emulsion
polymerization with stirred at 70°C for 9 hours to obtain a water emulsion.
The thus-obtsined water emulsion was neutralized with 14 weight % of aqueous
30 ammonia to obtain an emulsion (an adhesive agent) comprising an acrylic acid
alkyl ester copolymer resin having a solid content of 40 weight %. The
temperature at which tan & of a dynamic viscoelasticity is maximized of this
acrylic acid alkyl ester copolymer resin was 12°C.

a5 Preparation Example 3 of an Acrylic Acid Alkyl Ester Copolymer
A polymarization reaction vessel was charged with 135 weight parts of
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deionized water, 0.5 weaight part of ammonium persulfate, 91 weight parts of 2-
ethylhexyl acrylate, 3 weight parts of 2-hydroxyethyl methacrylate, 2 weight
parts of methacrylic acid, 1 weight part of acrylamide, 0.1 weight part of
normal-dodecyl mercaptan as a polymerization initiator, 3 weight parts of

5 methacrylic acid glycidyl as a self-cross-linkable (cross-linkability in a
molecule) comonomer, and 2 weight parts of a compound of a polyoxyethyfene
nonylphenyl ether (ethylene oxide: 20 moles) with a polymerizable 1-propsnyl
group introduced in a benzene ring thereof (product name: Aguaron RN-20,
manufactured by Daiichi Kogyo Seiyaku Co., Ltd.) as a surfactant. The resultan

10t mixture was subjecied to an emulsion polymerization with stirred at 70°C
for 9 hours to obtain a water emulsion. The thus-obtained water emulsion was
neutralized with 14 weight % of agusous ammonia to obtain an emulsion (an
adhesive agent) comprising an acrylic acid alkyl ester copolymer resin having a
solid content of 40 weight %. The temperature at which tan é of a dynamic

15 viscoelasticity is maximized of this acrylic acid alkyl ester copolymer resin was
-3g9°C.

Comparative Preparation Example 1 of an Acrylic Acid Alkyl Ester Copolymer
A polymerization reaction vessel was charged with 135 weight parts of
20 deionijzed water, 0.5 weight part of ammonium persulfate, 42 weight parts of
ethyl acrylate, 30 weight parts of methy! methacrylate, 16 weight parts of butyl
acrylate, 9 weaight parts of 2-hydroxyethyl methacrylate, 2 weight parts of
methacrylic acid, 1 weight part of acrylamide as a polymerization initiator, and 2
weight parts of a compound of a poiyoxyethylene nonyiphenyl ether (ethylene
25 oxide: 20 moles) with a polymerizable 1-propeny! group intoroduced in a
benzene ring thereof (product name: Aquaron RN-20, manufactured by Daiichi
Kogyo Seiyaku Co,, Ltd,) as a surfactant. The resultant mixture was subjected
to an emulsion polymerization with stirred at 70°C for 9 hours to obtain a water
emulsion. The thus-obtained water emulsion was neutralized with 14 weight %
30 of aqueous ammonia to obtain an emuision (an adhesive agent) comprising an
acrylic acid alkyl ester copolymer resin having a solid conient of 40 weight %.
The temperature at which tan & of a dynamic viscoelasticity is maximized of
this acrylic acid alkyl ester copolymer was 58°C.

35 Example 1
100 weight parts of an emulsion produced in Preparation Example 1 of
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an Acrylic Acid Alkyl Ester Copolymer was added with 50 weight parts of an
‘emulsion produced in Preparation Example 2 of an Acrylic Acid Alkyl Ester
Copolymer and further added with 1.2 weight parts of epoxy cross-linking agent
{(product nama: DENACOL EX-614, manufactured by Nagase Chemical Ltd.) and
5 5 waeight parts of diethylene glycol monobuty! ether to obtain an adhesive agent
coating solution. The adhesive agent coating solution was applied by using a
roll coater on one surface of a polypropylene film (release film) having a
thickness of 50 um and dried at 120°C for 3 minutes to obtain an adhesive layer
having a thickness of 15 uym. On the thus-obtained adhesive layer, a surface
10 of the above-described base film obtained in Preparation Example 1 of a Base
Film in a side which has been subjected to corona discharge treatment was
laminated by using a dry laminator and, then, pressed to ailow the adhesive
layer to be transferred. Thereafter, the resultant laminate was heated at 60°C
for 48 hours and, then, cocled down to room temperature to obtain a surface
15 protecling adhesive film for a semiconductor wafer. The adhesive force of the
adhesive film was 7.8 N/25 mm. Using the thus-obtained adhesive film, a
practical parformance evaluation was carried out according to the foregoing
method. Aftar the grinding processing has been completed, no hreakage or
crack was detected an the wafer back side. After the adhesive film has been
20 peeled away, no contamination dus to penetration of grinding water and
contamination due to an adhesive residue was found on the wafer surface.
The results are shown in Table 1.

