2F12193-PCT DESCRIPTION Title of Invention METHOD OF MANUFACTURING
SEMICONDUCTOR DEVICE AND SEMICONDUCTOR WAFER SURFACE PROTECTION FILM
USED 5 THEREIRHeEhnical Field [0001] The present invention relates to a method of
manufacturing a semiconductor device and a semiconductor wafer surface protection 10film used
therein. Background Art [0002] Thinning of g gemigenducetogwafer during the semiconductor device
manufacturing process is typically accomplished by grinding a 15 non-patterned surface (rear surface)
of the semjgendugtamwater; dihe patterned surface of the semiconductor wafer is protected using
various methods during the rear surface grinding. [0003]For example, the patterned surface of a
semicond o MMabdD fapmhediof B BERpIRISRIMNIGLESIE protectiad 1y dhedrethivl desaibadnZd below
(see, e.g., PTL 1 and NPL 1). Specifically, a ceramic plate having a wax resin layer on its surface is
prepared. FhavaxX radinlayEC iR thenhedRd andrRibcitet alBRiNG he patieineriduvfact BEhe
sapphire substrate to be buried in the molten wax resin layer. Subsequently, the wax resin layer is
cooled and sbtidifiddN As a result, 25the entire patterned surface of the sapphire substrate is protected
by the wax resin layer. The wax resin typically includes a rosin wax (i.e., a 2L12193-PCT wax
containing for example rosin, montan wax, and phenol resin) having a melting point of about 50C.
Citation List 5Patent Literature [0004] [PTL I] W02005/099057 Non-Patent Literature [0005] 10[NPL ]
Internet NéWw§ IREIeakd 67 Press of DISCO Corporation, dated November 5, 2009 (URL:

http://www.disco.co.j[%/'p/news/pres_s/20091_105.html) Summary of Invention )
[0001] e present invention relates to a method of manufacturing a

semiconductor device and a semiconductor wafer surface protection

10 film used therein.

Background Art
[0002] Thinning of a semiconductor wafer during the semiconductor
device manufacturing process is typically accomplished by grinding a
15 non-patterned surface (rear surface) of the semiconductor wafer. The
patterned surface of the semiconductor wafer is protected using various
methods during the rear surface grinding.
[0003] For example, the patterned surface of a semiconductor wafer
formed of a sapphire substrate is protected by the method described
20 below (see, e.g., PTL 1 and NPL 1). Specifically, a ceramic plate
having a wax resin layer on its surface is prepared. The wax resin
layer is then heated and molten allowing the patterned surface of the
sapphire substrate to be buried in the molten wax resin layer.
Subsequently, the wax resin layer is cooled and solidified. As a result,
25 the entire patterned surface of the sapphire substrate is protected by the

wax resin layer. The wax resin typically includes a rosin wax (i.e., a



15Technical Problem [0006]However, in the method described above, it is necessary to heat and melt
the wax resin layer in order to separate the sapphire substrate, which has been subjected to rear
surface grﬁﬁj’i%, Jrbfn’the wax resin layer. In addition, it is necessary to wash out the wax resin
20remaining on the surface of the sapphire wafer using a solvent, which makes the process
cumbersog xFWHRHNRIRoSiEe the sapphirersubstratessiiacteghto real sudaes gringinghas a very
small thickness and therefore is easily bent, a fracture may easily occur during such a process.
25[0007]Tpseilve thentenegeing prablems,ba inyentors contrived to provide a method of protecting the
patterned surface of a sapphire 2F12193-PCT substrate using a semiconductor wafer protection film
that can be relatively easily separated from the substrate. The conventional semiconductor wafer
protection film includes a base layer and an adhesive layer. In addition, the adhesive layer of the
semicondictor t Bowalfes protection film is attached to the patterned surface of the semiconductor wafer,
followed by rear surface grinding on the semiconductor wafer. The semiconductor wafer protection film
is theh segartead bsirey férexample a tape stripper. [0008] However, methods that use the
conventional semiconductor 10 wafer protection films have suffered from a problem that the edge
portion of f&84dphire substrate is prone to damages during rear surface grinding. That is, as
illustrated in Fig. 3, in the wax-based method, the entire edge portion of sapphire wafer 1 is buried in
wax resin H’yE 2! Lnd%@%%)réf U Qégfe portion of sapphire substrate | 15 tends to be stably held.
On the other hand, as illustrated in Fig. 4, in a method that uses the conventional semiconductor wafer
protection Mt the ‘€dde d8riéh Bisapphire substrate | is not buried in the inside of semiconductor
wafer protigg%rkﬁilm 4. Therefore, it is difficult to stably hold the edge portion of sapphire substrate
I.For this r ./ 20 it is conceived that the edge portion of sapphire substrate | is easily damaged
when jt m o t with abrasive material 3 and.the like durj ar surface grinding. [0009] The
pres]eélt iniﬁ%gnﬁglscnﬁgéﬁ eﬁnﬁ%\?ﬁs \%%f/le%ﬁﬁeof%reéglsnsg %frdo%lié%r??s’gr)e%s?ﬁéjn%%%ﬁenar&%[e provides a

method of ring empicpnductor device that allows rear surface grinding without causing
damages (Ie(\fl](gr&l]é%({fil § l{a?of’, ?rg’ﬁ?e @?ﬁﬁgbnductor wafer such as a sapphire 2F12193-PCT substrate,

and a semGoRduCIQr Yafer é&‘.@%‘?fg?ﬁ?#@?%%%;ﬁ@e@‘éi@@'@g‘?ﬁW?. glgpginentioned manufacturing

method. Solution to Problem 5[00 rs established that damages to the edge portion of

Summary of Invention

15 Technical Problem
[0006] However, in the method described above, it is necessary to
heat and melt the wax resin layer in order to separate the sapphire
substrate, which has been subjected to rear surface grinding, from the
wax resin layer. In addition, it is necessary to wash out the wax resin

20  remaining on the surface of the sapphire wafer using a solvent, which
makes the process cumbersome. Furthermore, since the sapphire
substrate subjected to rear surface grinding has a very small thickness
and therefore 1s easily bent, a fracture may easily occur during such a
process.

25 [0007] To solve the foregoing problems, the inventors contrived to

provide a method of protecting the patterned surface of a sapphire



the semiconductor wafer can be limited by holding the edge or other nearby portion of the
semiconductor wafer by means of a raised portion (rim) during rear surface grinding. In addition, the
inventors r%%h@aﬁ'ré) efforts to find a film configuration capable of relatively easily 10 forming the
raised portion (rim) through thermocompression bonding and appropriately retaining the shape of the
raised portign (il eVeR dta emparae of the reay speface girding n[00L LA firstaspget ot the
present invention relates to the following semiconductor wafer surface protection film. 15[1] A
semiconductty siader swiaceypretestipncfilmingliginghe s bBse layer (Arhavinga sterags glastic
modulus at 150C (GA(150)) of equal to or higher than 1 MPa; and softening layer (B) having a
storage elastisimoddlustatra tenfperature setected fibm 12@ tad80 (6(120 éo 1803y ofaequal o or
20lower than 0.05 MPa and a storage elastic modulus at 40C (GB(40)) of equal to or higher than 10
MPa . a [} Fthe selmjocondudtor aviafeti surfatdecprotéetion dila gecordingi to fElmibernaln & storage
elastic modulus at 100C (G( 100)) of the softening layer (B) is equal to or higher than 1 MPa. 25[3] The
semicondugtdrewafer swdatemprdiéotionsfilmt secbrding ¢o [H or 2t whersin autefisile etdSticmodulus at
60C Ea(60) of the 2F12193-PCT softening layer (B) and a tensile elastic modulus at 25C (EB(25)) of
the softeniFRiPeyer(BY skarsfywad ¢elatibhblip t & ER(60)RB(25) sface [4)Théisemicanduktor wafer
surface protection film according to any one of [1] to [3], further including adhesive layer (C) disposed
Sopposite 16 M- BASE B (Kpdefoss thBsofteMhgoByScE)y  Walwhepsintas Hamesiviiorce of the
adhesive layer (C) measured in accordance with JIS-Z0237 is 0.1 to 10 N/25 mm. [5] The
semicondSoR vi&R? KUt B HrbtetRs e HeEL diP® T8R4 wherein the base layer (A) is an

outermostﬁ r 211; thg 10semiconductor wafer surface pr{gtection film.. [6] The semiconductor
wafer surf il)e%? ec r&?l“ﬁﬁﬁ%fccéﬁ‘c%gbotg\%f%ﬂS]?Whé fn GRPIERELRRALYSF EFRHHFSEMrmost
layer positioned opposite to the base layer (A) across the.softening layer (B). 7] The
semllc%ndl}?:flo?re\}”va%rozﬁr 5%%npr%)1t%18tsfo%¥ﬁl¥ré aéggrr[%i%egél rt8’3n)?0|g[fé J[i%’}o Tg]a,twkéfieiﬁqﬁg softening
layer (B) includes a olymer of a hydrocarbon alefin, a copolymer of a hydrocarbon olefin, or a
more thee O O B RE, LS e o e MR- ST 506 one of (1

to [7], wheggliﬁgggsg\}ﬁg)@ﬁtli tingrtggts%t’endiglgille%%rE (B) has ﬁ%engtyﬁ]‘ §§?8to 960,kg/m3. [9]

; . wax-base
The semiconductor Wafer sufface protection film according to any one 6f [1] to [8], wherein the base

e ) Silnlaes Asaiesslavoocs amenie oI/ g Qeachest
manufacturing @ segiconducter drvicertl] Athe edge portion of sapphire substrate 1
15  tends to be stably held. On the other hand, as iilusttrated in Fig. 4, in a
method that uses the conventional semiconductor wafer protection film,
the edge portion of sapphire substrate 1 is not buried in the inside of
semiconductor wafer protection film 4. Therefore, it is difficult to
stably hold the edge portion of sapphire substrate 1. For this reason,
20 it is conceived that the edge portion of sapphire substrate 1 is easily
damaged when it makes contact with abrasive material 3 and the like
during rear surface grinding.
[0009] The present invention has been made in view of the foregoing
problems pertinent in the art and provides a method of manufacturing a

25 semiconductor device that allows rear surface grinding without causing

damages even to a hard, fragile semiconductor wafer such as a sapphire



2F12193-PCT method of manufacturing a semiconductor device, including: disposing a
semiconductor wafer on a semiconductor wafer surface protection film such that a patterned surface of
the semicandadidt-Riafer contacts the semiconductor wafer surface 5protection film; forming
around a circumference of the semiconductor wafer a raised portion of the semiconductor wafer

surface pretgstian fbm ferdeldingrthersermicandustarewalgtrace prariRdinghamen-pajemad surface
of the semiconductor wafer 10held by the raised portion; and separating the semiconductor wafer

surface protacting flno fiancihe patterpethsindace ahthasermisanductor wafer, wherein a storage
elastic modulus at 100C (0(100)) of the raised portion is equal to or higher than 1 MPa. 15[11] The
method according to [10], wherein the semiconductor wafer surface protection film is the
semiconductor wafer surface protection film according to any one of [1] to [9], and the raised
portion is fomhed by performimgithermocompression bonding for the semiconductor wafer surface
protection film and the 20semiconductor wafer under a pressure of 1 to 10 MPa at 120 to 180C.

[12] The niéthd@ hecdaingnv {1 whestih tenhsakdfure TRiInoh g film th the dgep of disposirig the
semiconductor wafer on the semiconductor wafer surface protection film such that the patterned
surface of the sefléenddcter wafkp Epntaets the démideddbotob weten 258urfacdgsrotectidhdiim, a
thermocompress on bonding temperature TP in the step of forming the raised portion of the
semicondd&8f Wafep BEAD 13t P e et 8 HretEREioh M, Hid36RBAING tehberRture THBOf the
softening layer (B) satisfy relationships represented by the folio equations: [1] 5TPTM...(Equation 1)
[2] TmB LT THIE!D 40k 2 ERHARGT 257 11 418 8} ThmetHbd 'ctordifg 1B £1] 8F 15} 2Rerein the
semicondugtar wafer is.dis oseg.o the semiconductor wafer surface 10 protection film such that the
Softening Iy LR} of HE 2ot B clof LA AL BIOREL T RInSH 0B Sh TG Bhtermed

surface side of the semiconductor wafer relative.to the base layer (A). 14] The method
ccoiling KRy Ghe BF 011 1 S RO okl WY A RR R A Mok ThadhEss

ing to any eoF[f@]I% Whérei
e 1o qdngEb asheN [prensss Al P ATIRERI A AR I APRSH LT TR Y averten
a temperature of the rear surface grinding.
[0011] A first aspect of the present invention relates to the following
semiconductor wafer surface protection film.
15 [1] A semiconductor wafer surface protection film including:
base layer (A) having a storage elastic modulus at 150°C
(Ga(150)) of equal to or higher than 1 MPa; and
softening layer (B) having a storage elastic modulus at a
temperature selected from 120 to 180° (Gp(120 to 180)) of equal to or
20 lower than 0.05 MPa and a storage elastic modulus at 40°C (Gg(40)) of
equal to or higher than 10 MPa .
{2] The semiconductor wafer surface protection film according
to [1], wherein a storage elastic modulus at 100°C (Gg(100)) of the
softening layer (B) is equal to or higher than 1 MPa.

25 [3] The semiconductor wafer surface protection film according

to [1] or [2], wherein a tensile elastic modulus at 60°C Eg(60) of the



semiconductor wafer press apparatus. [15] A semiconductor wafer press apparatus that presses
a mount frame that includes a semiconductor wafer, ring frame A having a rim 20 surrounding the
semiconddtibt \Warek: hind the semiconductor wafer surface protection film according to claim 1
attached over a patterned surface of the semiconductor wafer and the frame A, with the mount frame

being inteppsed hetwasn.an(Epanrress Piale having @deating, mechanism @nds, (oveer psgss plate
opposite to the upper press plate, 25wherein outer diameter DW of the semiconductor wafer and inner

diameter DANs of tingi frame yA: satsfysthe g elatipast pacquadinny 2F22E9B6RGEE)2 PW-<(DAIN,

the lower press plate has a protrusion on a surface opposite to the upper press plate, and a
circumference of a dyrfate of ¢hei protriisionthatifiakes btontagt withcthie mduint frame ad the time of
pressing has a circular shape. [16] The semiconductor wafer press apparatus according to [15],
wherein thiey protyusion s {d heighit3of, 1{to 106rnim ¢ 1u d i filg7 |dFtre: sevriconductor éferpress
apparatus according to [15] 10 or [16], wherein a height of the protrusion is within 15 to 100% of a
thickness obthessoftemind: kpars@) of thel dentcanddctdrwaférsurfare groteCtion film [18] The
semiconductor wafer press apparatus according to any one of [15] to [17], wherein diameter CD of the
protrusion satisfiestH& 155 PefsticiiEHs Dy o G5 © D2 o iaefdaits aépoctv 158 Fréseht
invention relates to the following semiconductor wafer mount apparatus for manufacturing a mount
frame and%%ﬂf&&@f’ﬁ‘uéiﬁlﬁéc{ﬁﬁha Wsemigchdudtordelide disihgithe same. 20[19] A semiconductor
wafer mount apparatus for manufacturing a mount frame including a semiconductor wafer, ring-like

supporting membelB stffouHd tHESEHREoRHUGr WA Fing AR IR Bub bBindingahdin e
semiconductor wafer n rn -Iike,sugﬁ)or in%m mber %nd the sem_iconductorwaferzur ace
arotecton i ALcicl g 0bBHS) Bnbl (136 (o] itaciba Abrd0s SAREIASh LoFabecst e
semilc(?nductor.wafe hrirﬁ%\llike e?ps%r'ltjpgcrglerpbtegcl% and rllnrg frame A, 2T12193-PCT wherein

Seimlicon c W, on fi . . .
wherein outer diameter of the semicondbétorwa er, an inner diameter DAIN of ring frame A, ring

ourSemet Doy PSR SR TEIR B L (oA OR g
semicondlﬂgtopy\j(afgl[ T?ﬁ’pt@ﬂ%@@gystﬁ%mgﬁiﬁ%give layer (C) is an outermost layer
positioned opposite to the base tayer (A) across the softening layer (B).
7] The semiconductor wafer surface protection film according
i5 to any one of [1] to [6], wherein the softening layer (B) includes a
homopolymer of a hydrocarbon olefin, a copolymer of a hydrocarbon
olefin, or a mixture thereof.
[8] The semiconductor wafer surface protection film according
to any one of [1] to [7], wherein a resin constituting the softening layer
20 (B) has a density of 880 to 960 kg/m?.
[9] The semiconductor wafer surface protection film according
to any one of [ 1] to [8], wherein the base layer (A) is a polyolefin layer,
a polyester layer, or a laminate of the polyolefin layer and the polyester
layer.
25 [0012] A second aspect of the present invention relates to the

following method of manufacturing a semiconductor device. [10}] A



“a heating unit that heats a surface opposite to a patterned surface of the semiconductorwafer; 10an
attaching roller that rolls over a patterned surface of the semiconductor wafer, ring frame A, and

ring-like s&gdallt?@g[)ﬁ:lérmber B to attach the semiconductor wafer surface protection film; and a
tape cutting mechanism that cuts the surface protection film along an exterior shape of ring frame A.

15[20] Thesamisonausiamwatar mawy apparatusaeeerdingito [, whergiy heth differences AD1 and
AD?2 expressed as the following equations are within 1% of outer diameter DW of the semiconductor

wafer: AD1 = DEIRNsdWn.g (3) 20402 AN BotaT«(3) H016]As it aspactabthe prasent
invention relates to the following method of manufacturing a semiconductor device. A method of
manufactuwing acsemiaanduciomdeidemcludiriy: [)Hprovidingeesemicomductet wafer,a262') ferming a
raised portion substantially made of resin around a circumference of the semiconductor wafer,
2F12193-RBE&fiicon@Ydisposimg & patternedcsarfatesof thensemicanductor waiée on asefaiconductor
wafer surface protection film, 4") grinding a non-patterned surface of the semiconductor wafer
held by the raised ortionl nand 55') separating the semiconductor wafer surface protection film,
wherein the raised portion made of resin has storage elastic modulus GB(40) of equal to or higher
than 10 MPa. 10Ad0antaB80as Effettd of IFRemties (006 |Thet Benfieshdutridiwader surfgde protection
film according to the present invention allows for rear surface grinding without causing damages even
to hard, fragilécsbrarbriductdf WaferssdhEnoAISL30mIrd (Es fers! 15 BFidt D8 ehtibn o DraWings
[0017] Fig. 1A is a schematic diagram illustrating a semiconductor wafer surface protection film

according 8 L BgBBaime Rt SORE Boisteeht Shvention:

grinding a non-patterned surface of the semiconductor wafer
10 held by the raised portion; and
separating the semiconductor wafer surface protection film from
the patterned surface of the semiconductor wafer,
wherein a storage elastic modulus at 100°C (G(100)) of the
raised portion is equal to or higher than 1 MPa.

15 [f1] The method according to [10], wherein the semiconductor
wafer surface protection film is the semiconductor wafer surface
protection film according to any one of {1] to [9], and

the raised portion is formed by performing thermocompression
bonding for the semiconductor wafer surface protection film and the

20 semiconductor wafer under a pressure of 1 to 10 MPa at 120 to 180°C.