Example 2

25 A surface protecting adhesive film for a semiconducior wafer was
obtained in the same manner as in Example 1 except that, the film produced in
Praparation Example 2 of a Base Film as a base film is used, in preparing the
adhesive agent coating solution in Example 1, an added quantity of an emulsion
produced in Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer

30 was 80 weight parts, a quantity of a cross-linking agent added was 0.36 weight
part and the thickness of the adhesive layer was 20 um. An adhesive force of
this adhesive film _was 10.1 N/25 mm. Using the thus-oblained adhesive film, a
practical performance evaluation was carried out according to the foregoing
metihod. After the grinding processing has been completed, no breakage or

35 crack was detected on the wafer back side. After the adhesive film has been
peeled away, no contamination due to penetration of grinding water and
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contamination dus to an adhesive residue was found on the wafer surface.
The results are shown in Table 1.

Example 3

A surface protecting adhesive film for a semiconducior wafer was
obtained in the same manner as in Example 1 except that, the film produced in
Preparation Example 3 of a Base Film as a base film is used, in preparing the
adhesive agent coating solution of Example 1, an added quantity of an emulsion
produced in Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer
was 20 weight parts, a quantity of a cross-linking agent added was 2.4 weight
parts and the thickness of the adhesive layer was 35 um. An adhesive force of
this adhesive film was 4.9 N/25 mm. Using the thus-obtained adhesive {ilm, a
practical performance evaluation was carried out according to the foregoing
method. After the grinding processing has besn completed, no breakage or
crack was detected on the wafer back side. After the adhesive film has been
peeled away, no contamination due to penetration of grinding water and
contamination due to an adhesive residue was found on the wafer surface,
The results are shown in Table 1.

Example 4

A surface protecting adhesive film for a semiconductor wafer was
obtained in the same manner as in Example 1 except that, in preparing the
adhesive agent coating solution of Example 1, an emuisiop produced in
Preparation Example 3 of an Acrylic Acid Alkyl Ester Copolymer was used
instead of an emulsion produced in Preparation Example 1 of An Acrylic Acid
Alkyl Ester Copolymer and an added quantity thareof was 50 weight parts. An
adhesive force of this adhesive film was 5.5 N/25 mm. Using the thus-
obtained adhesive fitm, a practical performance evaluation was carried outl
according to the foregoing method. After the grinding processing has been
completed, no breakage or crack was detected on the wafer back side. After
the adhesive film has been peeled away, no contamination due to penetration of
grinding water and contamination due to an adhesive residue was found on the
wafer surfacae. The results are shown in Table 1.

Example 6
A surface protecting adhesive film for a semiconductor wafer was

30
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obtained in the same manner as in Example 1 except that, the film produced in
Preparation Example 4 of a Base Film as a base film is used. An adhesive
force of this adhesive film was 3.6 N/25 mm. Using the thus-obtained
adhesive film, a practical performance evaluation was carried out according to
5 the faregoing method. After the grinding processing has bsen completed, no
breakage or crack was detected on the wafer back side. After the adhesive
film has been peeled away, no contamination due to penetration of grinding
water and contamination due to an adhesive residue was found on the wafer
surface. The results are shown in Table 1.
10
Comparative Example 1
A surface protecting adhesive film for a semiconductor wafer was
obtained in the same manner as in Example 1 except that, in producing the
adhesive agent coating solution of Example 1, an added quantity of an emulsion
15 produced in Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer
was 5 weight parts and a quantity of a cross-linking agent added was 0.84
weight part. An adhesive force of this adhesive film was 5.4 N/26 mm. Using
the thus-oblained adhasive film, a practical performance evaluation was carried
out according to the foregoing method. After the grinding processing has been
20 completed, no breakage or crack was detected on the wafer back side. After the
adhesive film has been pealed away, no contamination due to an adhesive
residue was found, but contamination due to penetration of grinding water was
observed in 8% of chips in number based on the total number of chips. The
resuits are shown in Table 2.