[12] The method according to [11], wherein temperature TM of
the film in the step of disposing the semiconductor wafer on the
semiconductor wafer surface protection film such that the patterned
surface of the semiconductor wafer contacts the semiconductor wafer

25 surface protection film, a thermocompression bonding temperature TP

in the step of forming the raised portion of the semiconductor wafer



Fig. 1B is a schematic diagram illustrating a semiconductor wafer surface protection film according to
another embodiment of the present invention; Fig. 2A is a diagram illustrating an exemplary
process ofzféai’sgéogﬁ%ﬁ a semiconductor wafer on a semiconductor wafer surface protection film
(mount process); 2F12193-PCT 2B is a diagram illustrating a laminate obtained by disposing

a semiconglyetqr wafgr On: a1$6MICENGKCLof Mepfes spitace QFOE%QH%M%@Q-?Q@#S agagrpm
illustrating an exemplary process of 5forming a raised portion of the semiconductor surface protection

film around grebgtmgferenee oRthe; sermiconAUEianwakep (PRSSIRKRGESS): by (i 3P ésvam gnlarged
view illustrating an exemplary raised portion; Fig. 2E is a diagram illustrating an exemplary process of
10grinding:a neti-pasterned surface of the semiconductor wafer; Fig. 3 is a diagram illustrating an
exemplary method of protecting a semiconductor wafer according to a conventional wax-based
method; [1} Fig. 4 is a diagram illustrating an exemplary method of 15protecting a semiconductor
wafer using a conventional semiconductor wafer surface protection film; Figs. 5A and 5B are
diagrams illilstéating a mouQlf processiateording to another embodiment; Fig. 6 is a diagram
illustrating a state that a thickness of the 20semiconductor wafer surface protection film becomes
uneven thiddgh the press process; Fig. 7A is a diagram illustrating a press process according to
another embodiment; Figs. 7B to 7C are diagrams illustrating exemplary shapes of the
25protrusidnt Bnd Fig. § i$ & Biafyrakh #ustratinid®4 widtsad 31 forming a raised 2F12193-PCT portion
separate from the semiconductor surface protection film around a circumference of the semiconductor
wafer. Description Of Empddfimehes Biob1819¢ SehhitbndactdWarét'suack Pistedtiof Fiffe A
semiconductor, wafer surface protection film according to the present jnvention includes base layer (A)

and softerfigERP (BF tPhe $@hHiEoht LR Giter SIFARE pYOIBLGBH filhi Wicdtdiny td tHd Hrésent

Ve on T e T e AT S S e GHER UV or the semiconductor

wafer surface protection film is disposed on the patterned surface side
of the semiconductor wafer relative to the base layer (A).
{141 The method according to any one of [10] to [13], wherein
the semiconductor wafer includes a high-hardness substrate having a
15 Mohs’ hardness of 8 or higher.
[0013] A third aspect of the present invention relates to the following
semiconductor wafer press apparatus.
[15] A semiconductor wafer press apparatus that presses a mount
frame that includes a semiconductor wafer, ring frame A having a rim
20 surrounding the semiconductor wafer, and the semiconductor wafer
surface protection film according to claim | attached over a patterned
surface of the semiconductor wafer and the frame A, with the mount
frame being interposed between an upper press plate having a heating
mechanism and a lower press plate opposite to the upper press plate,
25 wherein outer diameter DW of the semiconductor wafer and

inner diameter DAyy of ring frame A satisfy the relationship Equation



10 adhesive layer (D) (see Fig. 1B) as necessary. A thickness of the film according to the present
invention is not particularly limited, and the film may be called a sheet. [0019] Base Layer (A) Base
layer (A) hals1& ¥etidtioh of limiting bending of a 15 semiconductor wafer for retaining the wafer's shape
when thermocompress on bonding is performed between the semiconductor wafer surface protection
film and the; semigpnduster,yafer. For this reason, base layer (A) preferably has a storage elastic
modulus equal to or higher than a predetermined level at a thermocompression bonding 20
temperature (abouthl2Q dev18063): Spedificallya storage elastio MedulyssairTh0€ (BACLH0}) ob base
layer (A) is preferably set to 1 MPa or higher, and more preferably, 2 MPa or higher. [0020]The
storage elasticuppdulys of Hasedayer(d) may be measured through the following method. That is, a
sample film made of the same resin as that of base layer.(A) with a thickness of 500 um is
prepared.Then, the samplerfilmrsrsat o & dynamitaviscadglagtheityp25 121834 Ch téstistation (ARES
series rheometer, produced by TA INSTRUMENTS, Inc.), and a storage elastic modulus is measured
by increasirnaaemparidtutb apie 2000 v & ¢atel of BC/tnin efromn BOCS aibivgy A parallel ptatkatype
attachment having a diameter of 8 mm. A 5 measurement frequency may be set to 1 Hz. After
terminating!h&Pheasurement, storage elastic modulus G(Pa) at 150C is read from the obtained
storage elastic modulus/temperature curve within a temperature range of 30 to 200C. \/&30021] Base
layer (A) may be mddd dfitesis SRy theTstbrdge DoBRsHE RddiNS deserndéetabdve. i addition,
as described belaw, in a case where adhesive Iaéer (C) is made of a radiation curable adhesive, base

layer (A) iStet&HbI$AIE BrtFARSpAREH RraSFESGchErdsh? m&iktiide a polyolefin and a
polyester.That is, layer (A) may be, = for example, a polyolefin film, a polyester fil a
aminated fitm 150y S SUIEHA Lyl St A SONE0t BUEF TS bR i the 56, for
example, a [ ropylene film. The palyester. film may be, for example, a palyethylene-terephthalate
fiIm,r? agpolfegh )@A% rklgé%p%]tﬁé?at% #I%i?g%lrxé thoéﬁif({'é{.: [86351 i€ fesin }:Vo%gtllfbtriir% g%s)(iﬁg)%r? )apreferably

has a densj 450, If the, resip, copstitut] el A) ensijty lower than
900 kg/ms%,%%ﬁs%gga%%qeﬁs%tig%g%ﬁtlj%igg% %{owsg ﬁ?zﬂ%kﬁ%ﬁ?gﬁrﬁ%ﬁ fgsr nvgfgfﬁfﬁgllgn% {5023]Base
layer (A) pgeferably hasa thickness of 5 p.m or greater, and more preferably, 10 p.m or greater in

order to obtain rigidity 25sufficient to limit bending of the semiconductor wafer. An upper limit of the

thickness of base laygr (A} May Hesst duehdhaga tetabthickngsS aratus according to any
one of [15] to [17], wherein diameter CD of the protrusion satisfies the

15 relationship DW < CD < DA .

[0014] A fourth aspect of the present invention relates to the
following semiconductor wafer mount apparatus for manufacturing a
mount frame and method of manufacturing a semiconductor device
using the same.

20 {19] A semiconductor wafer mount apparatus for manufacturing
a mount frame including a semiconductor wafer, ring-like supporting
member B surrounding the semiconductor wafer, ring frame A
surrounding the semiconductor wafer and ring-like supporting member
B, and the semiconductor wafer surface protection film according to

25 any one of {1} to [9] attached across a patterned surface of the

semiconductor wafer, ring-like supporting member B, and ring frame A,



2F 12193-PCT of the semiconductor wafer surface protection film is not excessively thick compared to
a grinding finish thickness of the semiconductor wafer in order to prevent damage to the
semicond@étb?WéfgﬁTOOM] Softening Layer (B) 5Softening layer (B) has a function of forming a
raised portion (rim) around the semiconductor wafer in order to stably hold an edge portion of the
semicondugipssvafer. As will be described later, because there are cases where the raised portion
(rim) is formed by performing thermocompression bonding between the semiconductor 10 wafer
surface protection fileasdhthe semicardecior wafes fitiseneepssary de softervsaliening layerr(B) at a
thermocompression bonding temperature (120 to 180C). That is, softening temperature TmB of
softening layem(Bkis praferabiyriovwerthancthe, thenporomprdssiar bandiiy,tempérainre (120 to 180C).
Softening temperature TmB can 15 be obtained through DSC measurement. Specifically, a melting
point (in thexPSCrmethod) whé sesiB matedal setprdingdo thie stantiard 180+1 185743 igzskthte the
softening temperature. [0025]A storage elastic modulus of softening layer (B) at a temperature
selected fromp pROtO ESOCTLE LD 102180}y, pPreferdblyi an 20 istoragegiastic ModalWs 6fladftening layer
(B) at 150C (GB( 150)), is preferably set to 0.05 MPa or lower, and more preferably, 0.03 MPa or
lower. [00Z6ihFbrder tolPrévent e raised portion (rim) from being  softened during rear surface
grinding (wet polishing) it is necessary to 25prevent softening layer (B) from being softened at a
temperature upon F8&r Stftde8 HHNEINY (ABJGE 40CYPSRPRYEHITN C 8 StbFAgeelastic 2F 2 93-PCT
modulus at 40C (G(40Q)) is preferably set to 10 MPa or higher, more preferably 20 MPa or higher, and
further preferably, 80 MS4i8enighet. F)ditally dhe dppiiimicor IR Stoitfyet Bladtid Adatitidat 40C
(G(40) m:g b@{;set to Iabout 500.MPa or lower. In.order to set storage 5elastic modulus at 40C
(GB(40)) orEoRfing 1408 Yt 26 M4BT KIGAEF it is preferable that softening layer (B) be made of
resirl8ther than el%sf;[og}?ggﬁ .described b%'ﬁ‘é"fAS q?scribed below, stora elasftic modylggeG is

one-third the tensila eldstit modtls E.For examib?e, %hg‘f)%¥a§e pé?tgr%rgneee adti¢ Hisdullis

temperature 40C 10 4 -softeni (By is_sef to 10 MPa qr higher" may be rephrased as
lilpt S LS TR L S R S SRR R
surface grinding I fyRicaIly REerIIMACIN WaL RraGess, Bt aﬂl%%@@t Alsp periarmed in dry process as

necessary.In 15some cases, the wafer temperature during a dry rear surface grinding process (dry

et st E 05 .8 o e el e e pre
softened eyefndUHRJARCRPRHSIRG R Sierageedstife A.

15 [20] The semiconductor wafer mount apparatus according to [19],
wherein both differences ADI1 and AD2 expressed as. the following
equations are within 1% of outer diameter DW of the semiconductor
wafer:

AD1 = DBix —~ DW; ... (2)
20 AD2 = DAy — DBour ... (3)
[0015] A fifth aspect of the present invention relates to the following
method of manufacturing a semiconductor device.
A method of manufacturing a semiconductor device including:
1’) providing a semiconductor wafer,

25 2’) forming a raised portion substantially made of resin around a

circumference of the semiconductor wafer,



20modulus at 100C (G8( 100)) of softening layer (B) is preferably set to 1 MPa or higher, and more
preferably, 3 MPa or higher. [0028]A relationship between tensile elastic modulus at 60C (EB(60)) and
tensile eladtié Mgt at 25C EB(25) of softening layer (B) preferably satisfies the relationship 1 >
EB(60)/EB(25) > 0.1.The 25temperature of the semiconductor wafer during rear surface grinding of the

semiconductor wafpr 34 hANGE DAWSRT 256 AN 0L URFIZISERAT INyshen b change

rate of the storage elastic modulus of softening layer (B) within this temperature range is within a

certain range ctie daised pertianformedrahseftgning layen (Byigan stably hold the semiconductor wafer.
In addition, it is possible to limit the raised 5portion formed of softening layer (B) from being

deteriorated duringithegearsurfaaengrindingtet thaedsemicopductamwaienfeothibueaso W igpossible to
more effectively limit damage to the semiconductor wafer during the rear surface grinding of the
semiconduicidd Viafarh {0028]d énsiletetastie mbdulus E of softening layer (B) may be 10 measured as
follows: i) prepare a rectangular sample piece having a width (TD direction) of 10 mm and a length
(MD direction) of 180)mmpay cuttipgt b dilse hanvdng dithickness fofr 100r pav; capd 6y eneasurél dntensile
elastic modulus of the sample piece using a tension tester in accordance with JIS-K7161 while setting
the chuck-fobehgdR distance 15 to 50 mm and setting the tensioning rate to 300 mm/min. The
measurement of the tensile elastic modulus is performed at 23C under a relative humidity of 55%.
Tensile elastic modbkis'EligedsudMytitreetimds 51argel ds Besrageosmstic mhotiiitisao {0030]The
resin constituting softening layer (B) is not particularly 20limited as long as it satisfies the
aforement%ﬁéﬂa%r‘?d?itf‘dﬂ*f‘blr tReWtoragR Widdtmbl UM Preferably, softening layer (B) is not made of
elasto er.Specifically, the resin constituting softening layer (B) is preferably a homopolymer or
copolymer of hydrocarbon olefin, and more preferably, ethylene homopolymer, propylene
homog)olymer, or a 25co o%z&reﬁr of etgg/}lene or.propylene and a hydrocarbon olefin other than
ethyI]ene o‘?‘&‘é%ﬂ}f@r?e? P|]C§)YSN £ Cetf?w)ﬂ éql\‘fiﬁgﬁh%%tate copolymer 2E12193-PCT (EVA) is not

preferable 't(ggpi ly has storage elastic modulus 40?) at 40C 0.01 to.0.1 MPa, which js lower
than 10 MELD 1001 M S G T b of At 2058 Pyt 45 I b thr

ethylene opropylns g DusPERTONAIRT INeL, B Vi) £V len of PIoRYIERe f IElergly an

a-olefin having'3 to 12 carbon atoms. Examples o ving 3 carbon atoms

include pr%@ﬂ?g‘ge;;,I"@'&t@!'?et’ol'ggfﬁ?nﬁ’a?g'mgtlg%likpé%%%cter wafers such as sapphire
wafers.
15
Brief Description of Drawings
[0017]

Fig. 1A is a schematic diagram illustrating a semiconductor

wafer surface protection film according to an embodiment of the
20 present invention;

Fig. 1B is a schematic diagram illustrating a semiconductor
wafer surface protection film according to another embodiment of the
present invention;

Fig. 2A 1s a diagram illustrating an exemplary process of

25 disposing a semiconductor wafer on a semiconductor wafer surface

protection film (mount process);

10



1-hexene,4-methyl-1-pentene,3-methyl-l-pentene,1-heptene, 1-octene, 1-decene, and 1-dodecene,
with propylene, 1-butene and the 10like being preferable. [0032]Specific preferred examples of the
resin cons%?dt@ﬂa%g%ing layer (B) may include linear low-density polyethylene (ELDPE), low-density
polyethylene, high-density polyethylene, polypropylene, polystyrene, ABS resin, vinyl chloride resin,
methyl methacrylate; gesirp, §.5nylon, flgprine resini Ralyearbopate, anchpalyestes kegim auithyipear
low-density polyethylene (LMPE), low-density polyethylene, high-density polyethylene, polypropylene,
and the likeibgingi preferablen [0033] 1 becresinagerstiiuting seftening tayerdB) weeferablyrfasa
20density of 880 to 960 kg/inmore preferably, 900 to 960 kg/m3, and further preferably, 910 to 950
kg/m3. If the sesutcondtituting softening layer (B) has a density lower than 880 kg/m3, softening layer
(B) may be softened at 40C. Meanwhile, the density of the resin exceeds 960 kg/m3, it may be difficult
to soften the resin &t ghe 26thesmecaimpgessionibbndingtiemperatuce.c[0334 Thepstorage ededstic
modulus of softening layer (B) may be 2F12193-PCT controlled based on the density of the
homopolydermofeghylerrs ©F propylene, thie thge s isropdrtioir of the lapdroeaebontotefin dtiser than
ethylene or propylene in the copolymer of ethylene or propylene and a hydrocarbon olefin other than
ethylene ot Sropyiehe, aRdBd Toethe For % lexamples eiedstotagevetdsticimotidugt efcssfidning layer (B)
at 40C may increase, for example, by increasing a density of the homopolymer of ethylene or
propylene, or by inEi€asifl tHé p8p&RicH &f BtryiéMe oHproiyiEiintdopgotyrigt Béivéénssthylene or
propylene and the hydrocarbon olefin other than ethylene or propylene. 10[0035]The thickness of
softening IB§&H®Y may be set such that a rim can be formed through thermocompression bonding with
the semiconductor wafer, and.unevenness on a.surface of the semiconductor wafer can be buried. For
this reason, a thicknbiss G ofteniR Té 755 el pHEFargth tiah e MR eigh tference
on tq% 15 1galtr'gr-\arlnned gu}gf&cg oaf rée. sgwisc&n ucéo(r) ?zv f%r,sandimgrra%qrcgferableequal to or greater than
1.1 times &f the maximUim ]néjlgﬁ diffefencs. %Cpeu ically, |Ftlﬁleqne|g iffer&rics is 50 jam, the
thickness of softening layer (B) is preferahly eq greater than 55 and more preferably,
equal to or greater tﬁ%h 6 p%. (%n t Ie%gati%e%r] hé%%t%%%égéﬁteé{ﬁg g@%rrlp&rgaéytoﬁﬁl{f &lit isdifficult to
imit deforggaian. (o bendind)gh fas saisendugiaruyaler dudng e atinding In GamPRKAN,ith a
case where softening layer (B) is thin, so that damage may easily 0ccur. For this reason, the thickness
of softening layey{8) isRiafgsably set to 100 pm or smaller, and more preferably, 70 pm or 25smaller.
[0036]Softening layer (B) may further contain another resin and/or 2F12193-PCT additive as
necessary.Examples of the additive mayJpgludg ilf@MiQh g an exemplary method of
etabsorbers,anti-oxidants,heat-resistantstabilizers, lubricants, and softeners. E,0037] Adhesive Layer

(C) 15 protecting a semiconductor wafer using a conyentional semiconductor
wafer surface protection film;
Figs. 5A and 5B are diagrams illustrating a mount process
according to another embodiment;
Fig. 6 is a diagram illustrating a state that a thickness of the
20 semiconductor wafer surface protection film becomes uneven through
the press process;
Fig. 7A is a diagram illustrating a press process according to
another embodiment;
Figs. 7B to 7C are diagrams illustrating exemplary shapes of the
25 protrusion; and

Fig. 8 i1s a diagram 1llustrating a method of forming a raised

i1



5Preferably, the semiconductor wafer surface protection film according to the present invention further
includes adhesive layer (C) in order to increase adhesion to the semiconductor wafer. If an adhesive
force of aﬁé&@%t&ﬁ@?(@ is too high, the adhesive deposit may easily remain when the film is
separated from the semiconductor 10wafer. For this reason, adhesive layer (C) preferably has an

adhesive fprse i-miRipaSneeifically, theadhesive fercemeasuredAcLRiINg oS48y is
preferably set to 0.1 to 10 N/25 mm. [0038]The storage elastic modulus of adhesive layer (C) may be

set to a levetihataoesraatchinder the formatan ot e raiggdportion (rim) 150f softening layer (B).
[0039]The adhesive (main adhesive material) of adhesive layer (C) may be an acrylic adhesive, a

silicone adhesive, a rubber adhesive, or the like.Especially, in order to facilitate control of the adhesive
force, an acrylic adhesive containing acrylic polymer as the base 20polymer is preferably employed.
[0040]Theladhesipe iofraditeBive kayemEz)t snay be a radiation curable adhesive. Since the adhesive
layer formed of the radiation curable adhesive is cured by irradiation with radiation, the adhesive layer
can bé ea$i d&daratedSeont ther e THE séciaion faay Bb ulteavielet RSradiation, electron beam
radiation, infrared radiation, or the like. [0041] The radiation curable adhesive may contain the am n
adhesive 2F12193PCTirenal describald asovd aa campoantt havinga eaxsonicaghon dbable bond
in the molecule thereof, and a radioactive polymerization initiator. Alternatively, the radiation curable
adhesive MESAEAitaiva Afaiabineldide matstal aduding 4 pélymérdvag axcaridh-carddredouble
5bond in the molecule thereof as the base polymer and a radioactive polymerization initiator.
[0042]Exaffsles BRHECAm pBaREThaVIHG SCc bR eSPBnAbibla%ssHd i thé Mmblscétherdof may
include trimethylo|propane tri(meth)acrylate, pentaerythol tri(me:@:acr tate, dtpentaerythritol 10
hexa(metHfRERTAE PaRFen et fEnEgiy st yacy fae T Arhogiht brdnel Adiatofdirable

compgund ey 5 SHOYLI YD MG g OS] PELAOY parts Y et of aspeshe

according to the present invention is not particularly limited, and the

film may be called a sheet.

[0019] Base Layer {(A)

Base layer (A) has a function of limiting bending of a

15 semiconductor wafer for retaining the wafer's shape when

thermocompression bonding is performed between the semiconductor

wafer surface protection film and the semiconductor wafer. For this

reason, base layer (A) preferably has a storage elastic modulus equal to

or higher than a predetermined level at a thermocompression bonding
20 temperature {about 120 to I80°C). Specifically, storage elastic

modulus at 150°C (GA(150)) of base layer (A) is preferably set to 1

MPa or higher, and more preferably, 2 MPa or higher.