Comparative Example 2
A surface protecting adhesive film for a semiconductor wafer was
obtalned in the same manner as in Example 1 except that, in producing the
adhesive agent coating solution of Example 1, an added quantity of an emulsion
30 produced in Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer
was 120 weight parts and a quantity of a cross-linking agent added was 1.76
weight parts. An adhesive force of this adhesive film was 3.3 N/25 mm.
Using the thus-obtained adhesive film, a practical performance evaluation was
carried out according to the foregoing method. After the grinding processing
35 has been completed, 3 wafers outl of 10 wafers were found broken. In the rest
7 wafers, after the adhesive film has been peeled away, no contamination was
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observed on the wafer surface, but contamination due to penetration of grinding
water was observed in 35% of chips in number based on the total number of
chips. The results are shown in Table 2.

5 Comparative Example 3
A surface protecting adhesive film for a semiconducior wafer was
obtained in the same manner as in Example 1 except that, the thickness of the
adhesive layer was 70 um. An adhesive force of this adhesive film was 19.1
N/25 mm. Using the thus-obtained adhesive film, a practical performance
10 evaluation was carried out according to the foregoing method. After the
grinding processing has been completed, no breakage or crack was detected on
the wafer back side. Howaever, at the time of peeling using a detaping machine,
there has been occurred a bad peeling such that peeling operation was stopped
by detaching wafers from the vacuum chuck table at the delaping machine
15 pased on the total 10 wafers; tharefore, the adhesive film cannot be pecled
away from. The results are shown in Table 2.

Comparative Exampie 4
A surface protecting adhesive film for a semiconductor wafer was
20 obtained in the same manner as in Example 1 except that a quantity of a cross-
linking agent added was 7.5 weight parts. An adhesive force of this adhesive
film was 3.5 N/25 mm. Using the thus-obtained adhesive film, a practical
performance evaluation was carried oul according to the foregoing method.
After the grinding processing has been completed, no breakage or crack was
95 datected on the wafer back side. After the adhesive film has been peeled
away, no contamination due to an adhesive residue was found on the wafer
surface, but contamination due to penetration of grinding water was observed in
38% of chips in number based on the total number of chips. The results are
shown In Table 2.
30
Comparative Example 5
A surface protecting adhesive film for a semiconductor wafer was
obtained in the same manner as in Example 1 except that a quantity of a cross-
linking agent added was 0.03 weight part. An adhesive force of this adhesive
35  film was 4.9 N/25 mm. Using the thus-obtained adhesive film, a practical
performance evaluation was carried out according to the foregoing method.
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After the grinding processing has besn completed, no breakage or crack was
detected on the wafer back side. After the adhasive film has been pesled
away, no contamination due to penetration of grinding water was found on the
wafer surface, but contamination due to an adhesive residue was observed in

5 2.6% of chips in number based on the total number of chips. The results are
shown in Table 2.

Comparative Example 6
A surface protecting adhesive film for a semiconductor wafer was
10 obtained in the same manner as in Example 1 excep! that, in preparing the
adhesive agent coating solution of Example 1, an acrylic acid alkyl ester
copolymer adjusted in Comparative Preparation Example 1 of an Acrylic Acid
alkyl Ester Copolymer was used instead of an acrylic acid alkyl ester copolymer
produced in Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer, an
156 added quantity thereof was 20 weight parts, a quantify of a cross-linking agent
added was 0.24 weight part and the thickness of the adhesive layer was 35 pm.
An adhesive force of this adhesive film was 2.8 N/256 mm. Using the thus-
obtained adhesive film, a practical performance evaluation was carried out
according to the foregoing method. After the grinding processing has been
20 completed, 2 wafers out of 10 wafers were found broken. In the rest 8 wafars,
after tha adhesive film has been peeled away, no contamination due to an
adhesive residue was found on the wafer surface, but contamination due to
penetration of grinding water was observed in 32% of chips in number based on
the total number of chips. The results are shown in Table 3.
25
Comparative Example 7
A surface protecting adhesive film for a semiconductor wafer was
obtained in the same manner as in Example 1 except that, in preparing the
adhesive agent coating solution of Example 1, an emuision produced in
30 Preparation Example 2 of an Acrylic Acid Alkyl Ester Copolymer was not added
and a quantify of a cross-linking agent added was 0.80 weight part. An
- adhesive force of this adhesive film was 4.7 N/25 mm. Using the thus-
obtained adhesive film, a practical performance evaluation was carried out
according to the foragoing method. After the grinding processing has been
35 completed, no breakage or crack was detected on the wafer back side. After
the adhesive film has been pealed away, no contamination due to an adhesive
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rasidue was found on the wafer surface, but contamination due to peneatration of
grinding water was observed in 10% of chips in number based on the total
number of chips. The results are shown in Table 3.