[0020] The storage elastic modulus of base layer (A) may be measured

through the following method. That is, a sample film made of the
25 same resin as that of base layer (A) with a thickness of 500 pm is

prepared. Then, the sample film is set on a dynamic viscoelasticity

12



[0043]The radioactive polymerization initiator may include an acetophenone-based photosensitive
polymerization initiator such as 15 methoxy acetophenone; an a-ketol compound such as
4-(2-hydro%/b%ﬁ%%gﬁﬁenyl(z-hydroxy-2-propy|)ketone; a ketal-based compound such as benzil
dimethyl ketal; a benzoin-based photosensitive polymerization initiator such as benzoin or benzoin
methyl ethey; @Qehaibenzaphepne-hasethpheinseRsitive palyEEaAtipA 20Iytatar SUENGS,
benzophenone or benzoylbenzoic acid. [0044]The radiation curable adhesive may further contain a
cross-linkingcagens @8 necessarye d helerass-linkinpnagenti ay nclude anisocyanaiadiaseds
cross-linking agent such as diphenylmethane diisocyanate, tolylene diisocyanate, hexamethylene
diisocyanatenand 25pelyispcyandte.[0045]The thickneds df adhesive fayer (GDARAy beiset to a level
that 2F 2 93-PCT does not hinder the formation of the rim of softening layer (B).For example, the
thickness ptagHesive layer (G)maybesétte hto 2% ofthe thitknessof softerdingiayer (B)
Specifically, the thickness of adhesive layer (C) may be set to 1 to 20 inn. 5[0046] Less adhesive layer
(D) 5 Thesgenicomiuctdr wpfemsurfase protection filkn AcddrdingAdtbie peeseitdnveatitheanay
include less adhesive layer (D) that allows for separation between base layer (A) and softening layer
(B). Examplé€$ v 1698 citthesive ddfe (B} rifayiind ude saéryfadhiedivés. C10s[004 7] (wheh the
semiconductor wafer surface protection film according to the present invention includes less adhesive
layer (D), BR4& 1B§&r (AYIQ1E Sbfteriliy lager (B L3 b SPAEISdHFSm e thel tRdfefor, it is
possible to separate and remove base layer (A) from the semiconductor wafer surface protection film
after attachifyRAE™ 15 serirBRduEDP vidférslirface protection film to the semiconductor wafer. For
example, layer (A) may be separated and remoyed from the semicanductor, wafer surface
protection?rﬁgia%fafért & DFocBLS bf formig ¥h%) FaiBSoibr" SE e SathicShB8Cctdt suitaE& $otection

film roundlaa&ricumfeéence %f the %sr%nécgggtdcetorgf ee Fig. 2C), 20 and e the .process of

.1 e ¢ modunluys descr . %feard(gm oo as desgrb §e§03 W, 1N 4.
grinding the non-pg%terneélsurface e’semiconductdr wafer (3ée Fig: 2F); {0048]f1Gre"précise

grinding mayfe ahiRved hen ihe pnhatemed siace of e semisondsioravafrds ginded afer

separation of base layer (A).lt may b t to perform precise 25grinding in cases where the

semicondygcior W?Fj%’rst}ig%% %’_Pé?‘é’ij%1@%@_@@%%%“94@5?99&% [Q fhe load, of, the argsive material
during 2F12193-PCT the grinding of the’semiconductor wafer. In this regard, bending or vibration of

g}teefizsice‘?lg@l‘ﬁt% wafey syiaeeqPraiactiop Jigrmay be limied; g,"hﬁ‘a%@@h‘?@ﬂl{?{?r;‘Héﬁ?ﬁ;ﬁ&grinded
yer (A) is’'separated, and the semiconductor wafer surface protection film is
Sthinned. TihgrefQianip is passiyetoriompliement Merg oeHEat8 film, or a laminated film
15 including a polyolefin layer and a polyester layer. The polyolefin film
may be, for example, a polypropylene film. The polyester film may be,
for example, a polyethylene-terephthalate film, a polyethylene
naphthalate film, or the like.
[0022] The resin constifuting base layer (A) preferably has a density
20 of 900 to 1450 kg/m’. If the resin constituting base layer (A) has a
density lower than 900 kg/m?®, the storage elastic modulus is too low, so
that shape retention is not sufficient,
[0023] Base layer (A) preferably has a thickness of 5 um or greater,
and more preferably, 10 um or greater in order to obtain rigidity

25  sufficient to limit bending of the semiconductor wafer. An upper limit

of the thickness of base layer (A) may be set such that a total thickness
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grinding. [0049]The semiconductor wafer surface protection film according to the present invention
may further include another layer as necessary. Another layer may he, for example, a releasable film.
10[0050]A%P38é8|31b%@71ab0ve, the semiconductor wafer surface protection film includes base layer (A)
and softening layer (B). Base layer (A) is preferably the outermost layer of the semiconductor wafer
surface prgteqtien film bha gasevhererthe sermiconducior waler sutface protectiqn dilny further
includes adhesive layer (C), adhesive 15layer (C) is preferably the outermost layer of the film on the
side oppostiiedrors base: lyer i) Safteniagnlayer {Byimalyike asingleayes of aqplumaligy et tavers.
[0051]Figs. IA and IB are diagrams illustrating an exemplary configuration of the semiconductor wafer
surface pretection il As20dlysteated inlkig.alA, seniconduciobwalartsurfaed protection film 10
includes base layer (A) 12, softening layer (B) 14, and adhesive layer (C) 16.As illustrated in Fig. 1B,
semicondy&0? whferSsufaaémrolection {iBn 10" includes base layer (A) 12, less adhesive layer (D) 18,
softening layer (B) 14, and adhesive layer (C) 16.Semiconductor 25wafer surface protection films 10
and 19" are used shohitiwat mglhlesive |aier () 516 chmadis theopatierneic surface of ¢the semigonductor
wafer. 2F12193-PCT [0052] The semiconductor wafer surface protection film according to the present
invention riEyeananofadiifed Lingrariisiathod aifer axample ithe seritohdudtér avafed sarface
protection film may be manufactured by: 1) coextrusion olding base layer (A) and softening 5 layer (B)
(coextrus 8¢ fotRiingheth6d)s 2MEFRIASHTG 9iTm-Nikd Dase 1dyer T hnB Filrd diker sbREniht idyer (B)
(lamination method); and so forth. The semiconductor wafer surface protection film further including
adhesive 1B§&RIEPMAFHR Mehrastied B Hopld & adh8aut et daating sbhitlohdor? the
laminated film jncluding b%se 10layer (A) and sof%:)nin layer (B). [0053] 2. Method of Manufacturing
SemicondBEIFPHBVIRE 1R QSRMBIET THEth 0Bt MRAUAEAINAG™ ddrhicORBUSRR HBGIR using the
semiconductar wafer surface praotection film according to the present invention includes: 1) disposing a
sem%c%ndﬁ%?grlg\ﬁ/aﬁet}%%%e 18 rs%ﬁ%fééﬁ&uc%frﬁ/af’é}%ufé e E)E&’?é&%h&ﬁﬁf?%oﬂ’nﬁ%focé%)}SZ) forming

around the circumferepceS o}ghe serpgconduc or Waf(eé r?ise&%gglign of the semi%oglgu

surface prgtee%ffisosnafri% or ho (fiﬂgst%e Semi oIr?JuecIior a?era(press préjcoe%lﬁggﬁsglﬁndmgnt%

non-patterned surface of the semicopductor wafer held by the raised portion: and 4) .20 separating the
semicond%’t%]lp v‘%l/}é%%ﬁr lc%eéprggfegt?& %21 T?l]tglgrtoég’ss?é 6 gerzlfrll%jlllr%g ?ﬁénﬁgg?p%lt{grn[ez I§ur a%ce of the

semiconducferwafer held by ihe semicandyelaryaler,surfage, profretion {im aceading1g fie present

invention (Process 3) refers to a’process of thinning the semiconductor wafer up to a predetermined

thickness gawiihut causipgdtacine ondamage i-te serieRAGHEIALWATELAllet theagPLAGeSSes, a

process of dicing the semiconductor wafer into
15 be obtained through DSC measurement. Specifically, a melting point

or wafer
e

(in the DSC method) of a resin material according to the standard

ISO-11357-3 1s set to the softening temperature.

[0025] A storage elastic modulus of softening layer (B) at a

temperature selected from 120 to 180°C (Ggp(120 to 180)), preferably a
20 storage elastic modulus of softening layer (B) at 150°C (Gg(150)), is

preferably set to 0.05 MPa or tower, and more preferably, 0.03 MPa or

fower.

[0026] In order to prevent the raised portion (rim) from being

softened during rear surface grinding (wet polishing), it is necessary to
25 prevent softening layer (B) from being softened at a temperature upon

rear surface grinding (about 40°C). For this reason, a storage elastic
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2F12193-PCT individual chips may be additionally performed. [0054]Anotherexemplarymethodof
manufacturingthe semiconductor device using the semiconductor wafer surface protection film
includes: Pfg?éﬁéﬁ)@fa semiconductor wafer; 2') forming a 5 raised portion substantially made of
resin around a circumference of the semiconductor wafer); 3') disposing the patterned surface of the
semiconduygtod yaferaanghesemigendugtas waler surtace rptestion e A') grindingdhenore
non-patterned surface of the semiconductor wafer held by the raised portion; and 5') separating the
semicondystersvatery 1oswpeecprotpchen, film Ay of éheppiotassh oy fosming hegaisegnartion
(Process 2" or the process of disposing the patterned surface of the semiconductor wafer on the
semiconducieii walfey sutiaceiprptectiomfitm ¢Pradesss3yrmay belperiarmead firstu OOBS]HOPOCcess 2/,
the raised portion substantially made of resin 15 formed around the circumference of the
semicondy¢€ien wajenmaybleesforme chbboa tesimdikaial difterent frobm thatiof the semicomdgetor wafer
surface protection film. In this case, the semiconductor wafer surface protection film is not limited to
the seémicendattor wakkn Burfaceddrdtection fiht Jacodrding torimg pragent {(B/entioh Weddtibed
20above.Instead, a commonly-used semiconductor wafer surface protection film may be employed.
Storage elasfié piodtlus CBTORGMhe haised Portibhsdbsnddly ade oisesih maitbe dqual to or
higher than 10 MPa. Preferably, storage elastic modulus GB(100) is equal to or higher than 1 MPa.
25[0056] THEA o nfimelin OF atsentiedRELEsh Wk Bind tHe YaidedsioRtioh (As)arhick 18 digBosed
around the circumference of the 2F12193-PCT semiconductor wafer and which is substantially made
of resin, whi@ti dSmBIRSHON §s EtedtePihioliyH BroBEsd 9 shiky Sbaeritret Rt AL rifimed ©T

semiconductor wafer. The rimmed semiconductor wafer may inﬂijde a semiconductor wafer and a

< r N <
raised porfidi Sbsianttahy RHAS S5 of FOSRS AlSIASGIRYAE Hih et sdFRBAERTISF waer'may

include a semi ctqr wafer, a raised portjgn, substantially ma f resin, and a.semiconductor
Wafelrosurfz eaggoqggti%n fsllcr)n% at %%pp%ytgrth erﬁcéﬁ&uﬁﬂor@aﬁr}? and fheh r&id&l pé?ﬁéfn%he
semiconductor wafer, surfage pratection film_is attached to th erned g ce of the, .
osemicongite iter 10CETA Lot eS D BRI & g Harte bl e ROEM0 in Fig
2B) to Su”l%é’kdrtgﬁ F‘?@is‘:&”gﬁ%t%r ar ég’rggzgﬁg 6% may be further included. The process of

rn ' '

disposing th frame may be performed before the grinding process (Process 4') after the process

of 15prepafr(ingztipje sefjconguctor water. r%qqﬁ%m# psdd{giqgﬂ,ctpﬁ};ai ROripnymay bg provided in

n
a gap between the ring frame (see reference numeral 30 in 2B) and the semiconductor wafer.

[0058] In tﬁ%di!@@‘s%dbiﬁmiﬁ(ﬂﬂgg% Wefer oA Retwaandhe raised portionand fhe,gdge gf the
semiconductor wafer is preferably setto 0 20 to 1 mm, and more preferably, O to 500 pm. Further

preferablys the ¢aiseskROriRe ceafacts thewdar of thesamicandusior yvafernasause thedaiged portion

holds the semiconductor wafer. [0059]The semiconductor wafer is not particularly limited and may
process (dry polishing) reach as high as 100°C due to a significant
frictional heat between the abrasive material and the semiconductor
wafer. For this reason, in order to prevent the raised portion (rim)
from being softened even during dry polishing, a storage elastic

20 modulus at 100°C (Gg(100)) of softening layer (B) is preferably set to 1

MPa or higher, and more preferably, 3 MPa or higher.
[0028] A relationship between tensile elastic modulus at 60°C
(Ep(60)) and tensile elastic modulus at 25°C Eg(25) of softening layer
(B) preferably satisfies the relationship 1 > Eg(60)/Eg(25) > 0.1. The

25 temperature of the semiconductor wafer during rear surface grinding of

the semiconductor wafer usually changes between 25°C and 60°C.
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be a silicon substrate or a sapphire substrate on which circuits 25including interconnections,
capacitors, diodes or transistors, and the like are formed.By forming a raised portion (rim) around the
2F12193-BET¢itédkférence of the semiconductor wafer using the semiconductor wafer surface
protection film according to the present invention and the like and grinding the non-patterned surface

of the waferniy is Ressiblere imitfamages & the-semicpnductes wafes syamwhen theRsamiconductor
wafer includes a high-hardness substrate having a Mohs' hardness of 8 or higher. In addition, the

semicondugtpe waiey aceardinghosthe presentinrvention May kei obtained by daminaling:a the
semiconductor layer such as GaN on a sapphire substrate. In a case where a semiconductor device
such as andEPdlgmentds manufaciured, ddfacsapphire gubst(@e opawhishatiteuits @ire formed is
preferably used. A size of the semiconductor wafer may be set to, but not limited to, 2 inches, 4
inches, 6 inches; @idohesy awd fhe. likd.nThel gatierned sufage of théeseamidonductdrewvaiies bds a
height difference of 1 to 50 p. m. 15[0060] The raised portion (rim) of the semiconductor wafer surface
proteétion fifmt formédrarednd theodémicomdlietor whlky it a porttiomfprdett arouatk thelsircumference
of the semiconductor wafer and holds the edge portion of the semiconductor wafer. The raised portion
of the senfibéntitittof Wakeres gifbtéipwtetidrefiramiay bé Ysrimedofitie 20°seniitiondeesormwarer
surface protection film itself or may be made of a material different from that of the semiconductor
wafer surfabel preeeion filrkO (081§ Foflecdiinby thendlodaassticd Mgy HRIuEERMiA WrHRT to form
the raised portion using a resin material different from that of the 25semiconductor wafer surface
protection i % &3tHMeethSd! tHé sEmi6RdEEISITWAReP mhY e AL AREHEGEIoMA4fdr mounted on
the 2F12193-PCT semiconductor wafer surface protection film or may be a semiconductor wafer
before it is %%%ﬁt]ed oh°the! ls%n‘ﬁi%ﬁtdﬁct&‘?/@éfé}‘§ur‘%ac%?pr%?zgﬁ(?ﬁrﬁ%n?M’eﬁiﬁo&]?iaaﬁ’bﬁly liRfid glue

105 ?Bound %emicoréijuctog vY?fer 520.using an ap Iicatotr such1 as disg)enlser 100, a?llrglustrated in Fig.
8A, and cure ﬁqsﬁﬁldeg ué“105; OWSMé?h&ﬁ Sert semiddnalictor Wakdt 20 Mito fes ViHbglfO having

a through-hal Wols diameter is.almost the same,as that %\s iconductor wafer 20,.as illustrated in
Fig, 85 an N leiiod AN iact A (B e ity F g L0 Aot DA EEs water 20

s fited: asJusated i Figy A And solciy tedesllbv gpolng sp 5 orm heyesinground

semiconductor wafer In Method 1, the viscosity of liquid glué 16}5 apl)l ie usmdﬁS%ispenser

100 at the dime;9f application (PasAving) isrrelarablyeselito.abaut 1 4o Aheu 5] Ras: Gured glue
105 preferably has storage
accordance with JIS-K7161 while setting the chuck-to-chuck distance
15 to 30 mm and setting the tensioning rate to 300 mm/min. The
measurement of the tensile elastic modulus is performed at 23°C under
a relative humidity of 55%. Tensile elastic modulus E is usually three
times as large as storage elastic modulus G.
[0030] The resin constituting softening layer (B) is not particularly
20 limited as long as it satisfies the aforementioned condition for the
storage elastic modulus. Preferably, softening layer (B) is not made
of elastomer. Specifically, the resin constituting softening layer (B)
is preferably a homopolymer or copolymer of hydrocarbon olefin, and
more preferably, ethylene homopolymer, propylene homopolymer, or a

25 copolymer of ethylene or propylene and a hydrocarbon olefin other than

ethylene or propylene. However, ethylene/vinyl acetate copolymer
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elastic modulus GB(40) of 10 MPa or higher.In addition, storage elastic modulus GB(100)-is preferably
setto 1 MPa or higher.That is, cured glue 105 preferably has the same elastic modulus as that of 20
softening I%t%ﬂ%%g"&ctﬁe semiconductor wafer surface protection film described above. Examples of
liquid glue 105 may include epoxy resins, acryl resins, urethane resins, and phenol resins. [0063]In

Method 2, resim ings1 4G haying & thyrugh-hole whesea 11diameles is pipesting samg ag that of
semiconductor wafer 20 may have 25storage elastic modulus GB(40) of 10 MPa or higher.Preferably,

resin ring tiQ1hasastarage aelasticinadulus S8(100) af I MRavehighar. | That £12193-PCT s, resin
ring 110 preferably has the same elastic modulus as that of softening layer (B) of the semiconductor

wafer surfo® pidtecfliantlilen ceporibac:abole: thxdmples ofitheesim eonstituiingyrésin sirigokil0 may
include polyethylenes (such as high-density polyethylene and 5 low-density polyethylene),

polypropylehes tsuath s hbmopdlyptepydene amd paridom, pdiyptopytere); poly siyrefies oahdmylons.
[0064] In Method 3, the molten resin injected into cavity 125 of mold 120 may be epoxy resin or the

like. The ntbken eébinlsalidified fyopddeaiing may hbve btorage elastic Modblusi@B(40)tof 18 MPa or
higher. Preferably, the solidified resin has storage elastic modulus G( 100) of MPa of higher. That is,
the solidifiediesin pieferably Fas thelsanel elbstie mdddins hs thagof softdmingdahen(B) ofithe
semiconductor wafer surface protection film described above. 15[0065]As described above, the raised
portion (rirf)BfoufitHedSe mSHITGBE warbr Prd§ Be:- forh& tHiotgh ahy Hidthbl HOWESRE it is
preferable that the raised portion (rim) be formed by performing thermocompression bonding of the
semicondUctBE ek surfacdisrbtedtibnbfimi &8&ording (ohE SredemnvERfon bebaligB R raised
20portion (rim) can be formed relatively easily and from the viewpoint of handling convenienpce.
(0086 The FAISE Porabn TREIISE hela SR AEETHiacti OBURITAE " 0666 dr e o

high%. In a.cas é/\llhere }%@r raglsbel% portion is formed using the semiconductor wafer surface protection
film, as 25deseri e&%e‘fow,etﬁe raised portion is formed of softening layer (B) of the aforementioned

fim.In his e, e SragR S5 medius o, BRAZIAIPCT b6 ralsed AN, somaaiaple o the

storage elastic modulus of softening layer tion it is preferable that the Taise &olr?i%n (rim) be

substantialy farmedsgf rejatively, fiexiple fesipip order te/make it GiffigHlt fa ¢ayse damagspyhen the
abrasive material
low-density polyethylene, high-density polyethylene, polypropylene,
polystyrene, ABS resin, vinyl chloride resin, methyl methacrylate resin,
15 nylon, fluorine resin, polycarbonate, and polyester resin, with linear
low-density  polyethylene (LLDPE), low-density polyethylene,
: high-density polyethylene, polypropylene, and the like Dbeing
preferable.
{0033] The resin constituting softening layer (B) preferably has a
20  density of 880 to 960 kg/m3, more preferably, 900 to 960 kg/m’, and
further preferably, 910 to 950 kg/m’. If the resin constituting
softening layer (B) has a density lower than 880 kg/m’, softening layer
{B) may be softened at 40°C. Meanwhile, the density of the resin
exceeds 960 kg/m’, it may be difficult to soften the resin at the

25 thermocompression bonding temperature.

[0034] The storage elastic modulus of softening layer (B) may be
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5 makes contact with the raised portion and cause the abrasive material to effectively make contact
with the non-patterned surface of the semiconductor wafer in the rear surface grinding process of the
semiconddétbt WarBk-described below. [0067]An exemplary method of manufacturing a semiconductor
10 device using the semiconductor wafer surface protection film according to the present invention will

now be desgrbesh nith referencefothe areeMmpanying HEAWMIDase Fidyafels & diagnamdiustiating an
exemplary process of disposing a semiconductor wafer on the semiconductor wafer surface protection

film (mouns prpeess)e Fig 2B, boisia dipgeportiustralingha laminate dapvhichithe sericonewstor wafer is
disposed on the semiconductor wafer surface protection film. Fig. 2C is a diagram illustrating an
exemplaryephodess:obfopmingydaaised partian phthensemicdrdbettrstiréace marpteietion fitna around a
circumference of the semiconductor wafer (press process). Fig. 2D is 20 an enlarged view illustrating
an exemplayylraisediportiote fig.c2Eds shdiagraimy ilbustratingrarp gkemplanypracdss tdf.grifthng a
non-patterned surface of the semiconductor wafer. [0068] Mount Process An exemplary
process ofdigposing the semisgrdebtst wafer dni25tid’ serhicondyctey wafds safalde®grotecyion film is
illustrated in Fig. 2A. First, semiconductor wafer surface protection film 10 is prepared 2F12193-PCT
that has béearedtsin. alsizecitrgap IarPserticoAEEERS WaflIR0 Thend, Beenieo iR drneder 20 is
disposed on semiconductor wafer surface protection film 10 (Process 1).In this case, patterned surface
20A of serfldendicoP WaXe? P Edsadts AahdsiveaayEr ¢Chlns B SBEATILOMIUELSE Nafer supface
protection film 10. [0069]Specifically, semiconductor wafer 20 and ring frame 30 surrounding :
semicondREtBP WHTBF 20/ Bre WEISER Tn Mt Prte o i ¥daition, YeniicORdU ST wakd suftice

protection 10 is disposed_on %agiconductor wafer 20 and rin%frame 30.In this case, patterned

fil
10surface DON 8F &SR ITdGLSr WAFEF 26 HHaREREitScE fvitd RRRESR layer (C) 16 of semiconductor
wafer surf tection film. 10. [0070]Semiconductor wafeg.surface. protection film 10 is firmly
L D Lobh A e 0 T A FOICP s Rero e S8R

1 &) ma ¢ S SUC a Tl
pressed agalnst semicon UCFOI’ Wafser | 5across semicon wafer 20 from

one edge Q%tionbtg th? Ot eerdASt% lJ_.(\;S]S%%ult, ﬁ“eém‘%‘%r%g%i%ﬁ% it)f/éasd‘leorﬂs_urtéalcg (Protecti‘%rlx 1L,fﬁlm ch Jirmly

8 m%v .
abuts patterned surface 20A of semicorductor wafe semiconductor Wwafer surface protection

film 10 is firogly; prersed agalnztsemisandh elof YYATEL 20, using,"alles 3% Mt RIAIR 80,0 tor

wafer can be buried. For this reason, a thickness of softening layer
(B) is preferably larger than the maximum height difference on the
15 patterned surface of the semiconductor wafer, and more preferably,
equal to or greater than 1.1 times of the maximum height difference.
Specifically, if the height difference is 50 pm, the thickness of
softening layer (B) is preferably equal to or greater than 55 um, and
more preferably, equal to or greater than 60 pm. On the other hand, if
20 éoftening layer (B) is too thick, it is difficult to limit deformation (or
bending) of the semiconductor wafer during the grinding in comparison
with a case where softening layer (B) is thin, so that damage may easily
occur. For this reason, the thickness of softening layer {B) is
preferably set to 100 pm or smaller, and more preferably, 70 um or
25  smaller.

[0036] Softening layer (B) may further contain another resin and/or
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remain at normal temperature.Alternatively, semiconductor wafer 20surface protection film 10 may be
heated to temperature TM by heating hot plate 40. [0071] Temperature TM of semiconductor wafer
surface pr8 i Ailfn10 in the mount process is preferably equal to or higher than temperature TP of
semiconductor wafer surface protection film 0 in 25the process of forming the raised portion of the

semicondygfarn water gurfage Quetagtion filng araxpdothe sircumpterepnga iof the sgryconduetay.
2F12193-PCT wafer (described below). Although described in detail below, this is because, in some

cases, a wWrinkleymay be gepetated:Qn senepnducianwafer sustacerpiection fila1q i the process of
forming the raised portion, or semiconductor wafer 20 may be separated from 5semiconductor wafer

surface proteation fitm thdftes themrocess of forming the raised portion. [0072]After the mount
process, semiconductor wafer 20 is separated from hot plate 40 along with semiconductor wafer
surface proteriioh fillh dR@and ¢irgafyameé @D so as to obtain a laminate in which the 10semiconductor
wafer is disposed on the semiconductor wafer surface protection film as illustrated in Fig. 2B.This
laminéte is referred te &srat’hyouhhframe:! (007 8]Rress Pradess Mextaas illpstriated imFidi12€,
semiconductor wafer 20 and 15 semiconductor wafer surface protection film 10 are
thermocorpressiialy hontied Bsingea pairofheating plakes (ippkt dodl lolarsheatihgypsiatés 22-1 and
22-2) of the hot press machine (Process (2)), As a result, semiconductor wafer 20 is pushed into
molten softBniAgdayer B)i148Ad SofteRing fayef (Bf 12 extriided foifikgr20r4ises portibna@im) 24 in
the vicinity of the edge portion of semiconductor wafer 20. Upper heating plate 22-1 is a heating plate
disposed Grilife sEmitoReRIcdr WHIEP Docside dndowky heatRgPlatér 24k es Reatidgnnaié disposed

on the semiconductor wafer protecgégn film 18 side, Upper heating_plate 22-1 and semiconductor wafer
20 25may ThiakeditatY contiitt Wit &4kt et Br hiay Thaka iRtlirdt Rohbictikith 898K BHE with a

memper (such as a jig) interposed therebetween. 2F12193-PCT Similarly, lower heafing plate 22-2
i ShmicBIdSEror WAer BIOLAEIHT BT 10 Ay e it CBHAER Bt etk S BE AY make
indirect copfact with eagh oner with a rgembst. (Syeh as,3 19) INfRINGS.Y theIRReween: ured
according to JIS-Z0237 is preferably set to 0.1 to 10 N/25 mm.
[0038] The storage elastic modulus of adhesive layer (C) may be set
to a level that does not hinder the formation of the raised portion (rim)
15 of softening layer (B).
[0039] The adhesive (main adhesive material) of adhesive layer (C)
may be an acrylic adhesive, a silicone adhesive, a rubber adhesive, or
the like. Especially, in order to facilitate control of the adhesive
force, an acrylic adhesive containing acrylic polymer as the base
20  polymer is preferably employed.
[0040] The adhesive of adhesive layer (C) may be a radiation curable
adhesive. Since the adhesive layer formed of the radiation curable
adhesive is cured by irradiation with radiation, the adhesive layer can
be easily separated from the wafer. The radiation may be ultraviolet

25 radiation, electron beam radiation, infrared radiation, or the like.

[0041] The radiation curable adhesive may contain the main adhesive
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5[0074]The height of raised portion 24 (rim) is preferably set to, for example, 0.2 to 1 times the
thickness of semiconductor wafer 20 subjected to the rear surface grinding. If the height of raised
portion (rir%lgb’ﬁi?étgggmall, the edge portion of semiconductor wafer 20 may not be stably held.
Specifically, in a case where the rear surface of 10 semiconductor wafer 20 having a thickness of
1,000 um is {edie-grindedr the heiwof raised Merdien {riny 2his preferaldly saite 20 jFa wrehigher. In
addition, although corners of the edge portion of semiconductor wafer 20 are not chamfered in Fig. 2B,
a chamferingn(@tiaighteline) kercolnding teuveh gracessinaythe pedosmes fer thenimedgedqiortion of
semiconductor wafer 20 to remove the corners. In a case where a chamfering (straight line) or
rounding (dureehprocess,is gesformeédtan the mdge portihhaf semicoreucios wtafer 20, the height of
raised portion (rim) 24 may correspond to the thickness of the edge portion of the semiconductor wafer
subjected @l biws chamfering ot 26roritiing pracesy {00 7BiFhethernoodmprassibrnoddingtemperature
(thermocompression bonding temperature TP) or the pressing pressure may be set such that softening
layer §B) 1498 dnoktetilte forml eaivéd pbricrrfrimy 24 speeificaly tha pressingipresdive i3 preferably
set 25to 1 to 10 MPa, and more preferably, 3 to 10 MPa. The pressing time may be set to, for
example, Pt Bisifies TRetibedipression 2F12193-PCT bonding temperature TP is preferably set
to 120 to 180C, more preferably, 130 to 170C, and further preferably, 150C. Thermocomp ession
bonding teriPératurelre rRpdisStodn Hveragenetiparaliaydrg pair ot Heattingpheds dppeland lower
heating plates 522-1 and 22-2) of the press machjine. [0076]. Furthermore, thermgocompression

bonding teMpétatdfe TE' préRtS6R Equit £ BF lowdithan RMBéaturé M BHsemiddHifor wafer
surface protection.film 10.in the mount progess described ve. The semiconductor wafer surface

o rotoction A LB LI 0 Bhren By O bt ThERaAt kg Tt MR LRSS e bhevor
thermocompression bonding temperature TP is al to ar lower than temperature TM of the mount
ik inglticiere it dati e TG ittt RS A B Rl

process b%?RmFﬁte?n‘rﬂé% orqye; tan.a.Msrmal SXRANSIOR degres, of 13, 3¢ B%%?E%‘%afer

surface protection fi In the mount process. Since semiconductor wafer surface protection film 10

subjected nga;léfIfli{:iggtItgg;gqabggpﬁ@ﬁi%wgl‘@}mggpéR{o(gjesasdiﬁg'ggqﬁet.o the semiconductor wafer,

semiconductor wafer surface protection film 10°does not easily thermally expand in the press process,

and a WI’iﬂM@Lﬁg 0 anlﬁ@Si})é&l%‘%@}%- “ﬂ%@@%ﬁz@#ﬂ&ﬂn%ﬁmﬁﬁg%a@pnﬂm lReperature TP
and temperature TM are not appropriately controlled, a wrinkle is easily generated in semiconductor

wafer surfaee Rrptection dilmakQ aropne RMIGARKUEIOs WaHRr 207 a tiQY 7] FWrtherMaree BS as
semiconductor wafer surface protection film 2510 is cooled after the press process, there are cases

whetes semicamducior wafes sysiace Pretectionifilm 1Q-and semicendieton 2612193 BCT water 20 may
be separated from each other (semiconductor wafer 20 comes off from the film 10) in some cases.
Such a segacatiary ib limitedtayxsettihg the(ihocphpressivnpopdihgkteraperaturek EPatb beseguial to or
lower than temperature TM of the mount process. In this 5 manner, by reducing the occurrence of a
wrinkle in thenspmicohdustoelsurface priotectidn fikanitishpdssitie tolprevent & tnaztuine- bfthved
semiconductor wafer in the process of grinding a rear surface of the semiconductor wafer. [0078]Ther
compressiph boriding itempe s TP lig dneferalyt 10hig heuthian softeairgetemperature ZamB of
softening layer (B) of semiconductor wafer surface protection film 10. Setting thermocompression
bonding tefperaiuté T tor8ckienhigrermberanure - ringe dr higherspakes Treeasy Yorsotten tseftening

layer (B) and form raised portion (rim) 24. Meanwhile, thermocompression bonding
20 initiator such as benzophenone or benzoylbenzoic acid.
[0044]  The radiation curable adhesive may further contain a
cross-linking agent as necessary. The cross-linking agent may include
an isocyanate-based cross-linking agent such as diphenylmethaﬁe
diisocyanate, tolylene diisocyanate, hexamethylene diisocyanate, and

25  polyisocyanate.

[0045] The thickness of adhesive layer (C) may be set to a level that
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15 temperature TP is preferably lower than "softening temperature TmB of softening layer (B) of
semicondtﬁg%\ﬁfgr urface protection film 10 plus 40C (TmB + 40C)." If therrnocompression bonding
temperatufe [ ssively high, it is difficult to hold the shape of raised portion (rim) 24 formed by
softening of softening layer (B), and raised portion 20 (rim) 24 may flow and become flattened. As a
result, the dheightefiraised gortian 24 mayibe lawered. {0879 fAscdrsaribediakave thermacompression
bonding temperature TP refers to an average temperature of a pair of heating plates (upper and lower
heating platesi221t ande22k2) bf:a prast mbokines 25 hemp€rature B ¢ ofeupper heatdtiplate 22-1
may be equal to temperature TP2 of lower heating plate 22-2.Preferably, temperature 2F12193-PCT
TP1 of uppkeh&atirgnplase @P- i thighe g tHaiy temgerature 142 bicdlelWer hdatirtd pldtedd2-2 As
thernaocompression bonding temperature TP increases, raised portion (rim) 24 can be formed rapidly.
However, ifdémperatlee AP lower heatiigtplatet 2228 isthigh, it is difficult to 5 retain the shape of
raised port{iéa%rim) 24, and raised portion (rim) 24 flows and flattened. Meanwhile, since upper heating
plate 22-1 Sdmidontiti @EPREFEE stifEde (Pdtection film 10 do not make direct contact (thereis a
gap therebetweeng‘the shape of raised portion (rim) 24 is not easily flattened by temperature TP1 of
upper heating platd 26 222 imohEheerd ey SetiHg Ritpsretirs fe R ofilipperaroditg plafe 22-1 to
be higher than temperature TP2 of lower heatjng, plate 22-2, it is possible to form raised portion (rim)
24 rapidly Wil 5 Shhp8 b P4y Bb?ﬁoh”(?ilﬂ%ﬂli%sr%t%\%ﬁ? 068 AN 3t id bretéfable that
temperatu%e TPI of u(%)er 15 atinl%rglat 22-1 ta@ hi he% an "sqftenin tempera};ure TmB of softening
layer (B) o LemiEBRAG S watst &lifabe PiStectidH Fim pluas1 c elﬁé‘é)" thd"Be fower than

"softening temperature TmB of sgftening layer f semiconductor wafer.surface protection film 10
o TR DL S T S AR AT MRS

plus 40C ( mB+ Ina iti prefera emperature oflower heating plate 22-2

be higner 4'?1”}%61(905#%% TRAO! upRerhsalingglate aerd minys 4G (THA, 4 gt)é'na”‘%i flower

than "temperatur upper heating pfate 22-1."Furthermore It is preferable t

thermocompression bonding . ISmperature I B Righer o temperaiwe Thd of Yppefieating plate
2522-1 minus 20C (TP1 - 20C)" and be lower than “temperature TPI of upper heatirig plate 22-1."

2F12193-F6€Ie[@@?%mg height Qf raised g)%f -(figy 24dsirelingd as beight i fromiths: sutface of
semiconductor water surface protection film 10 contacting the patterned surface of semiconductor
wafer 20 tathg apeXe, it is possible to separate and remove base layer (A) from the
semiconductor wafer surface protection film after attaching the
15 semiconductor wafer surface protection film to the semiconductor
wafer. For example, base layer (A) may be separated and removed
from the semiconductor wafer surface protection film after the process
of forming the raised portion of the semiconductor surface protection
film around a circumference of the semiconductor wafer (see Fig. 2C)
20 and before the process of grinding the non-patterned surface of the
semiconductor wafer (see Fig. 2E).
[0048] More precise grinding may be achieved when the
non-patterned surface of the semiconductor wafer is grinded after
separation of base layer (A). It may be difficult to perform precise

25 grinding in cases where the semiconductor wafer surface protection

film is bent or vibrated due to the load of the abrasive material during
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of raised portion (rim) 24 as illustrated in Fig. 2D.The height of 5 raised portion (rim) 24 may be
measured visually by observing the cross-sectional shape of semiconductor wafer surface protection
film 10 usi%@lglfﬁmgope after separating semiconductor wafer 20. [0082]Raised portion (rim) 24
does not necessarily contact the edge portion of semiconductor wafer 20.However, in order to
increase thg JlQcapriiity effhalding.semisaacuator wales 20, raised portian.24 preferanly coptacts the
edge portion of semiconductor wafer 20. [0083]Semiconductor wafer surface protection film 10 is then
loaded on efuick tablecd6 thgethen With Serpieanueer waler 24ap Miusicaied INig. 4 y\pdescribed
above, the semiconductor wafer surface 15 protection film may include less adhesive layer (D)
provided bietwieri base hayek (A) anddsaftenning ddyer {B)dshedkig. 1Bk dntaagaseawbere Ahetg is less
adhesive layer (D) provided, semiconductor wafer surface protection film 10 may be loaded on chuck
table 26 atepramoning bade tayer (An ROjad34] i additibery nenspatternpdgerdanen(reatmurface) 20B
of the semiconductor wafer is grinded using abrasive material 28 until the thickness of the wafer
becorfies alpredetbrminéd sxdde o, smallers (Procesd (8)).tThei thickressof theosemicondueter wafer
subjected to the rear surface grinding may be set to, for example, 300 pm or smaller, 25and
preferablyg100difgor smaller.The grinding process is a mechanical grinding process using an
abrasive material. The mode of 2F12193-PCT grinding is not particularly limited; grinding may be
effected ba88d 8h wdllbkndti InBEESSURR H&3t btng%éE@ MERIE 6F iR TeBd T de CTHE iR Eing
process may further include dry grinding (dry polishing) in addition to wet grinding (wet polishing).
5[0085] ThEh® SRRRRBAHUCRSF Wafeh stirdacd Protéctidn Hili #0418 s&paFatéd af roiiaitenigérature
(Process (4)). The semiconductar wafer surface protectiaon film, 10 may be separated using for
example a tA5e Reipper Kn S ik the' 8%t 97 Hddiion &id & 6488 Whete Bemiconductor wafer surface

protection fi includes radiation 1Q curable adhesive layer (C), adhesive layer (C) is cured by
direét?ng rgg‘gﬁéﬁ ontogssem c%%%m&% w EP gﬁr’fac@jﬁrotse%ﬂjolﬁ f ﬂﬁf%lf'nd & ?5onaﬂéf “Wafer

surtace projeciion fim 0 1% seRaared from.semisondutor waler 20, [098E]Bewaen thapprocess of
performlnd)rear surface grinding for e Semiconductor wafer (Process (3)) and the process of

separating Ihe semigoNdyetar Al syrfee pratagtan i frore fhe serpisanduay aler, (Brocess

(4)), a process of processing the non-patterned surface (rear surface) of the semiconductor wafer may

be includeghas-necessarJn ardiiamo the,prpcess of pincessing the.nen-patsined syrfags (rear 20

surface) of the semiconductor wafer, another process selected from a group consisting of, for

exam ple, 3 metal esp{y,t@trg@g IRIPCEI I ARIAING: PIACE S e%n_% aheagting par?%@swjayabﬁ;@m%r
included. The heating process may be a process of attaching, for example, a dle-bondlng tape by

heating. Thepe the semigopdeicter wafer is-digade Allernatively: 2sthesamicandustor iwafeyiay be
diced withoutseparating semiconductor wafer surface protection film 10. 2F12193-PCT [0087]By

performingihesxacomaressian bondirg hetwyeendbesemicondyctor ilfensayfase projeetion film
according to the present invention and the semiconductor wafer under a predetermined condition, it is
possible td dgren @ raisedhpartion @im)agfdte semiconductor wafer
[0051] Figs. 1A and 1B are diagrams illustrating an exemplary
configuration of the semiconductor wafer surface protection film. As
20 illustrated in Fig. 1A, semiconductor wafer surface protection film 10
includes base layer {(A) 12, softening layer (B) 14, and adhesive layer
(C) le6. As illustrated in Fig. 1B, semiconductor wafer surface
protection film 10’ includes base layer (A) 12, less adhesive layer (D)
I8, softening layer (B) 14, and adhesive layer (C) 16. Semiconductor

25  wafer surface protection films 10 and 10’ are used such that adhesive

layer(C) 16 contacts the patterned surface of the semiconductor wafer.
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- bsurface protection film around the circumference of the semiconductor wafer. In addition, since the
raised portion (rim) formed of the semiconductor wafer surface protection film according to the present
invention ihigtiAdkénleven at a temperature that the semiconductor wafer reaches during rear
surface grinding (about 40C), the rim's 10 shape can be retained appropriately. For this reason, it is
possible tq stably holdipdge Reginndefdhersemicanduetac waler bycneans ahiaisad partion@nd thus
limit damage to the edge portion of the semiconductor wafer, which is caused by contact with the
abrasive malerigt elsiing the teal shrfaceygrinding.of iiecemiebnaucior walernihwrefore, eyen 15
when the semiconductor wafer is a hard, fragile sapphire wafer, it is possible to perform rear surface
grinding withaui saeising damagasdodhe wafew §0088]shrddditiopr it accase whiere theassentieonductor
wafer surface protection film includes radiation curable adhesive layer (C), itis 20 possible to easily
separate theasenicondector wafer sudaceusroiectionlfilm pybirmdibdiingraradiatioh entodhéng
semiconductor wafer surface protection film. In this manner, unlike the wax-based method known in
the ard, it i$aiot nddbbdaryas washroutl weas resinfrobh tde sehhidemducasr weafér] altdwingtes ¢
simplification of the process. 25[0089] Another Embodiment of Mount Process As described above, in
the mountlgrpeedsh serhicdnbiiciokwaef tor128 93P T B0 isldispagéivinside gl raged3echaving a
rim, and semiconductor wafer surface protection film 10 is attached over one surface of semiconductor
wafer 20 (&iERtly, sdrfce ZOAIGMBAIEIEits P S6rniddf 2Re riRgFFERTd 30 (JeBFiglwAlah this
case, if a gap 5 between ring frame 30 and semiconductor wafer 20 disposed inside ring frame 30 is

large, the $BAIEGABECBPIETEY SulRteprbtebtiBfHinPEethednt Serticbndiubtor /BRI 20%mfring frame

30 may be Igpsened. For this reason, it is preferable that ring-like supporting member 50 be disposed
petwenn 1 HOTTTE S0 RO bt b (Wb b 1O A BB O0SMGulet ametor

DW ﬁésenpgcoggzg%g\?ﬁﬁr inner |amet§r%§AlN of ring frame 30, ring outer diameter DBour of

ring-like supB/orti 35 ?'%hn ringrifn ameter DI3u,1 of ring-like supporting member 50

satsy he feiiofship ofEaaon (A W< JEDBIN € DBou, 5 PAIN (e Fig: 5A). 0091l i

preferable‘that b e gap between semiconductor-wafer 20 an rmg-ﬁike supporting member 50 and

the gap between rig:lie HRRORYgmaher 20,400,110 MATIA.30 e 36185 0l as pasble in

order to further prevent loosening of attached semiconductor water 20 surface protection film 10. That

is, differenge;Ab |+ betwesn Quigrdiasmeter R Qf sericandyetar wiafer 20 ApdJing 1%13{3 digmeter

MTh., of ring-like supporting member 50 is preferably within 1% of outer diameter D

semicondygtes wafer20 sirpianivcdifiesance AR befwaen sing.outendiamatsr RBOWT of xing-like

supporting member 50 25and inner diameter DAIN of ring frame 30 is preferably within 1% of outer
diameter RWhofsamicendrctanwafersd- 13t 2192P&TiAR! TP - DWEALADR = PAIN - DBouT(3)

[0092] The mount process may be performed using a semiconductor wafer mounter.The

- semicondutiemwaieamaundetheludes ahéatiegee of the semiconductor wafer a raised
portion of the semiconductor wafer surface protection film for holding
the semiconductor wafer (press process); 3) grinding the non-patterned
surface of the semiconductor wafer held by the raised portion; and 4)

20  separating the semiconductor wafer surface protection film. The
process of grinding the non-patterned surface of the semiconductor
wafer held by the semiconductor wafer surface protection film
according to the present invention (Process 3) refers to a process of
thinning the semiconductor wafer up to a predetermined thickness

25  without causing fracture or damage to the semiconductor wafer. After

these processes, a process of dicing the semiconductor wafer into
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5unit, a tape attaching unit, and a tape cutting mechanism. [0093]The heating unit is, for example, hot
plate 40 where a pre-mount frame is to be disposed. The pre-mount frame is a structure including
semicondt?é:tégwgf&cﬂb, ring-like supporting member 50 surrounding the semiconductor wafer, and
ring frame 30 surrounding 10 ring-like supporting member 50 (Fig. 5A). The pre-mount frame is
disposed qp o Rlatel A0sPshHhat the sudace (amspaitemessuiface) opposite to patterned surface
20A of semiconductor wafer 20 faces hot plate 40. [0094]While semiconductor wafer 20 of the
pre-mount[fiarme | 15 dispogedian hotelaia gis/heatediusiag hetiplate: 4Q.the:tapeattaching unit
attaches semiconductor wafer surface protection film 10 over patterned surface 20A of semiconductor
wafer 20, Kegalike sdppoeting enestber by ahd ringdtamed(: (bhedagerattaching Wibindudas, for
example, roller 35, which can roll across patterned surface 20A of 20semiconductor wafer 20, ring-like
supportingtiemberb0d ard ririg frame B0n[9095]sEhe tapedeutting medhanispi tufe semicgonguctor
wafer surface protection film 10 along an outer diameter of the ring frame before or after
semicbnduetorodafes sudace photaction liyn MG beatdchedito t 25preamountfrafes The tape cutting
mechanism may be a cutter and the like (not illustrated).In this manner, the mount frame including
2F12193-PlT semitonddeoravaer X0, rng likel stipporiigg thember son fifgSrarfrec800dnthe
semiconductor wafer surface protection film 10 is obtained. [0096] Another Embodiment of Press
Process A8dB&EABER §bOVeMhEEprass protess it s PROCESLsf Brateing 15 fhe tndurt frakhebtained
through the mount process using a pair of press plates (upper and lower press plates 22-1 and 22-2)
(see Fig. 2¢)Hot v%%}%é%&3&%&}8%@%@&bwpﬁéf'féﬁﬂe@ﬁéﬂffeéﬁﬁgf)% $901 ARf9D-2 is
released a\%tﬁe‘ﬁ he thﬁh's,s procegs, the outer circumference partion of semicondugtor wafer surface
protection fift16 bfthé AIaR 10FEHE AP BedomE TR Brantfic’ CMEP BOMiBH 4s MikisiFated in
Fig. 6, It is conceived that this is ause the ouée,gr c'hrcumference p%rti n of semic]%nductor Q/afer
3 th S

surface prétection filkl 10°6¢ thE mdURt fram8¥io fvdHiRS Bt the cEHBH Bértibhadéd Het easily
flow during_ the press rocess..L5[0097]In this regard, qut of a.pair,of pre lates, lower press plate
22-2 prefe%a%%/lﬁgsaprlb?r%%%nzjég on glfuﬁragg (?agcs:ir?gf §6BBP B}ggstp atd i%g(ﬁnﬁr(gt?&lﬁﬁcgoogfovided in
lower press.pl -2 ] [ Ico t ction flm 1 ring. the. press (Fig. 7A).
For this regé%%t glttgls? %%(’)}s{g%]%%t% l%?ftc%?:}’z% 'E%%gfﬁ%?ggéz{(ﬁg %%élrgvlggﬁausc%%%v&aef ‘rrs%tr zgile%érotection

film 10 of tﬁq@q@}tof&r&e §u)k)j§1(;1t§dbt9 g@rpngﬁ%q{oggggand also form raised portion (rim) 24.