Comparative Example 8

A surface protecting adhesive film for a semiconductor wafer was
obtained in the same manner as in Example 1 except that, in preparing the
adhesive agent coating solution of Example 1, an emulsion produced in
Preparation Example 1 of an Acrylic Acid Alkyl Ester Copolymer was not used,
100 weight parts of an emulsion produced in Preparation Example 2 of an
Acrylic Acid Alkyl Ester Copolymer was added with 0.80 weight part of an epoxy
cross-linking agent (product name: DENACCOL EX-614, manufactured by Nagase
Chemical Ltd.) and 5 weight parts of diethylene glycol monobuty! ether to obtain
an adhesive agent coating solution. An adhesive force of this adhesive film
was 1.8 N/25 mm. Using the thus-obtained adhesive fllm, a practical
performance evaluation was carried out according to the foregoing method.
After the grinding processing has bsen completed, 5 wafers out of 10 walers
were found broken. After the adhesive film has been peeled away, no
contamination due lo an adhesive residue was found on the wafer surface, but
contamination due to penetration of grinding water was observed in 38% of
chips in number based on the total number of chips. The results are shown in
Table 3.

[Table 1 ]
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 Example 5 |

’;L’I‘ypa of Base Film

PET

PEN

EVAPET

PET

EVA/PET

éBase Film «1
Storate Elagtic Moduhs (E)
{Pa)

5.0 x 10°

8.1 x 10°

5.0 x 10°

5.0 10

5.0 x 10°

‘Thickness of Baze Fim
i) *1

50

75

52

50

15

‘Terperature at which tan & is
‘maximizad of copolymer (4)
(C)

=10

-10

-10

-39

-10

ITemperature at which tan § iz
‘maximized f copolymer (B)

e

12

12

12

l}Quantity of Copolymsr (B)
:Added (Parts by Weight) » 2

50

50

{Quantity of Cross-linkin Agent
|Added (Parts by Weight; * 3

2.0

2.0

Thickness cf Adhesive Layer
(um)

15

20

3%

15

15

1Adhesive Force (N/£5 mm)

7.8

10.1

4.9

5.5

3.8

'Breakags, Crack of Wafers in
Grinding (Number of wafers)

Dl

Null

Bl

Null

Null

Peslng Propstty by Detaping
Machine

Acceptable

Arceptable

Accsptable

Acceptable

Acceptable

Cortamination Generated Eatia
Ct dus to Panatration of
Grinding Dust (%)

0

Contamnination Generated Ratio
Cr dus ta an Adhesive Rasidue
(%)

[Tabla2])
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1090 & ()-~ 109 & ()--Ao N K~ 1090 & ()-~ 109 & ()-~ 109

& () - VWYY POAN 100N & ()-~ 109N & ()-~ 109N & ()-~ 109N & ()-~
109N & ()-~ 1090 & ()-~ 1090 & ()- WANNANGW. OA* 1090 & ()-' Ao N K 7
1090 & ()-~ 1090 & ()-~ 1090 & ()-~ 1090 & () - 6VBWEWAVEWFW VWECOA® 1098
& 109N & ()-~ 109N & ()-~ 109N & ()-~ 109N & ()-~ 109N & ()-~ 109N
& () - IVKWANWOARVBVWW LOAN ~ 109N & 100N & ()-~ 100N & ()-~ 109N & ()-~
109N & ()-~ 1090 & ()-~ 1090 & () - VWA WGWAW W W N20A® 1098 & ()-~ 1098
& ()-~ 109N & ()--~ 109N & ()-'~ 109 & ()-Ao N

. -

I ' Y Comperativs | Comparaive | Comparatvs | Comparative | Comparttive | Comparatve | Comparatve | Camparative |
. Byample | | Sxampla 2 | Evamplad | Examplad | Evampla 8 | Evampla 6 | Snawple7 | Exampie §
iType o Bace Fiim PET PET PET PET FET PET PET PET
;Base Fiime <1

‘Storato Blastic Modubs (E) | 5.0%10° | S0x10" | 56a10° | S0x010° | 50&10° 1 5.0510° | 50%15° | 5.0x30F
(Fa) o

&3";“{""" cf e Fim 59 50 50 50 50 50 8150
Tompereture at which tan § is .