[0098]The circumference (circumférential edge) of the surface of
[0055] In Process 27, the raised portion substantially made of resin

15  formed around the circumference of the semiconductor wafer may be
formed of a resin material different from that of the semiconductor
wafer surface protection film. In this case, the semiconductor wafer
surface protection film is not limited to the semiconductor wafer
surface protection film according to the present invention described

20 above. Instead, a commonly-used semiconductor wafer surface
protection film may be employed. Storage elastic modulus Gp(40) of
the raised portion substantially made of resin may be equal to or higher
than 10 MPa. Preferably, storage elastic modulus Gg(100) is equal to
or higher than 1 MPa.

25 [00561 The combination of a semiconductor wafer and the raised

portion (rim) which is disposed around the circumference of the
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protrusion 60 of lower press plate 22-2 making contact with the semiconductor wafer protection film
preferably has a circular shape. 25Accordingly, protrusion 60 may have a conical shape (Fig. 7B) or a
dome-like %h%]eg%ﬁf&EC). 2F12193-PCT [0099]The height of protrusion 60 of lower press plate 22-2
is preferably set to 1 to 100 um, and more preferably, within 15 to 100% of the thickness of softening

layer (B) of semieansluetor wateresutfage pratestion flm 4Q: Jiheiheight akprotrusion 6Qygfers to the
maximum 5height of protrusion 60. [0100] Diameter CD of protrusion 60 of lower press plate 22-2 is

greater than auien diametes D\Weaf the semicenduciorwaferof theanouet frame @t smallerghan inner
diameter DALN of the ring frame. That is, a relationship of DW < CD < DAIN is satisfied. 10[0101]The
material ofr protresioncGfiisanod particuladydimite@ herotrusionds @ enaik be dnade ofaafiaterad guitable
for grinding to make a convex shape. For example, ceramics such as alumina or ultrahard alloy such
as tungstemcarideamsgnbe employied. (01021 Theal press: peatassrmay ke pettonmed! ysing de
semiconductor 15 wafer press apparatus. The semiconductor wafer press apparatus includes upper
pressplate P24 hHaving Alleatingt rdohaidisnt anthiodercpress pihte 22-Xhedngprotrusidn &0 on a
surface facing upper press plate 22-1. First, in the press process, the mount frame obtained through
the mount$FsdBss 9 dispbaedidtiednt appet AT loWesprests 20 plhtesiagda ahacaip. i this case,
semiconductor wafer 20 of the mount frame faces upper press plate 22-1, and semiconductor wafer
surface préteéGiGnifipt 46 oFthe MblRE fradid Ta8esNBNSHIEds plater222 10 108) PR thothtframe to
be disposed has a structure including 25semiconductor wafer 20, ring frame 30, and semiconductor
wafer surtAEEPFOBCISH Alm P ASTIRAHRE Ff FigI7ACEda Fig. JB)°C 2F12563PEFIH 108 Kter
disposing the mount frame, the moynt frame is heated using a heating mechanism of upper press
148 Sler brd

plate 22-1 R 4d4itioR e [d0A: fraife Hiefdbd88 BentBehtippt? Y8160 er Breds blatds 921 and

22-2 is pressed by upper and lower press plates 22-1 and 22-2. 5 [0105] By separating the mount
framiegfron”?%%%f}/gﬁpdpﬁ)tv%r%?ggg'plates 22-1 and 22-2, it is possible to form a raised portion (rim) in

e STy v G S T g o s e saponce
in Fig. 2B} to surround the semiconductor wafer (Process 6’) may be
further included. The process of disposing the ring frame may be
performed before the grinding process (Process 4°) after the process of

15 preparing the semiconductor wafer (Process 1’). In addition, the
raised portion may be provided in a gap between the ring frame (sece
reference numeral 30 in Fig. 2B) and the semiconductor wafer.

[0058] In the rimmed semiconductor wafer, a gap between the raised
portion and the edge of the semiconductor wafer 1s preferably set to 0

20 to I mm, and more preferably, 0 to 500 um. Further preferably, the
raised portion contacts the edge of the semiconductor wafer because the
ratsed portion holds the semiconductor wafer.

[0059] The semiconductor wafer is not particularly limited and may
be a silicon substrate or a sapphire substrate on which circuits

25 including interconnections, capacitors, diodes or transistors, and the

like are formed. By forming a raised portion (rim) around the
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Preparation of Materials -As the material of base layer (A), homopolypropylene (hPP)
15(produced by Prime Polymer Co., Ltd.) having a density of 910 kg/m3 was prepared. As the material
of softeninéﬂb%b%(@ﬂﬁnear low-density polyethylene (LLDPE) (produced by Prime Polymer Co., Ltd.)
having a density of 918 kg/m3 was prepared. As the material of adhesive layer (C), an adhesive layer

coating sojutieq yasRieparestas2ofeliows JAEQAReParation of Adbesive Laygh Goaling gelution
A monomer mixture of ethyl acrylate (30 parts by weight), 2-ethylhexyl acrylate (40 parts by weight),

methyl acrylate {10, pasiscby weight)e and iglyaidybmethacrylate:(30 Larts by walghtwasdeaeted in
25toluene (65 parts by weight) and ethyl acetate (50 parts by weight) at
80Cfor10hauksusingQApartsikyweighteha palit i3t RO T faerzoy-pecoxideased palyperization
initiator (NIPER BMT-K40, produced by NOF CORPORATION) of (0.32 parts by weight as an initiator).
After completing ithe redetioagthe obtaindo solutinncwas! cooled, andfihen,c teaction svas pesformed by
adding xylene (100 parts 5 by weight), acrylic acid (10 parts by weight), and tetradecyl dimethyl benzil
ammanium @hlorited GATIONA2: 160G, prboiueelligh NOERORPORATION) {03 parts Bioweight) and
by blowing air at 85C for 50 hours. As a result, an acrylic adhesive polymer solution (main adhesive
agent) was atdaines. T0[0£08PTo thiedistained acrylitdativasive holymansornidngmain wdhesive
agent), 2 parts by weight of benzil dimethyl ketal IRGACURE 651, produced by Nihon Ciba-Geigy K.,
K.) were agieledl’as a8 ihtrathsleRtfdeBéniiaieavige thpeyplhctosdrisitiedpdlymeriratieniimitiator, and a
mixture of dipentaerythritol hexaacrylate and 15 dipentaerythritol monohydroxy pentaacryltate
(ARONIX REAG6OBOHGERE B TOATOSEISCOAN T f0 P pats By ight) 1748 addéd ascd Monomer
having a polymerizable carbon-carbon double bond in its malecule for the acrylic adhesive polymer
solid conte‘HE{BFid’OsﬁdﬁéWE@iﬁ?Iﬂea%l‘c?iﬁoﬁﬁ:‘CLhB%Sp%\Ftch@Qvéibqﬁ‘Bf’éri TsB/anERs BHss
20crosslinking agent (OLESTER P49-75-5, produced by Mitsui Chemicals, Inc,) (1, parts by weight as
2 thelmal SrcRPHG AUBAYRES AdadrASTh Efal DS IHACHF AL st L BV Barale

adhesive. he.adhe,[;in[%force of th%% ined UV-curable adhesive W% me%%U{ed .ip C ordgnce with

8 1 bt S _
T1S-20237, and the result was 3 Ri¥5 Hmm: 25 f(591“13)f\/llégsa?érﬁght o‘*tsfloragérﬁa% ic Modulus
Extrusion molding was .performed for homo pelypropylene (hPP), 2F12193-PCT (produced by Prime
Polymer C%Cﬁ% hi'fllvilr}?‘gcci;fl1 t%Ige?n:gty 1&03%%108 kg?mgné%r?l gér\ﬁqr}éi agkbeas%%ffyer ( fo gg?aﬁ%rg%gmple film
naving a thigknese of oI RITWRIG KRR mAldNG Was PRI L lnogy lpdenigiy
polyethylene (LLDPE) (produced by Prime Polymer Co., 5Ltd.) having a density of 918 kg/m3 and
serving as}%)if‘tening layer (B) to obtain a sample film having a thickness of 500 Rm. The
aforementioned UV-curable adhesive serving as adhesive layer (C) was coated on a glass substrate.

The aglhesive w@p drieg-and then saparated spnthaba sample filn having:d thicknress Gf.3QQ ktin was

10manufactured. [0110] A storage elastic modulus of the sample film was measured through the
following methedtThat {51 the samplalfilnovasiseh onsa gyRapiCMiseoelasticity l@stsiatien éARES

series rheometer, produced by TA INSTRUMENTS, Inc.), and a storage elastic modulus was 15
measured fy inekasing damper atdrenifz fe 2006 At A gate af 3CHv i foanw3Ferusing Agiarallel plate
type attachment having a diameter of 8 mm. A measurement frequency was set to 1 Hz. After
terminatinglthee drepagurement ofort kacte of isamgledilonsvof base lal/be (A)iard saftening tdyek¢B), the
storage elastic moduluses at temperatures of
semiconductor wafer surface protection film may be formed of the
20 semiconductor wafer surface protection film itself or may be made of a
- material different from that of the semiconductor wafer surface
protection film.
[0061] For example, the following method may be used in order to
form the raised portion using a resin material different from that of the

25  semiconductor wafer surface protection film. In each method, the

semiconductor wafer may be a semiconductor wafer mounted on the
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20 40C, 100C, and 150C were read from the-obtained storage elastic modulus/temperature curve.
within a temperature range of 10 to 200C. For the sample film of adhesive layer (C), the storage elastic
modulus a%ggé%a]%q@ad from the obtained storage elastic modulus/temperature curve within a
temperature range of 10 to 200C. 25[0111]Manufacturing of Semiconductor Wafer Surface Protection

Film 2F121931REd d u ot o E REXHUSION WASPBHOIMQISar oM upolyRioBYenedhi Pa Arredused by
Prime Polymer Co., Ltd.) having a density of 910 kg/m3 and serving as base layer (A) and linear

low-density peltetydenedLiDPE) (produned by RriniecPolwng68dkdéddhavingesa deqsity af 5918
kg/m3 and serving as softening layer (B) to obtain a two-layered coextrusion film. The aforementioned
UV-curable adkesivenwisrapplied to softening layer (B) of the obtained coextrusion film and was then
dried to form adhesive layer (C), so that the semiconductor wafer surface protection film was obtained.
The thicknesses oMateoldyén 1C: ()] softening kalyer (B) Sand@adihésieriayen@)cobthevadmiconductor
wafer surface protection film were 60 gm, 70 am, and 5 gm, respectively, and a total thickness was
135 gin. (A 2]2):Evatuatign ofFommabilityof Raised Rortioh(Rir)iThes obtaikdrséimgcobiductor wafer
surface protection film was 15 cut in a size larger than that of the sapphire wafer. Then, a sapphire
wafer havitigd thitkréedas of @30 ¢gn &hd a size of 4 inches was disposed on the semiconductor wafer
surface protection film. In this case, the patterned surface of the sapphire wafer contacts adhesive
layer (C) of the serfiébRadctdr wafes &ikfaeE8protBefsH Hmv TReEedHatdiials 8fén 20 8& dd & hot
press machine, and thermocompression bonding was performed at 140C under a pressure of 10 MPa
for 2 minubesY [0814] T‘F’uéﬁ’ﬁ‘%ﬁr‘agﬁdl‘”et P8 YE, 006 RS Hete ditdefstt ot thar8énfconBattorwafer
surface protection film, and the semiﬁonduc r wafer surfa ,pr%tion film was separated from the

semicondEBY SBWAtEH X FiskeLecton rtHE YBiRdd BekiBortfdctBP thafer surface protection film
was observed wit icrgscope. .The heights of two 2F12193-PCT rais ortions (rims) were
meabtired in the crosesr%ggtic?ﬁ,%f e %Fni%})(?jéﬁgto’i:%é?er@ﬁﬁa@é‘ﬁ}&ej%g fﬂ’rﬁ, Egr?c} Egn?a%/%rage of
the measur%de¥glues of heigk&t was obt?‘.ien]reti.déxlsstl'}e1 heié;hta of t@{eur&i_rsgge ortioE} I(rim%, (I:hearglegght of the

t t
apex of the' ralsedsr?or 16 | rlm)cvﬁ{h V!—">arespe(:t to the surfade of semiconductor wifer strface

protection fi acting t tterned sur of the semicondyctor wafer was measured. The
formabiIity%ﬂk?ﬂiség%oﬁ%o%ﬁzﬂm Waé%e(%ﬁﬁgte %asgegg gﬁﬂhi&(ﬁhw?n%cri?gﬁg a109n§: height of

the raised partion, Fimkis,eayalkia. of digher than 10200 pm; and x: height of the raised portion
(rim) is lower than 200 pm. [0114]3) Evaluation of Rear Surface Grinding Availability As described

above, the pgined sgmigendygtor waker sytfageipyoteetion filna was cut insa size l%r@emﬁ:g_ that of
the sapphire wafer. 15 Then, a sapphire wafer having a thickness of 650 pm and a size of 4 inches

was gispogegthe semicangictomnaier surare.pretection filmy iesesmaterialsyyereseton a hot

press machine, and thermocompression bonding was performed at 140C under a pressure of 10 MPa
for 2 minutgse 20[Q115]Avadakilinoof 98pm Rean Surfage Srindingp r e fe Thel semiconductos svafer

surface protection film and the sapphire wafer subjected to thermocompression bonding were set on a
chuck tableletai grinded/fpblishér{ DERF8 661 | robLiced dxy BISEE: Corporatibii)iamnd theoranpatterned
surface (rear surface) of the 25sapphire wafer was grinded in a wet type until the wafer thickness
elastic modulus Gg(100) is preferably set to I MPa or higher. That is,
cured glue 105 preferably has the same elastic modulus as that of
20 softening layer (B) of the semiconductor wafer surface protection film
described above. Examples of liquid glue 105 may include epoxy
resins, acryl resins, urethane resins, and phenol resins.
[0063] In Method 2, resin ring 110 having a through-hole whose
diameter is almost the same as that of semiconductor wafer 20 may have

25 storage elastic modulus Gp(40) of 10 MPa or higher. Preferably, resin

ring 110 has storage elastic modulus Gg(100) of 1 MPa or higher. That
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reaches 90 pm. The wafer temperature for grinding was at about 40C. 2F12193-PCT Then, the rear
surface grinding availability was evaluated based on the following criteria. o: rear surface grinding
can be peﬁglll% drftil the wafer thickness reaches 90 p.m; and 5x:the substrate is fractured before
the wafer thickness reaches 90 pm (rear surface grinding is not possible). [0116]Availability of 70 p.m

Rear Surfage @indinging 1The sanrhise wales subiectadhie theseatsyriaes grinding witil Sire wafer
thickness reaches 90 pm was further grinded in a wet type 10until the wafer thickness reaches 70

pm.Then, therrean surface: grimding favaiability: wes Ayvatdatediased ,omdbe foHovwng eHtetinn 0:
rear surface grinding can be performed until the wafer thickness reaches 70 jtm; and x: the
substrate isdractitred beforecthe Rafemthlelness teaches kb 7Eopmt (t@aisurfaee grinding isl vot
allowable). [0117] 4) Evaluation of Configuration of Raised Portion Subjected to Dry Polishing (DP)
Dry grindimgagryipolishingpwasqiérfdrmed opsthehsamplbistibjdetedity wpbtigarn byrfage geinding in the
above-described section 3) 20for another 5 minutes.A wafer temperature at the time of dry polishing
was aboutl 200G eimsadidition, uitrdvioldtyrbysd1,000 mP)wepe dirgtted: onto the senticonductsr wafer
surface protection film, and then the sapphire wafer was separated from the semiconductor wafer
surface prBteetionofilid P height ehthe raiséd Portior YT RBlvas hmeaselzdtviseaky byabberving
the cross section of the obtained semiconductor wafer surface protection film with a microscope. Heat
2F12193-PEToRsistance in dry polishing (DP) was evaluated based on the following criteria. o:
the height of the raised portion (rim) nearly corresponds with a thickness of the wafer subjected to the
grinding (r[rﬂ(}éﬂainslﬁvi?ﬂ%lﬁg eing FfoltBAJ L8R &R HuigRt o thRtisad b8rtlam (e léwer than

the thickness of the wafer subjected to the grinding (rim ig molten and lost), [0118]5). Surface
Smoothnesé Of Béde Esygpe&{)ysbsfé&eartghe ﬂ%{e. %he molten resin so?zdlﬁed by

10 cooling may have storage elastic modulus Gg(40) of 10 MPa or higher.
Preferably, the solidified resin has storage elastic modulus Gg(100) of
1 MPa of higher. That is, the solidified resin preferably has the same
elastic modulus as that of softening layer (B) of the semiconductor
wafer surface protection film described above.

15 [0065] As described above, the raised portion (rim) around the
semiconductor wafer may be formed through any method. However, it
is preferable that the raised portion (rim) be formed by performing
thermocompression bonding of the semiconductor wafer surface
protection film according to the present invention because the raised

20 portion (rim) can be formed relatively easily and from the viewpoint of
handling convenience.

[0066] 'The raised portion preferably has a storage elastic modulus at
100°C (G(100)) of 1 MPa or higher. 1In a case where the raised portion
is formed using the semiconductor wafer surface protection film, as

25 described below, the raised portion is formed of softening laver (B) of

the aforementioned film. In this case, the storage clastic modulus of
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10Grinding Surface smoothness of base layer (A) subjected to the dry grinding (dry polishing) in
the aforementioned paragraph 4) was evaluated using a stylus profilometer (Dektac3, produced by
Veeco Ins?rﬁh%éﬁ?s?ﬁ%g.). The evaluation of surface smoothness was 15performed based on the
following criteria. o: the surface roughness Ra of base layer (A) caused by surface shape transfer

on the chugltapleds dowerthan 1iym; aig X the suracenoughnessaRa of hase layan A caysed by

surface shape transfer on the chuck table is equal to or higher than 1 um. 20 Example 2 [0119]The

semiconduycteramater swface pretectiomfiladwas o imanufastuped 1brawgh pracesses sirailae & those of
Example 1 except that each of the thicknesses of base layer (A) and softening layer (B) 25was

changed tp 3t L, gnéhsimbar evalsationa erefperferdned. 20521031F CHl Exabhple Ssf@12a] The
semiconductor wafer surface protection film was manufactured through processes similar to those of
Example loedeept shat kmateral tfcsofftening dayer (B)nnaschangedttocetiyteneva-atefire bedpolymer
(TAFMER, produced by Mitsui Chemicals, Inc.) having a density of 893 kg/m3, and similar evaluations
were performés sExaniplet 4020 Therseediconductoravafer surfate prdtectiondimaneas al0 o
manufactured through processes similar to those of Example 1 except that a material of softening
layer (B) wdd ehiingdd tofia&ar lowtérdity poljethifiénen© bBIRER) ¢prodlced biePeime Polyrmer Co.,
Ltd.) having a density of 938 kg/m3, and each of the thicknesses of base layer (A) and softening layer
(B) is chaﬁ@éﬁlﬁ%vyﬁﬁﬁoénd‘%ﬁﬁ%r Evaltfiors derd Y forgied Ergmple S o 2gthd he
semiconductor wafer surface protection film was manufactured through processes similar to those of
Example 18Re6it 30 H&E avadidridrorsbrerifty I4)&r (B) was changed to random polypropylene

(rPP) (produced by Prime Polymer Co., Ltd.) haying a density of 910 kg/m3, and each of the
thicknessfﬁﬁéﬂ sel ar(ﬁ;%ﬁa[?o%’enm&%&yﬁ (B waL HERSd 1580 Jm, S5 SitHAY &ifiuations

were performed. 25 . . . . .
18 c[evme using the semiconductor wafer surface protection film according

to the present in.vention will now be described with reference to the
accompanying drawings. Fig. 2A 1s a diagram illustrating an
exemplary process of disposing a semiconductor wafer on the
semiconductor wafer surface protection film (mount process). Fig. 2B
15 is a diagram illustrating a laminate in which the semiconductor wafer is
disposed on the semiconductor wafer surface protection film. Fig. 2C
is a diagram illustrating an exemplary process of forming a raised
portion of the semiconductor surface protection film around a
circumference of the semiconductor wafer {press process). Fig. 2D is
20 an enlarged view illustrating an exemplary raised portion. Fig. 2E is a
diagram illustrating an exemplary process of grinding a non-patterned
surface of the semiconductor wafer.
[0068] Mount Process
An exemplary process of disposing the semiconductor wafer on
25 the semiconductor wafer surface protection film is illustrated in Fig.

2A. First, semiconductor wafer surface protection film 10 is prepared
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Comparative Example 1 2F12193-PCT [0123]The semiconductor wafer surface protection film was
manufactured through processes similar to those of Example 1 except that a material of base layer (A)
was chang?érd%é%ﬂ%%ﬁ polypropylene (rPP) (produced by Prime Polymer Co., Ltd.) having a density
of 910 5 kg/m3, and a material of softening layer (B) was changed to ethylene-a-olefin copolymer

(TAFMER preduged,R¥ Mitsui henicals) dngd haning sdensity @ 893:ka/m3.rand simjlargvaluations

were performed. 10Comparative Example 2 [0124]The semiconductor wafer surface protection film

was manufacilreshibiaueh prackssesinilaiipthose of Exanmplechaxcapithat:asnateriaketbase
layer (A) was changed to linear low-density polyethylene (LLDPE) (produced by Prime Polymer Co.,
Ltd.) havingra tkx tlensityi lof 9118 kpio3sandia. maleriahof softening layen (B) wassbarged tof
ethylene-a-olefin copolymer (TAFMER, produced by Mitsui Chemicals, Inc.) having a density of 893
kg/m3, and simitarmsbatiationswadéee performed.n2@CompardtiveiExample 8:[0126]Thel semiebBnductor
wafer surface protection film was manufactured through processes similar to those of Example 1
except that aimateridlof basedayers()inas chiatget torlifidan |6W-density polyethylene (LLDPE)
(produced by Prime Polymer Co., Ltd.) having a 25density of 918 kg/m3, and a material of softening
layer (B) W& é¥dnged s eifiyter éva-oletmicopulynes (TARMER, Plodieéd byniitdur ®R18193-PCT
Chemicals, Inc.) having a density of 861 kg/m3, and similar evaluations were performed. Comparative
Example 4 B[0P26]#heSamiebromneiss Water slifacd protectisn firmndvas hanurdetsretPthroligh
processes similar to those of Example 1 except that the material of softening layer (B) was changed to
ethylene-a28I&TiHESholyE CPAIMER, BridicBd iy MitBliPEreifidals TAchhivify 8 aerdiffof 861

k h of hick f 1 A ftening | B) is ch
kg3, ang cach o NSNS 2335 LOIRET (,.20. 59y faver (2)1s changed g 90 um

10 surface 20A of semiconductor wafer 20 makes contact with adhesive
layer {C) 16 of semiconductor wafer surface protection film 10.
[0070] Semiconductor wafer surface protection film 10 is firmly
pressed against semiconductor wafer 20 while rotating roller 35 across
semiconductor wafer 20 from one edge portion to the other. As a
15  result, semiconductor wafer surface protection film 10 firmly abuts
patterned surface 20A of semiconductor wafer 20. While
semiconductor wafer surface protection film 10 is firmly pressed
against semiconductor wafer 20 using roller 35, hot plate 40 may
remain at normal temperature. Alternatively, semiconductor wafer
20  surface protection film 10 may be heated to temperature TM by heating
hot plate 40.
[0071] Temperature TM of semiconductor wafer surface protection
film 10 in the mount process is preferably equal to or higher than
temperature TP of semiconductor wafer surface protection film 10 in
25 the process of forming the raised portion of the semiconductor wafer

surface protection film around the circumference of the semiconductor
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evaluations were performed. [0127]The storage elastic moduluses of the sample films and -
evaluation results for the semiconductor wafer surface protection films obtained through Examples 1 to
5 and Con?ﬁd%‘t%@%mples 1to 4 are 15given in Tables 1 to 3. 2F12193-PCT Table 1 Example 1
Example 2 Example 3 Base layer (A) Material hPP hPP hPP Storage elastic modulus GA(Pa) 40C

2.4E+08 24408 Z14Ed18 c Q0CPREP7 Although described in detail below, this is

because, in some cases, a wrinkle may be g.enerated on semiconductor
wafer surface protection film 10 in the process of forming the raised
portion, or semiconductor wafer 20 may be separated from
5 semiconductor wafer surface protection film 10 after the process of
forming the raised portion.
[0072] After the mount process, semiconductor wafer 20 is separate&
from hot plate 40 along with semiconductor wafer surface protection
film 10 and ring frame 30 so as to obtain a laminate in which the
10 semiconductor wafer is disposed on the semiconductor wafer surface
protection film as illustrated in Fig. 2B. This laminate is referred to
as a “mount frame.”
[0073] Press Process
Next, as i1llustrated in Fig. 2C, semiconductor wafer 20 and
15 semiconductor wafer surface protection film 10 are
thermocompressively bonded using a pair of heating plates (upper and
lower heating plates 22-1 and 22-2) of the hot press machine (Process
(2)). As a result, semiconductor wafer 20 is pushed into molten
softening layer (B) 14, and softening layer (B) 14 extruded forming
20 raised portion (rim} 24 in the vicinity of the edge portion of
semiconductor wafer 20. Upper heating plate 22-1 is a heating plate
disposed on the semiconductor wafer 20 side, and lower heating plate
22-2 1s a heating plate disposed on the semiconductor wafer protection
film 10 side. Upper heating plate 22-1 and semiconductor wafer 20
25  may make direct contact with each other, or may make indirect contact

with each other with a member (such as a jig) interposed therebetween.
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Similarly, lower heating plate 22-2 and semiconductor wafer protection
film 10 may make direct contact with each other, or may make indirect
contact with each other with a member (such as a jig) interposed
therebetween.

5 [0074] The height of raised portion 24 (rim) is preferably set to, for
example, 0.2 to 1 times the thickness of semiconductor wafer 20
subjected to the rear surface grinding. If the height of raised portion
(rim) 24 1is too small, the edge portion of semiconductor wafer 20 may
not be stably held. Specifically, in a case where the rear surface of

10 semiconductor wafer 20 having a thickness of 1,000 um is to be grinded,
the height of raised portion (rim) 24 is preferably set to 200 um or
higher. In addition, although corners of the edge portion of
semiconductor wafer 20 are not chamfered in Fig. 2B, a chamfering
(straight line) or rounding (curve) process may be performed for the

15 edge portion of semiconductor wafer 20 to remove the corners. In a
case where a chamfering (straight line) or rounding (curve) process is
performed for the edge portion of semiconductor wafer 20, the height of
raised portion (rim) 24 may correspond to the thickness of the edge
portion of the semiconductor wafer subjected to the chamfering or

20  rounding process.
[0075] Thé thermocompression bonding temperature
(thermocompression bonding temperature TP) or the pressing pressure
may be set such that softening layer (B) 14 is molten to form raised
portion (rim) 24. Specifically, the pressing pressure is preferably set
25 to I to 10 MPa, and more preferably, 3 to 10 MPa. The pressing time

may be set to, for example, 1 to 5 minutes. Thermocompression

32



E hylene-a-olefin copolymer Tensile elastic modulus Eg (Pa) 25C 3E+08 3E+08 4 9E07 60C

5.3E+07 5.3E+07 1.4E+07 Storageelastic modulus GB (Pa) 40C 9.3E+07 9.3E+07 1.0E+07 00C
8.4E+06 2F12193-PCT

bonding temperature TP is preferably set to 120 to 180°C, more
preferably, 130 to 170°C, and further preferably, 150°C.
Thermocompression bonding temperature TP refers to an average
temperature of a pair of heating plates (upper and lower heating plates
5 22-1 and 22-2) of the press machine.
[0076] Furthermore, thermocompression bonding temperature TP is
preferably equal to or lower than temperature TM of semiconductor
wafer surface protection film 10 in the mount process described above.
The semiconductor wafer surface protection film 10 tends to thermally
10 expand due to the heating in the press process. However, if
thermocompression bonding temperature TP is equal to or lower than
temperature TM of the mount process, a thermal expansion degree of
semiconductor wafer surface protection film 10 in the press process
becomes equal to or lower than a thermal expansion degree of
15 semiconductor wafer surface protection film 10 in the mount process.
Since semiconductor wafer surface protection film 10 subjected to
sufficient thermal expansion in the mount process is fixed to the
semiconductor wafer, semiconductor wafer surface protection film 10
does not easily thermally expand in the press process, and a wrinkle is
20 not easily generated. Meanwhile, 1f thermocompression bonding
temperature TP and temperature TM are not appropriately controlled, a
wrinkle is easily generated in semiconductor wafer surface protection
film 10 around semiconductor wafer 20.
[0077] Furthermore, as semiconductor wafer surface protection film
25 10 1s cooled after the press process, there are cases where

semiconductor wafer surface protection film 10 and semiconductor
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wafer 20 may be separated from each other (semiconductor wafer 20
comes off from the film 10) in some cases. Such a separation is
limited by setting thermocompression bonding temperature TP to be
equal to or Jower than temperature TM of the mount process. In this
5 manner, by reducing the occurrence of a wrinkle in the semiconductor
surface protection film, it is possible to prevent a fracture of the
semiconductor wafer in the process of grinding a rear surface of the
semiconductor wafer.
[0078}] Thermocompression bonding temperature TP is preferably
10 higher than softening temperature TmB of softening layer (B) of
semiconductor wafer surface protection film 10. Setting
thermocompression bonding ftemperature TP to softening temperature
TmB or higher makes it easy to soften softening layer (B) and form
raised portion (rim) 24. Meanwhile, thermocompression bonding
15 temperature TP is preferably lower than “softening temperature TmB of
softening layer (B) of semiconductor wafer surface protection film 10
plus 40°C (TmB + 40°C).” If thermocompression bonding temperature
TP is excessively high, it 1s difficult to hold the shape of raised portion
(rim) 24 formed by softening of softening layer (B), and raised portion
20 {(rim) 24 may flow and become flattened. As a result, the height of
raised portion 24 may be lowered.
[0079] As described above, thermocompression bonding temperature
TP refers to an average temperature of a pair of heating plates (upper
and lower heating plates 22-1 and 22-2) of a press machine.
25 Temperature TPl of upper heating plate 22-1 may be equal to

temperature TP2 of lower heating plate 22-2. Preferably, temperature
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TP1 of upper heatipg plate 22-1 1s higher than temperature TP2 of lower
heating plate 22-2. As thermocompression bonding temperature TP
increases, raised portion (rim) 24 can be formed rapidly. However, if
temperature TP2 of lower heating plate 22-2 is high, it is difficult to
5 retain the shape of raised portion (rim) 24, and raised portion (rim) 24
flows and flattened. Meanwhile, since upper heating plate 22-1 and
semiconductor wafer surface protection film 10 do not make direct
contact (there is a gap therebetween), the shape of raised portion {rim)
24 is not easily flattened by temperature TP1 of upper heating plate
10 22-1. In this regard, by setting temperature TP1 of upper heating
plate 22-1 to be higher than temperature TP2 of lower heating plate
22-2, 1t 1s possible to form raised portion (rim) 24 rapidly while the
shape of raised portion (rim) 24 is retained.
[0080] Specifically, it is preferable that temperature TPI of upper
15  heating plate 22-1 be higher than “softening temperature TmB of
softening layer (Bj of semiconductor wafer surface protection film 10
plus 20°C (TmB + 20°C)” and be lower than “softening temperature
TmB of softening layer (B) of semiconductor wafer surface protection
film 10 plus 40°C (TmB + 40°C).” In addition, it is preferable that
20 temperature TP2 of lower heating plate 22-2 be higher than
“temperature TPl of upper heating plate 22-1 minus 40°C (TP1 -
40°C)” and be lower than “temperature TPl of upper heating plate
22-1.”7 Furthermore, it is preferable that thermocompression bonding
temperature TP be higher than “temperature TPl of upper heating plate
25 22-1 minus 20°C (TP1 — 20°C)” and be lower than “temperature TP of

upper heating plate 22-1.7
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[0081] The height of raised portion {rim) 24 is defined as height h
from the surface of semiconductor wafer surface protection film 10
contacting the patterned surface of semiconductor wafer 20 to the apex
of raised portion (rim) 24 as illustrated in Fig. 2D. The height of

5 raised portion (rim) 24 may be measured visually by observing the
cross-sectional shape of semiconductor wafer surface protection film
10 using a microscope after separating semiconductor wafer 20.

[0082] Raised portion (rim) 24 does not necessarily contact the edge
portion of semiconductor wafer 20. However, in order to increase the

10 capability of holding semiconductor wafer 20, raised portion 24
preferably contacts the edge portion of semiconductor wafer 20,
[0083] Semiconductor wafer surface protection film 10 is then loaded
on chuck table 26 together with semiconductor wafer 20 as illustrated
in Fig. 2E. As described above, the semiconductor wafer surface

15  protection film may include less adhesive layer (D) provided between
base layer (A) and softening layer (B) (see Fig. 1B). In a case where
there 1s less adhesive layer (D) provided, semiconductor wafer surface
protection film 10 may be loaded on chuck table 26 after removing base
layer (A).

20  [0084] In addition, non-patterned surface (rear surface) 20B of the
semiconductor wafer is grinded using abrasive material 28 until the
thickness of the wafer becomes a predetermined value or smaller
(Process (3)). The thickness of the semiconductor wafer subjected to
the rear surface grinding may be set to, for example, 300 upm or smaller,

25 and preferably, 100 pm or smaller. The grinding process is a

mechanical grinding process using an abrasive material. The mode of
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grinding is not particularly limited; grinding may be effected based on
well-known modes such as through-feed mode or in-feed mode. The
grinding process may further include dry grinding (dry polishing) in
addition to wet grinding (wet polishing).

5 [0085] Then, semiconductor wafer surface protection film 10 is
separated at normal temperature (Process (4)). The semiconductor
wafer surface protection film 10 may be separated using for example a
tape stripper known in the art. In addition, in a case where
semiconductor wafer surface protection film 10 includes radiation

10 curable adhesive layer (C), adhesive layer (C) is cured by directing
radiation onto semiconductor wafer surface protection film 10, and
semiconductor wafer surface protection film 10 is separated from
semiconductor wafer 20.

[0086] DBetween the process of performing rear surface grinding for

15 the semiconductor wafer (Process (3)) and the process of separating the
semiconductor wafer surface protection film from the semiconductor
wafer (Process (4)), a process of processing the non-patterned surface
(rear surface) of the semiconductor wafer may be included as necessary.
In addition to the process of processing the non-patterned surface (rear

20  surface) of the semiconductor wafer, another process selected from a
group consisting of, for example, a metal sputtering process, a plating
process, and a heating process may be further included. The heating
process may be a process of attaching, for example, a die-bonding tape
by heating. Then, the semiconductor wafer is diced. Alternatively,

25 the semiconductor wafer may be diced without separating

semiconductor wafer surface protection film 10.
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[0087] By performing thermocompression bonding between the
semiconductor wafer surface protection film according to the present
invention and the semiconductor wafer under a predetermined condition,
it 1s possible to form a raised portion (rim} of the semiconductor wafer
5 surface protection film around the circumference of the semiconductor
wafer. In addition, since the raised portion (rim) formed of the
semiconductor wafer surface protection film according to the present
invention is not molten even at a temperature that the semiconductor
wafer reaches during rear surface grinding (about 40°C), the rim's
10 shape can be retained appropriately. For this reason, it is possible to
stably hold edge portion of the semiconductor wafer by means of raised
portion and thus limit damage to the edge portion of the semiconductor
wafer, which is caused by contact with the abrasive material during the
rear surface grinding of the semiconductor wafer, Therefore, even
15 when the semiconductor wafer is a hard, fragile sapphire wafer, it is
possible to perform rear surface grinding without causing damages to
the wafer.
[0088] In addition, in a case where the semiconductor wafer surface
protection film includes radiation curable adhesive layer (C), it is
20  possible to easily separate the semiconductor wafer surface protection
film by irradiating a radiation onto the semiconductor wafer surface
p‘rotection film. In this manner, unlike the wax-based method known
in the art, it is not necessary to wash out wax resin from the
semiconductor wafer, allowing for simplification of the process.
25 [0089] Another Embodiment of Mount Process

As described above, in the mount process, semiconductor wafer
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20 is disposed inside ring frame 30 having a rim, and semiconductor
wafer surface protection film 10 s attached over one surface of
semiconductor wafer 20 (typically, surface 20A where circuits are
formed) and ring frame 30 (see Fig. 2A). In this case, if a gap
5 between ring frame 30 and semiconductor wafer 20 disposed inside ring
frame 30 is large, the semiconductor wafer surface protection film
between semiconductor wafer 20 and ring frame 30 may be loosened.
For this reason, it is preferable that ring-like supporting member 50 be
disposed between ring frame 30 and semiconductor wafer 20 (sce Figs.
10 5A and 5B).
[0090] Outer diameter DW of semiconductor wafer 20, inner diameter
DAin of ring frame 30, ring outer diameter DBour of ring-like
supporting member 50, and ring inner diameter DBy of ring-like
supporting member 50 satisfy the relationship of Equation (1): DW <
15 DBin < DBour < DAy (see Fig. 5A).
[0091] It is preferable that both the gap between semiconductor wafer
20 and ring-like supporting member 50 and the gap between ring-like
supporting member 50 and ring frame 30 be set as small as possible in
order to further prevent loosening of attached semiconductor wafer
20 surface protection film 10. That is, difference ADI! between outer
diameter DW of semiconductor wafer 20 and ring inner diameter DBy
of ring-like supporting member 50 is preferably within % of outer
diameter DW of semiconductor wafer 20. Similarly, difference AD2
between ring ocuter diameter DBour of ring-like supporting member 50
25 and inner diameter DAy of ring frame 30 is preferably within 1% of

outer diameter DW of semiconductor wafer 20.
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ADI1

DBiny - DW (2)
AD2 = DA — DBour (3)
[0092] The mount process may be performed using a semiconductor
wafer mounter. The semiconductor wafer mounter includes a heating
5 unit, a tape attaching unit, and a tape cutting mechanism.
f0093] The heating unit is, for example, hot plate 40 where a
pre-mount frame is to be disposed. The pre-mount frame is a structure
including semiconductor wafer 20, ring-like supporting member 50
surrounding the semiconductor wafer, and ring frame 30 surrounding
10 ring-like supporting member 50 (Fig. 5A). The pre-mount frame is
disposed on hot plate 40 such that the surface (non-patfterned surface)
opposite to patterned surface 20A of semiconductor wafer 20 faces hot
plate 40.
10094] While semiconductor wafer 20 of the pre-mount frame
15 disposed on hot plate 40 1s heated using hot plate 40, the tape attaching
unit attaches semiconductor wafer surface protection film 10 over
patterned surface 20A of semiconductor wafer 20, ring-like supporting
member 50, and ring frame 30. The tape attaching unit includes, for
example, roller 35, which can roll across patterned surface 20A of
20 semiconductor wafer 20, ring-like supporting member 50, and ring
frame 30.
[0095] The tape cutting mechanism cuts semiconductor wafer surface
protection film 10 along an outer diameter of the ring frame before or
after semiconductor wafer surface protection film 10 is attached to the
25 pre-mount frame. The tape cutting mechanism may be a cutter and the

like (not illustrated). In this manner, the mount frame including
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semiconductor wafer 20, ring-like supporting member 50, ring frame 30,

and semiconductor wafer surface protection film 10 is obtained.

[0096] Another Embodiment of Press Process

As described above, the press process is a process of pressing
5 the mount frame obtained through the mount process using a pair of
press plates (upper and lower press plates 22-1 and 22-2) (see Fig. 2C).
However, as a pressure caused by upper and lower heating plates 22-1
and 22-2 is released after the press process, the outer circumference
~portion of semiconductor wafer surface protection film 10 of the mount

10 frame may become thinner than the center portion as illustrated in Fig.
6. 1t is conceived that this is because the outer circumference portion
of semiconductor wafer surface protection film 10 of the mount frame
flows outwardly, but the center portion does not easily flow during the
press process.

15 [0097] 1In this regard, out of a pair of press plates, lower press plate
22-2 preferably has protrusion 60 on a surface facing upper press plate
22-1. Protruston 60 provided in lower press plate 22-2 intrudes into
semiconductor wafer protection film 10 during the press (Fig. 7A).
For this reason, it is possible to uniformize the thickness of

20 semiconductor wafer surface protection film 10 of the mount frame
subjected to the press process and also form raised portion (rim) 24.
[0098] The circumference (circumferential edge) of the surface of
protrusion 60 of lower press plate 22-2 making contact with the
semiconductor wafer protection film preferably has a circular shape.

25 Accordingly, protrusion 60 may have a conical shape (Fig. 7B) or a

dome-like shape (Fig. 7C).
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[0099] The height of protrusion 60 of lower press plate 22-2 is
preferably set to 1 to 100 pm, and more preferably, within 15 to 100%
of the thickness of softening layer (B) of semiconductor wafer surface
protection film 10. The height of protrusion 60 refers to the maximum

5 height of protrusion 60.