‘meximized ¢ copolymer (A) -10 - -1 -10 -10 it =10 -

(T

{Temperaturs 2( wiich tan § is

maximized df cooolymer (8 12 2 12 12 18 58 - 12

(0) ;

1 , : Adhestve
‘Quantty of Copolymer (B) : o e P _ Layer formad
-Addec (Parts by Weight} « 2 ’ 120 % 5 ; % 20 on Copalymer:
[ : Bouy
|Quantity of Cross-inking Agant . st ' ., '
gAddad Parts by Heigh) * 3 20 A 2.0 125 0.08 05 2.0 2.0
5&2‘"‘“ AAdedveLager | 15 7 15 15 % 1s 15
‘Adhesive Force (N/25 mm) £4 3.3 19.1 35 48 2.8 4.7 1.9
‘Broakags, Crack & Wefersin 3 Wafers 2 Walers 5 Vafers
Grinding (Mumber of watars) | - Hull {broken) Nl Tl Hal (broken) bl {broken)
\Pecling Property by Cataping 10 Weers o R |

Machine Acceptable | Acceptable {bad peelig) Acceptable | Acceptable | Acceptable | Accepiabls | Accaptable
‘Contamination Ganaratad Ratio '

Cr due to Panatretion of 8 % - 3 0 82 10 38
{Grinding Dust (%) i

[Contaminatior Generated Retio : i

:Cr e 10 an Adhesiva Residue 0 ;0 - 3 . &8 0 0 0

(%) |

< Description of Tables 1 and 2 >
* 1: Indicates a storage elastic modulus and thickness of the base film

5 on which an adhesive layer was formed. _
* 2. Indicates an added quantity of an acrylic acid alkyl ester copolymer
(B) based on 100 weight parts of an acrylic acid alkyl ester copolymer (A).
* 3: Indicates a quantity of a cross-linking agent based on 100 weight
parts of total amount of the acrylic acid alkyl ester copolymers (A) and (B).
10

INDUSTRIAL APPLICABILITY
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According to the present invention, by using a surface protecting
adhesive film for a semiconductor wafar, it is possible to adhere closely {o the
unevenress of the surface of a semiconducter wafer and prevent contamination
and i skage due to penetration of grinding water on the wafer surface even in
the snspe of the surface of a semiconductor wafsr into which grinding water can
easily znter and even under grinding conditions. Further, a proper adhesive
force ©un be carried out at the time of peeling, thereby achleving an axcellent
contamination resistance without wafer breakage and deteriorating pesling
workagility, and without contaminating the wafer due to any adhesive residue
left on the wafer surface after peeling.
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<= >’>@§BCDER§—IF?J’REW@%W“H RT3 BN EEGHI ﬂaW@parfgf‘ﬁ\/Wﬂ/zq{T'}'p 6Ti nes
New RomandiasleOninsiaetindNeniihts Rost-iEhToyaasnd Bog unrtemperature (Ta) in"a rang

" H#EYE ()& Bt -frd P LBS4DE/ 8L at which tan § of a dynamic viscoelasticity of the poly

|<,, ;g%@%gﬁﬁ f&ggﬁﬁ TWY@Lv\e]gm ahGde @bl J &b ANER st AweWET (B

<= >’>@\BCEE‘T—V@-Q 5K EW@@L Wt\li ot rens H‘é"f Jald:ross linking agent a{\ }~

temperature (Th) in a range of from more lhan 5°C to 50 at whnch

a dynamic viscoelasticity of the polymer(B) is maximized , and from 0.1 weight

part to 10 waight parts of a cross-linking agent (C) having two or more cross-

linkable functional groups in a molecule based on 100 weight parts of total

amount of the polymers (A) and (B), wherein the thickness of the adhesive layer
15 is from 5 um to 50 pm.

2. The surface protecting adhesive film for the semiconductor wafer

according to claim 1, wherein a storage elastic modules (E') at 25°C of at least

one layer of a base film is from 1 x 10% to 1x 10'® Pa and thickness of the bas
20 e filmis from 10 pm to 120 pum.

3. The surface proteciing adhesive film for the semiconductor wafer
according to claim 1 or claim 2, wherein polymers (A) and (B) are acrylic acid
alkyl ester copolymers.
25
4. A protecting method for a semiconductor wafer comprising the steps of:
applying a surface protecting adhesive film for the somiconductor wafer on a.
circuit-forming surface of the semiconductor wafer via an adhesive layer
thereof; grinding a non-circuit-formed surface of the semiconductor wafar; and
30 peeling away the surface protecting adhesive film for the semiconductor wafer ,
wherein the surface protecting adhesive film for the semiconductor wafer accor
ding to c¢laim 1 to 3 is used in the protecting method for the semiconductor

wafer.
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