[0100] Diameter CD of protrusion 60 of lower press plate 22-2 is
greater than outer diameter DW of the semiconductor wafer of the
mount frame and smaller than inner diameter DAy of the ring frame.
That 1s, a relationship of DW < CD < DAy is satisfied.

10 [0101] The material of protrusion 60 is not particularly limited.
Protrusion 60 may be made of a material suitable for grinding to make a
convex shape. IFor example, ceramics such as alumina or ultrahard
alloy such as tungsten carbide may be employed.

[0102] The press process may be performed using a semiconductor

15  wafer press apparatus. The semiconduétor wafer press apparatus
includes upper press plate 22-1 having a heating mechanism and lower
press plate 22-2 having protrusion 60 on a surface facing upper press
plate 22-1. First, in ‘the press process, the mount frame obtained
through the mount process is disposed between upper and lower press

20 plates 22-1 and 22-2. In this case, semiconductor wafer 20 of the
mount frame faces upper press plate 22-1, and semiconductor wafer
surface protection film 10 of the mount frame faces lower press plate
22-2.

{0103] The mount frame to be disposed has a siructure including

25 semiconductor wafer 20, ring frame 30, and semiconductor wafer

surface protection film 10 as illustrated in Fig. 7A (see Fig. 2B).
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[0104] After disposing the mount frame, the mount frame is heated
using a heating mechanism of upper press plate 22-1. 1In addition, the
mount frame interposed between upper and lower press plates 22-1 and
22-2 is pressed by upper and lower press plates 22-1 and 22-2.

5 [0105] By separating the mount frame from upper and lower press
plates 22-1 and 22-2, it is possible to form a raised portion (rim) in the
semiconductor wafer surface protection film and make uniform the
thickness of the semiconductor wafer surface protection film subjected
to the press process.

10
Examples
[0106] Example 1
Preparation of Materials
As the material of base layer (A), homopolypropylene (hPP)
15 (produced by Prime Polymer Co., Ltd.) having a density of 910 kg/m”
was prepared. As the material of softening layer (B), linear
low-density polyethylene (LLDPE) (produced by Prime Polymer Co.,
Ltd.) having a density of 918 kg/m’ was prepared. As the material of
adhesive layer (C), an adhesive layer coating solution was prepared as
20 follows.
[0107] Preparation of Adhesive Layer Coating Solution
A monomer mixture of ethyl acrylate (30 parts by weight),
2-ethylhexyl acrylate (40 parts by weight), methyl acrylate (10 parts by
weight), and glycidyl methacrylate (20 parts by weight) was reacted in
25 toluene (65 parts by weight) and ethyl acetate (50 parts by weight) at

80°C  for 10 hours using 0.8 parts by weight of a
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benzoyl-peroxide-based polymerization initiator (NIPER BMT-K40,
produced by NOF CORPORATION) of (0.32 parts by weight as an
inittator). After completing the reaction, the obtained solution was
cooled, and then, a reaction was performed by adding xylene (100 parts
by weight), acrylic acid (10 parts by weight), and tetradecyl dimethyl
benzil ammonium chloride (CATION M2-100, produced by NOF
CORPORATION) (0.3 parts by weight) and by blowing air at 85°C for
50 hours. As a result, an acrylic adhesive polymer solution (main
adhesive agent) was obtained.

[0108] To the obtained acrylic adhesive polymer solution (main
adhesive agent), 2 parts by weight of benzil dimethyl ketal
(IRGACURE 651, produced by Nihon Ciba-Geigy K., K.) were added as
an intramolecular bond cleavage type photosensitive polymerization
initiator, and a mixture of dipentaerythritol hexaacrylate and
dipentaerythritol monohydroxy pentaacryltate (ARONIX M-400,
produced by TOAGOSEI CO., LTD.) (0.3 parts by weight) was added as
a monomer having a polymerizable carbon-carbon double bond in its
molecule for the acrylic adhesive polymer solid content of 100 parts by
weight. In addition, 1.35 parts by weight of an isocyanate-based
crosslinking agent (OLESTER P49-75-8, produced by Mitsui Chemicals,
Inc.) (1 parts by weight as a thermal cross-linking agent) was added
as a thermal cross-linking agent to obtain an UV-curable adhesive.
The adhering force of the obtained UV-curable adhesive was measured
in accordance with J1S-Z0237, and the result was 3 N/25 mm.

[0109] 1) Measurement of Storage Elastic Modulus

Extrusion molding was performed for homo polypropylene (hPP)
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(produced by Prime Polymer Co., Ltd.) having a density of 910 kg/m”’
and serving as base layer (A) to obtain a sample film having a thickness
of 500 um. Similarly, extrusion molding was performed for linecar
low-density polyethylene (LLDPE) (produced by Prime Polymer Co.,
5 Ltd.) having a density of 918 kg/m’ and serving as softening layer (B)
to obtain a sample film having a thickness of 500 pum. The
aforementioned UV-curable adhesive serving as adhesive layer (C) was
coated on a glass substrate. The adhesive was dried and then
separated so that a sample film having a thickness of 300 um was
10 manufactured.
[0110] A storage elastic modulus of the sample film was measured
through the following method. That ts, the sample film was set on a
dynamic viscoelasticity test station (ARES sertes rheometer, produced
by TA INSTRUMENTS, Inc.), and a storage elastic modulus was
15 measured by increasing a temperature up to 200°C at a rate of 3°C/min.
from 30°C using a parallel plate type attachment having a diameter of 8
mm. A measurement frequency was set to | Hz. After terminating
the measurement, for each of sample films of base layer (A) and
softening layer (B), the storage elastic moduluses at temperatures of
20 40°C, 100°C, and 150°C were read from the obtained storage elastic
modulus/temperature curve within a temperature range of 10 to 200°C.
For the sample film of adhesive layer (C), the storage elastic modulus
at 25°C was read from the obtained storage elastic modulus/temperature
curve within a temperature range of 10 to 200°C.
25 [0111] Manufacturing of Semiconductor Wafer Surface Protection

Film
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Coextrusion was performed for homo polypropylene (hPP)
(produced by Prime Polymer Co., Ltd.) having a density of 910 kg/m’
and serving as base layer (A) and linear low-density polyethylene
(LLDPE) (produced by Prime Polymer Co., Lt&.) having a density of
5 918 kg/m’ and serving as softening layer (B) to obtain a two-layered
coextrusion [ilm. The aforementioned UV-curable adhesive was
applied to softening layer (B) of the obtained coextrusion film and was
then dried to form adhesive layer (C), so that the semiconductor wafer
surface protection film was obtained. The thicknesses of base layer
10 (A), softening layer (B), and adhesive layer (C) of the semiconductor
wafer surface protection film were 60 pm, 70 pum, and 5 pm,
respectively, and a total thickness was 135 pm.
[0112] 2) Evaluation of Formability of Raised Portion (Rim)
The obtained semiconductor wafer surface protection film was
15 cut in a size larger than that of the sapphire wafer. Then, a sapphire
wafer having a thickness of 650 um and a size of 4 inches was disposed
on the semiconductor wafer surface protection film. In this case, the
patterned surface of the sapphire wafer contacts adhesive layer (C) of
the semiconductor wafer surface protection film. These materials are
20 set on a hot press machine, and thermocompression boﬁding was
performed at 140°C under a pressure of 10 MPa for 2 minutes.
[0113] Then, ultraviolet rays (1,000 mlJ) were directed onto the
semiconductor wafer surface protection film, and the semiconductor
wafer surface protection film was separated from the semiconductor
25  wafer. A cross-section of the obtained semiconductor wafer surface

protection film was observed with a microscope. The heights of two
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raised portions (rims) were measured in the cross section of the
semiconductor wafer surface protection film, and an average of the
measured values of height was obtained. As the height of. the raised
portion (rim), the height of the apex of the raised portion (rim) with
5 respect to the surface of semiconductor wafer surface protection film
contacting the patterned surface of the semiconductor wafer was
measured. The formability of the raised portion (rim) was evaluated
based on the following criteria.
o: height of the raised portion (rim) is equal to or higher than
10 200 ym; and
x: height of the raised portion (rim) is lower than 200 pm.
{0114] 3) Evaluation of Rear Surface Grinding Availability
As described above, the obtained semiconductor wafer surface
protection film was cut in a size larger than that of the sapphire wafer.
15 Then, a sapphire wafer having a thickness of 650 um and a size of 4
inches was disposed on the semiconductor wafer surface protection film.,
These materials were set on a hot press machine, and
thermocompression bonding was performed at 140°C under a pressure
of 10 MPa for 2 minutes.
20 [0115] Availability of 90 um Rear Surface Grinding
The semiconductor wafer surface protection film and the
sapphire wafer subjected to thermocompression bonding were set on a
chuck table of a grinder/polisher (DGP8761, produced by DISCO
Corporation), and the non-patterned surface (rear surface) of the
25  sapphire wafer was grinded in a wet type until the wafer thickness

reaches 90 pm. The wafer temperature for grinding was at about 40°C.
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5.5E+03 9.6E+03 9.6E+03 EO(60)/E8(25) 0.29 <0. <0 Density (kg/m3) 893 861 86 MFR (g/ Omin)

6.7 5.3 5.3 Thickness (gm) 70 70 30 Adhesive layer (C) Material UV-curable adhesive UV-curable
adhesive 2F12193-PCT

Then, the rear surface grinding availability was evaluated based on the
following criteria.
o: rear surface grinding can be performed until the wafer
thickness reaches 90 um; and
5 x: the substrate is fractured before the wafer thickness reaches
90 um (rear surface grinding is not possible).
[0116] Awvailability of 70 um Rear Surface Grinding
The sapphire wafer subjected to the rear surface grinding until
the wafer thickness reaches 90 pum was further grinded in a wet type
10 until the wafer thickness reaches 70 pm. Then, the rear surface
grinding availability was evaluated based on the following criteria.
o: rear surface grinding can be performed until the wafer
thickness reaches 70 um; and
x: the substrate is fractured before the wafer thickness reaches
15 70 um (rear surface grinding is not allowable).
[0117] 4) Evaluation of Configuration of Raised Portion Subjected to
Dry Polishing (DP)
Dry grinding (dry polishing) was performed on the sample
subjected to wet rear surface grinding in the above-described section 3)
20  for another 5 minutes. A wafer temperature at the time of dry
polishing was about 100°C. In addition, ultraviolet rays (1,000 ml)
were directed onto the semiconductor wafer surface protection film,
and then the sapphire wafer was separated from the semiconductor
wafer surface protection film. The height of the raised portion (rim)
25 was measured visually by observing the cross section of the obtained

semiconductor wafer surface protection film with a microscope. Heat
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UV-curable adhesive Storage elastic modulus Gc (Pa) 25C 9.0E+04 9.0E+04 9.0E+04 Peel strength

(N 25min) 33 3 Thickness () 555 Total thickness (gm) 135 135 65 Evaluation Thermal press
condition ?@&M&B@(C)

resistance in dry polishing (DP) was evaluated based on the following
criteria.
o: the height of the raised portion (rim) nearly corresponds with
a thickness of the wafer subjected to the grinding (rim remains without
5 Dbeing molten); and
x: the height of the raised portion (rim) is lower than the
thickness of the wafer subjected to the grinding (rim is molten and
lost).
[0118] 5) Surface Smoothness of Base Layer (A) Subjected to
10 Grinding
Surface smoothness of base layer (A) subjected to the dry
grinding (dry polishing) in the aforementioned paragraph 4) was
evaluated using a stylus profilometer (Dektac3, produced by Veeco
Instruments, Inc.). The evaluation of surface smoothness was
15 pefformed based on the following criteria.
o: the surface roughness Ra of base layer (A) caused by surface
shape transfer on the chuck table is lower than 1 um; and
x: the surface roughness Ra of base layer (A) caused by surface
shape transfer on the chuck table is equal to or higher than 1 pum.
20
Example 2
[0119] The semiconductor wafer surface protection film was
manufactured through processes similar to those of Example 1 except
that each of the thicknesses of base layer (A) and softening layer (B)

25 was changed to 30 pm, and similar evaluations were performed.
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11080 80 Pressure (MPa) 10 10 10 Time (minute) 2 2 2 Formability of raised portion subjected to

thermal press 0 o o Rear surface grinding availability (440C) 90gm o
2F12193-PCT

Example 3

[0120] The semiconductor wafer surface protection film was

manufactured through processes similar to those of Example 1 except

that a material of softening layer (B) was changed to ethylene-o-olefin
5 copolymer (TAFMER, produced by Mitsui Chemicals, Inc.) having a

density of 893 kg/m’, and similar evaluations were performed.

Example 4

0121] The semiconductor wafer surface protection film was
10 manufactured through processes similar to those of Example 1 except

that a material of softening layer (B) was changed to linear low-density

polyethylene (LLDPE) (produced by Prime Polymer Co., Ltd.) having a

density of 938 kg/m3, and each of the thicknesses of base layer (A) and

softening layer (B) is changed to 30 pum, and similar evaluations were

15 performed.

Example 5
[0122] The semiconductor wafer surface protection film was
manufactured through processes similar to those of Example 1 except
20 that a material of softening layer (B) was changed to random
polypropylene (rPP) (produced by Prime Polymer Co., Ltd.) having a
density of 910 kg/m?, and each of the thicknesses of base layer (A) and
softening layer (B) was changed to 30 um, and similar evaluations were
performed.
25

Comparative Example 1
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70gm x x x Configuration of raised portion subjected to DP (4100C) x x x Surface smoothness of
base layer subjected togrinding X x o [0128]As shown in Tables 1 and 2 it is recognized that the
raised pgﬁﬁc%g(?irﬁf'gan be appropriately formed through a thermal press using the semiconductor
wafer surface protection film of Examples 1 to 5 in 5which storage elastic modulusat 40C (GB(40)) of

softening lpyep 68) 2FF2193-R6 s aaualdoror Righer than 18 MPa, and theqsafer isnotdagmaged
even during the rear surface grinding. It is conceived that this is because the raised portion (rim) is not
molten, ang ihe: eggea:pedian of e wafet eanehe stali held avan dusingsthergdesurfage gsinding.

5[0129]In contrast, in the semiconductor wafer surface protection film of Comparative Examples 3 and
4 in whichth stofagesetastic mbdulus i dOC((G(40)) ot daftantg ayer(By is |pwky ihap 10:MPa it is
recognized that the wafer is damaged during the rear surface grinding although the raised portion (rim)
can be fortm@d thiqughithecthermaPrime Polymer Co., Ltd.) having a density of 910
5 kg/m’, and a material of softening layer (B) was changed to
ethylene-o-olefin copolymer (TAFMER, produced by Mitsui Chemicals,

Inc.) having a density of 893 kg/m’, and similar evaluations were

performed.

10 Comparative Example 2
[0124] The semiconductor wafer surface protection film was
manufactured through processes similar to those of Example 1 except
that a material of base layer (A) was changed to linear low-density
polyethylene (LLDPE) (produced by Prime Polymer Co., Ltd.) having a

15  density of 918 kg/m3, and a material of softening layer (B) was changed
to ethylene-a-élefin copolymer (TAFMER, produced by Mitsul
Chemicals, Inc.) having a density of 893 kg/m’, and similar evaluations

were performed.

20 Comparative Example 3
[0125] The semiconductor wafer surface protection film was
manufactured through processes similar to those of Example 1 except
that a material of base layer {(A) was changed to linear low-density
polyethylene (LLDPE)} (produced by Prime Polymer Co., Ltd.) having a
25  density of 918 kg/m”, and a material of softening layer (B) was changed

to ethylene-wo-olefin copolymer (TAFMER, produced by Mitsui
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10 press. It is conceived that this is because the raised portion (rim) is softened even during the rear
surface grind ng so that it is difficult to stably hold the edge portion of the wafer. [0130]Out of
ExampIeSQiFt}(?g?W@gthe wafer of Example 3 fractured in the 70 um grinding, the wafer of Example 2
is not fractured 15 even in the 70 nm grinding. It is conceived that this is because storage elastic
modulus at-4QG (GRAO ef safianing laver(B) of dressamiconsbicios avafer Surface.pratecsion film of
Example 2 is higher than that of the semiconductor wafer surface protection film of Example 3. In
addition, it eonceivedthad the wafer of Example 1 is 20 fractured in the 70 nm grinding because the
semiconductor wafer surface protection film is too thick relative to the wafer finish thickness so that is
difficult to limit deformation (deflection Or bending) of the semiconductor wafer. [0131]In the
semiconductor wafer surface protection films of 25Examples 1 and 2, t is recognized that the raised
portion (rii€ not saftened dveampachigh temperature of about 100C during the dry 2F12193-PCT
polishing (DP), and the edge portion of the sapphire wafer can be stably held. [0132]In Comparative
Examples 01023 it is rédognizediatitHe surfaceveiwothniestokbage dayet (A subjecteditasthe
grinding is low. 5 It is conceived that this is because base layer (A) of the semiconductor wafer
surface protéétid filivr sHCHN paislive examptes st vl Bihakostdrage lashia avalitus a¢ 1500t
(GA(150)) lower than 1 MPa, and a surface shape of the chuck table is transferred during rear surface
grinding. 1B suffae shdde drthe CHucksbieisneanstansd to the 10%utfaceisibage layér (A)
during rear surface grinding_in this manner, leakage of air may be easily generated between the chuck

table and BAR¥I&p&r papdriine SOmRbABGEST watel SHrfRedrBisdid it ik the B ffitdnductor
wafer surface protection film is fixed t qther chuck taple in the subsequent dicing process. If such
leakage of B BYenerdt &,ﬁﬁ&%e#iggr}d%&%afé} ﬁﬁgée%‘?ot'?é%ﬁ HR IS o1 RledoRihe chuck
table, which is not desirable. Example 6 [0133] ised portion (tim) was formed by attachijng the

o Him RO bt EAA AL B AR ABIA o Mot (REBAES SoLRey nd Bl Bt ot

thermocom rael%szil%rlotl)}%pgvigge(pres§ Oprlo%edss). [0134]Specifically, the semiconductor wafer surface

protection Tilm was Cutin a size Fafrgerr thari that of the sapphire wafer.In addition,  the sapphire

wafer havifg;a thicknggs.of 60 p.tm ana.a 3126 of 4 inehes 2§¥*’aﬁql%re@3rrﬁ‘3-igh%§%9g:i€ﬁé{"afer was

disposed on the semiconductor wafer surface protection film as illustrated in Fig. 2A.T ot plate

2F12193-RGI1uation results for the semiconductor wafer surface protection films
obtained through Examples 1 to 5 and Comparative Examples | to 4 are

15 given in Tables 1 to 3.
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was heated up to 140C, and the semiconductor wafer surface protection film was compressively
bonded to the sapphire wafer using a roller, so that a laminate including the sapphire wafer and the
semicondictbt WafBk-durface protection film was obtained. The roller 5pressure was set to 0.5 MPa,
and the roller speed was set to 10 mm/sec. [0135] As illustrated in Fig. 2C, the obtained laminate was
then |nterpp§@plebgtween the upper heatlng plate (heatlng plate disposed in the semiconductor wafer
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25semiconductor wafer surface protection film as compressively bonded to the sapphire wafer using a -
roller, so that a laminate including the 2F12193-PCT sapphire wafer and the semiconductor wafer
surface pr%?é@tic?ﬁ“ﬁﬁ\ was obtained. The roller pressure was set to 0.5 MPa, and the roller speed was
set to 10 mm/sec. [0141]As illustrated in Fig. 2C, the obtained laminate was then 5 interposed
between theg ypper heating plate (heating plate disposed in the semlconductor wafer surface protection

film)-and-the lower-heating plate-(heating-plate dispesed-in-the-
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performing thermocompression bonding (press process). Specifically, the semiconductor wafer surface
protection film was cut in a size larger than that of the sapphire wafer. In addition, the sapphire wafer
having a tRIckAESE B 650 nm and a size of 4 inches was prepared. The 25sapphire wafer was
disposed on the semiconductor wafer surface protection film as illustrated in Fig. 2A. The hot plate
was heategt3g12K12193-PCT 100C, and the semiconductor wafer surface protection film was

.WWMW%WWWW
vafer and the semiconductor wafer surface pro‘f@@ﬁgﬁtﬁf’rﬁ’w&@ )tg?{%m’flgﬁ%%ﬂ@ ess&&ﬂ%ﬁg 4é“‘et
U SG.S rVI:PG., C[IILI LIIC IUII?\[l %}J I.I was DCL LU LU IIIIIIIEwbPPEGj.‘ff?]T ICI1, GDLLB?EQLCU LA I_IU
pbtained lammatewas IlllclpUqu Ldla‘gl&dbll theuppe ting plate Ulcdﬂlig_l}dlfllc UIprqu IIJEI.L 3
SemicondUCtDYSWEQE Qlﬂiﬁa@e pIULCbLbLéI ||||||} ane tIIC 1 Einneath 1] plale { lcr.udng p!a e u1.)|.15u6oc 7;7": the
;m@i{@y\é&afemgmpg)ﬁMEamcf 10 prnc machine, :\ c pressive bond .
pressureg of 10 MPa for 180 qnmnﬂiég Irﬁ:thm gase, th@zl%r()‘?neramr of thé: %%r?ér heating pla?&@vﬁé set
0 110C, and the temgsatiiielse the lower heating plafdfwas set tb 90C, s8that average temp&tature
TP thereof was set to DK {48[04i48]Similar tp ExampPes6, the height of thé taised portion (rini) was
pbtained, and "Tensiodlire Radialiirection,” "Wrinkle," @nd "Floating (Sepafétion) after 48 houfs" were
evaluated. 2F12193-PCTyTahle|4 Example 6 ExXgniple #dxample 8ECRoommaipi na pFélletdy5lein
Base layer (A) Material hPP hPP_hPP hPP copolymer copolymer copolymer
Tensile elastfic 25°C 4. 9E+07 5.5E+6 5.5E+6
modulus Eg (Pa) 60°C 1 4E+07 1.6E+5 1.6E+5
Softening | Storage elastic 40°C LOE+07 8.0E+05 8.0E+05
layer (B) moduius Gj ig0°C 3.5E+04 4.7E+04 4. 7E+04
(Pa) 150°C 5.5E+03 9.6E+03 9.6E+03
Fp(60)/Eg(25) 0.29 <0.1 <01
Deasity (ko/m’) 893 861 861
MFR (g/10min) 6.7 5.3 53
Thickness {{im) 70 70 30
Material UV-curable adhesive UV-curable adhesive | UV-curable adhesive
Adhesive | Slorage clastic 250C 9.0E+04 9.0E-+04 9.0E+04
layer (C) modulus Ge (Pa)
Peel strength (N/25mm) 3 3 3
Thickness (pm) 5 5 5
Total thickness (um) 135 135 65
Temperature
Thermal press (°C) Ho 80 50
condition Pressure (MPa) 10 [0 10
Time {(minute) 2 2 2
Formability of raised portion o o o
subjected {o thermal press
Evaluation | Rear surface 90um o X X
grinding
availability 7(}p,m X X X
{(@40°C)
Configu;’atiog of raised portion < X <
subjected to DP {@100°C)
Surface smoothness of base layer
subjected to grinding * X 0
[0128] As shown in Tables 1 and 2, it is recognized that the raised

portion (rim) can be appropriately formed through a thermal press using

the semiconductor wafer surface protection film of Examples 1 to 5 in

which storage elastic modulus

at 40°C (Gp(40)) of softening layer (B)
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Storage elastic modulus GA(Pa) 40C 2.4E+08 2.4E08 2 4E08 2,4E1-08 00C 5.6E+07 5.6E+07

5.6E+07 5 6EQ07 150C 4.7E+06 4.7E+06 4.7E+06 4.7E+06 Density (kg/m3) 910 910 910 910
2F12193-PCT

is equal to or higher than 10 MPa, and the wafer is not damaged even
during the rear surface grinding. It is conceived that this 1s because
the raised portion (rim) is not molten, and the edge portion of the wafer
can be stably held even during the rear surface grinding.

5 [0129] In contrast, in the semiconductor wafer surface protection film
of Comparative Examples 3 and 4 in which a storage elastic modulus at
40°C (Gg(40)) of softening layer (B} is lower than 10 MPa, it is
recognized that the wafer i1s damaged during the rear surface grinding
although the raised portion (rim) can be formed through the thermal

10 press. It is conceived that this is because the raised portion (rim) is
softened even during the rear surface grinding so that it is difficult to
stably hold the edge portion of the wafer.

[0130] Out of Examples 1 to 5, while the wafer of Example 3 1s
fractured in the 70 pm grinding, the wafer of Example 2 is not fractured

15 even in the 70 um grinding. It is conceived that this is because
storage elastic modulus at 40°C (Gg(40)) of softening layer (B) of the
semiconductor wafer surface protection film of Example 2 is higher
than that of the semiconductor wafer surface protection film of
Example 3. In addition, it is conceived that the wafer of Example | is

20 fractured in the 70 pm grinding because the semiconductor wafer
surface protection film 1s too thick relative to the wafer finish
thickness so that it is difficult to limit deformation (deflection or
bending) of the semiconductor wafer.

[0131] In the semiconductor wafer surface protection films of

25 Examples 1 and 2, it is recognized that the raised portion (rim) is not

softened even at a high temperature of about 100°C during the dry
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MFR (g/10) 7 7 7 7 Thickness (um) 30 30 30 30 Softening layer (B) Material LLDPE LLDPE LLDPE

LLDPE Storage elastic modulus GB (Pa) 40C 9 3E+07 9 3E07 9 3E07 9.3E+07
2F12193-PCT

polishing (DP), and the edge portion of the sapphire wafer can be stably
held.
[0132] In Comparative Examples 1 to 3, it is recognized that the
surface smoothness of base layer (A) subjected to the grinding is low,
5 It is conceived that this is because base layer (A) of the semiconductor
wafer surface protection film of Comparative Examples 1 to 3 has
storage clastic modulus at 150°C (Ga(150)) lower than 1 MPa, and a
surface shape of the chuck table is transferred during rear surface
grinding. If the surface shape of the chuck table is transferred to the
10 surface of base layer (A) during rear surface grinding in this manner,
leakage of air may be easily generated between the chuck table and base
layer (A) of the semiconductor wafer surface protection film when the
semiconductor wafer surface protection film is fixed to another chuck
table in the subsequent dicing process. If such leakage of air is
15 generated, the semiconductor wafer surface protection film is not fixed

to the chuck table, which is not desirable.

Example 6

[0133] A raised portion (rim) was formed by attaching the same film
20 as that of Example 2 to a sapphire wafer (mount process) and

performing thermocompression bonding (press process).

[0134] Specifically, the semiconductor wafer surface protection film

was cut in a size larger than that of the sapphire wafer. In addition,

the sapphire wafer having a thickness of 650 um and a size of 4 inches
25 was prepared. The sapphire wafer was disposed on the semiconductor

wafer surface protection film as illustrated in Fig. 2A. The hot plate
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I00C 8.4E+06 8.4E+06 8.4E+06 8.4E+06 150C 6.2E+03 6.2E+03 6.2E+03 6.2E+03 Density (kg/m3)-

918 918 918 918 MFR (g/1 Omin) 3.8 3.8 3.8 3.8 Thickness () 30
2F12193-PCT

was heated up to 140°C, and the semiconductor wafer surface
protection film was compressively bonded to the sapphire wafer using a
roller, so that a laminate including the sapphire wafer and the
semiconductor wafer surface protection film was obtained. The roller
5 pressure was set to 0.5 MPa, and the roller speed was set to 10 mm/sec.
[0135] As illustrated in Fig. 2C, the obtained laminate was then
interposed between the upper heating plate (heating plate disposed in
the semiconductor wafer surface protection film) and the lower heating
plate (heating plate disposed in the sapphire wafer side) of the hot

10 press machine, and compressive bonding was performed with a pressure
of 10 MPa for 180 seconds. In this case, the temperature of the upper
heating plate was set to 140°C, and the temperature of the lower heating
plate was set to 120°C, so that average temperature TP thereof was set
to 130°C.

15 [0136] Ultraviolet rays (1,000 mlJ) were directed onto the
semiconductor wafer surface protection film, and then the
semiconductor wafer surface protection film was separated from the
sapphire wafer. A cross section of the obtained semiconductor wafer
surface protection film was observed with a microscope. The heights

20 of two raised portions (rims) were measured in the cross section of the
semiconductor wafer surface protection film, and an average of the
measured values of height was obtained.

[0137] 1. Tension in Radial Direction
After the press process, a weight (50 g) was applied to the center
25 of the sapphire wafer, and a film sinking degree was measured while the

semiconductor wafer surface protection film was attached to the ring
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30 30 30 Softening temperature TmB 116 116 116 116 Adhesive layer (C) Material UV-curable
adhesive UV-curable adhesive UV-curable adhesive UV-curable adhesive Storage elastic modulus

Gc (Pa) 25€19.6B+04%9.0E+04 9.0E+04

frame. If the film sinking degree is equal to or greater than 2 mm, it
was evaluated that there is no sufficient tension, and this case was
marked as “x.”
[0138] 2. Wrinkle
5 If, through visual inspection, 10 or more radial wrinkles are
observed from the semiconductor wafer surface protection film around
the sapphire wafer after the press process, this case was marked as “x.”
{0139] 3. Film separation after 48 hours
After the press process, the laminate was disposed at normal
10 temperature for 48 hours while the semiconductor wafer surface
protection f{ilm was attached to the sapphire wafer. Then, if a
separation of 1 mm or larger is observed between the wafer surface
protection film and the edge portion of the sapphire wafer, this case
was marked as “x.”
15
Example 7
[0140] A raised portion {(rim) was formed by attaching the same film
as that of Example 2 to the sapphire wafer (mount process) and
performing thermocompression bonding (press process). Specifically,
20  the semiconductor wafer surface protection film was cut in a size larger
than that of the sapphire wafer. In addition, a sapphire wafer having a
thickness of 650 pm and a size of 4 inches was prepared. The sapphire
wafer was disposed on the semiconductor wafer surface protection film
as illustrated in Fig. 2A. The hot plate was heated to 100°C, and the

25  semiconductor wafer surface protection film was compressively bonded

to the sapphire wafer using a roller, so that a laminate including the
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9.0E+04 Peel strength (N/25mm) 3 3 3 3 Thickness (gin) 5 5 5 5 Total thickness (um) 65 65 65 65

Mount process Hot plate temperature TM (C) 140 0.5 100 0.5 25 0.5
2F12193-PCT

sapphire wafer and the semiconductor wafer surface protection {ilm was
obtained. The roller pressure was set to 0.5 MPa, and the roller speed
was set to 10 mm/sec.
[0141] As illustrated in Fig. 2C, the obtained Iaminate was then
5 interposed between the upper heating plate (heating plate disposed in
the semiconductor wafer surface protection film) and the lower heating
plate (heating plate disposed in the sapphire wafer side) of the hot
press machine, and compressive bonding was performed with a pressure
of 10 MPa for 180 seconds. In this case, the temperature of.the upper
10 heating plate was set to 140°C, and the temperature of the lower heating
plate was set to 120°C, so that average temperature TP thereof was set
to 130°C.
f0142] Similar to Example 6, the height of the raised portion (rim)
was obtained, and “Tension in Radial Direction,” “Wrinkle,” and

15 “Floating (Separation) after 48 hours” were evaluated.

Example §
[0143] A raised portion (rim) was formed by attaching the same film
as that of Example 2 to the sapphire wafer (mount process) and
20 performing thermocompréssion bonding (press process). Specifically,
the semiconductor wafer surface protection film was cut in a size larger
than that of the sapphire wafer. In addition, the sapphire wafer having
a thickness of 650 um and a size of 4 inches was prepared. The
sapphire wafer was disposed on the semiconductor wafer surface
25  protection film as illustrated in Fig. 2A. The hot plate was heated to

25°C, and the semiconductor wafer surface protection film was
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100 0.5 Roller pressure (iv Pa)  Roller speed (mm/sec) 10 10 10 10 Press Process Upper heating

plate tempzeg‘?'[z%gsﬂ)%lf(C) 140 140 140 110 Lower heating plate temperature TP2 (C) 120 120 120

compressively bonded to the sapphire wafer using a roller, so that a
faminate including the sapphire wafer and the semiconductor wafer
surface protection film was obtained. The roller pressure was set to
0.5 MPa, and the roller speed was set to 10 mm/sec.

5 [0144] Then, as illustrated in Fig. 2C, the obtained laminate was
interposed between the upper heating plate (heating plate disposed in
the semiconductor wafer surface protection film) and the lower heating
plate (heating plate disposed in the sapphire wafer side) of the hot
press machine, and compressive bonding was performed with a pressure

10 of 10 MPa for 180 seconds. In this case, the temperature of the upper
heating plate was set to 140°C, and the temperature of the lower heating
plate was set to 120°C, so that average temperature TP therecof was set
to 130°C.

[0145] Similar to Example 6, the height of the raised portion (rim)

15 was obtained, and “Tension in Radial Direction,” “Wrinkle,” and

“Floating (Separation) after 48 hours”™ were evaluated.

Comparative Example 5

[0146] A raised portion (rim) was formed by attaching the same film
20 as that of Example 2 to the sapphire wafer (mount process) and

performing thermocompression bonding (press process). Specifically,

the semiconductor wafer surface protection film was cut in a size larger

than that of the sapphire wafer. In addition, the sapphire wafer having

é thickness of 650 um and a size of 4 inches was prepared“ The
25  sapphire wafer was disposed on the semiconductor wafer surface

protection film as illustrated in Fig. 2A. The hot plate was heated to
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90 Thermocompression bonding temperature TP C 130 130 130 100 Pressure (MPa) 10 10 10 10

Time (second) 80 180 180 180 Tension in radial direction allowable tension (0); unallowable tension o
0 X 2F12193-PCT :

100°C, and the semiconductor wafer surface protection film was
compressively bonded to the sapphire wafer using a roller, so that a
laminate including the sapphire wafer and the semiconductor wafer
surface protection film was obtained. The roller pressure was set to

5 0.5 MPa, and the roller speed was set to 10 mm/sec.
[0147} Then, as illustrated in Fig. 2C, the obtained laminate was
interposed between the upper heating plate (heating plate disposed in
the semiconductor wafer surface protection film) and the lTower heating
plate (heating plate disposed in the sapphire wafer side) of the hot

10 press machine, and compressive bonding was performed with a pressure
of 10 MPa for 180 seconds. In this case, the temperature of the upper
heating plate was set to 110°C, and the temperature of the lower heating
plate was set to 90°C, so that average temperature TP thereof was set to
100°C.

15 [0148] Similar to Example 6, the height of the raised portion (rim)
was obtained, and “Teﬁsion in Radial Direction,” “Wrinkie,” and

“Floating (Separation) after 48 hours” were evaluated.
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= 0-Rim Height (gm) 250 250 250 50 Wrinkle unallowable wrinkles (x); allowable wrinkles o x x 0

Separation after 48 hrs. unallowable separation (x); allowable separation (0) 0 0 0 x 2F12193-PCT

[0149] In Ezfd%b?é'g,qgmperature TM in the mount process was higher than temperature TP of the

press process, and temperature TP was higher than softening temperature TmB of softening layer (B)

by 14C. Farghis rgason, a rim having a sufficient height was formed,

Comparative

after 48 hrs.

allowable separation

(0]

Example 6 Example 7 | Example 8§ Example §
Material LPP hPP hPP hP?
S asti 40°C 2.4E+08 2.4E+08 2.4E+08 2. 4E+08
modulss G (pay | 100°C |5 6E+07 S6E<07 | S.6E+07 | 5. GEH07
B“f;)ayer 150°C | 4.7E+06 T.7EH06 | 4.7E+06 | 470406
: Density (kg/m®) 910 910 9190 910
MER (g/i0min) 7 7 7 1
Thickness {(um) 30 30 30 30
Material LLDPE LLDPE LLDPE LLDPE
51 lasti 40°C 9.3E+07 9.3E+07 9.3E+07 9,3E+07
torage elastic P - - "

. modulus Gy (Pa) He°C 8.4E+006 8.4E+06 8. 4E+06 8. 4E+06
Softening _ 156°C 6.2E+03 6.2E+G3 6.2E+03 §.2E+03
layer (B) Density (kg/m’) 918 918 918 918

MFR (g/10min) 1.8 3.8 3.8 3.8
Thickness {um) 30 30 34 30
Softening temperature
TmB 116 116 116 116
Material UV-curable  UV-curable | UV-curable | UV-curable
' adhesive adhesive adhesive adhesive
Adhesive Storage elastic o -
ayer (C) |_moduius Ge (Pa) 25°C G.0E+04 9.0E+04 9.0E+04 9.0E+04
' Peel strength (N/25mm) 3 3 3 3
Thickness (pm) 5 5 5 5
Total thickness (um) 65 65 53 65
Hot piate teomperature ™ 140 100 75 166
Mount (°C)
process Rolier pressure (MPa) 0.5 3.3 0.5 0.5
Reller speed {mm/sec) 19 10 i 1
Upper heating plate
temperature TP1 (°C) 140 140 140 1o
Lower heating plate
temperature TP2 (°C) 120 120 120 90
Press Thermocompression
process bonding temperature TP 130 130 130 100
(°C)
Pressure (MPz) 10 1o 10 10
Time (second) 180 180 180 180
altowable teasion
Tension in {o};
radial direction | unallowable tension © © X o
(X}
Rim Height (pm) 250 250 259 50
unaliowable wrinkles
- (x);
Wrinkle allowable wrinkles © X * 0
(o)
unallowable
Separation separation (x); o o % o
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5and there were no wrinkle and no separation between the sapphire wafer and the protection film.
[0150]In Example 7, temperature TM of the mount process is lower than temperature TP of the press
process bQ@b@%P%Ts reason, while it was possible to form a rim having a sufficient height, 10
generation of wrinkles was recognized. Further, in Example 8, temperature TM of the mount process is

lower thantemperatyre ER Ahibrprese prpsessly I0RC Fahtig iaseprwhilg it wag possible to form
a rim having a sufficient height, generation of wrinkles was recognized, and a separation between the

sapphire wafex énd the, Leproiection fimmwas alspd egegnized-dOd 5] In £ompanativedsxampte 5,
temperature TP of the press process is lower than softening temperature TmB of softening layer (B).
For this reason hit gtasrdiffieult {0 form agine haying asufficiam hefghs. 20nExanmiple O [QB52)#yraised
portion (rim) was formed by attaching the same film as that of Example 2 to the sapphire wafer (mount
process) andi’gerforiwng they cenprassion itonhling fresssprofiesshpeciticallyy Hie femieanductor
wafer surface protection film was cut in a size larger 25than that of the sapphire wafer. In addition, the
sappHire warfdrthavingreetivickness iofk6502amh andsa size: bfohirkchesewast prepapgeh ifleew2F$2193-PCT
sapphire wafer was disposed on the semiconductor wafer surface protection film as illustrated in Fig.
2A. The hetplath svasHeatd to 140C, and the semiconductor wafer surface protection film was
compressively bonded to the sapphire wafer using a roller, so that a 5 laminate including the sapphire
wafer and tAé $8Micdadlicteripdfer/sutfaee pratacitor Mmadaisbtamedt THE fsifsr prebatirerwas set
to 0.5 MPa, and the roller speed was set to 10 mm/sec. [0153]Then, as illustrated in Fig. 2C, the
obtained I&RRafe WaS itbipssdd befwlth e &pplf Peatingiyatd (Heatinf Platd tispeaéann 10 the

semiconduc%&r wafer surface protegction filmﬁ and the lower heating plate %\lﬁating plate disposed in the

sapphire WAFE? Sidk) ofthe HOP HHEREmARNIAR! BndicomiPredtiVe Bonding WasHESmisd $itth a

pressure of 10 MPa for 180 seconds. In this case, the temperatyre of the upper heatin glaée was set
g El

to 140C, a%?jriﬁéattelr%ﬁergtgré"’éf 16wet Healifi§ 1BPI&E Was det tb"tdoc! So thse
tem.pefat%e&g&@g{ﬁ%wqa[sg%t%é%b@%?@;f@g&SS'ﬁ%"%%'%%@i%&ﬁ%%bfé&?&%W%%a'sed
portion (rlm(j was measured.
the press process by 105°C. For this reason, while it was possible to
form a rim having a sufficient height, generation of wrinkles was
recognized, and a separation between the sapphire wafer and the
15 protection film was also recognized.
[0151] In Comparative Example 5, temperature TP of the press

process is lower than softening temperature TmB of softening layer (B).

For this reason, it was difficult to form a rim having a sufficient height.

20 Example 9
{0152] A raised portion (rim) was formed by attaching the same film
as that of Example 2 to the sapphire wafer (mount process) and
performing thermocompression bonding (press process). Specifically,
the semiconductor wafer surface protection film was cut in a size larger
25  than that of the sapphire wafer. In addition, the sapphire wafer having

a thickness of 650 pm and a size of 4 inches was prepared. The
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20Example 10 [0155] A ratsed portion (rim) was formed by attaching the same film as that of Example
2 to the sa 1phire wafer (mount process) and performing thermoeompression bonding (press process).
Specificall£ {Hd Shfidonductor wafer surface protection film was cut in a size larger 25than that of the
sapphire wafer. In addition, the sapphire wafer having a thickness of 650 um and a size of 4 inches

was prepaggdy hhge 2R12EI3-RGT sapphireswafer was disposed ondhe semiganductep wafeg surface
protection film as illustrated in Fig. 2A. The hot plate was heated to 140C, and the semiconductor

wafer surfaee reteston fith yasicospresaivalybignded to thensapRhirglwaderusing.a relleroso that a
5laminate including the sapphire wafer and the semiconductor wafer surface protection film was

obtained. Thegrofler pressuieewas: setdois MbBa, andrthe rollefspeed was sabe 18 mim/segs [0156]As
illustrated in Fig. 2C, the obtained laminate was then interposed between the upper heating plate
(heating platengispesedeiry Tothe skmicahductop plafee suddee protegtian fiieand: the lewes heating
plate (heating plate disposed in the sapphire wafer side) of the hot press machine, and compressive
bondifg whsperformed atitkd engredsure of 1D iMPavof 148G setorius. 48 this cade ctive terg@mature of
the upper heating plate was set to 140C, and the temperature of the lower heating 15plate was set to
140C, so thiat Bt aprotera peraturd MPwheradf e esbt to The O Jbls7tess ugienitas to Example 6, the

height of the raised portion (rim) was measured. 2F12193-PCT Table 5 Example 9 Example 10 Base
layer (A) MateMiPippadppe roller speed was set to 10 mm/sec.

[0153] Then, as illustrated in Fig. 2C, the obtained laminate was
interposed between the upper heating plate (heating plate disposed in
10 the semiconductor wafer surface protection film) and the lower heating
plate (heating plate disposed in the sapphire wafer side) of the hot
press machine, and compressive bonding was performed with a pressure
of 10 MPa for 180 seconds. In this case, the temperature of the upper
heating plate was set to 140°C, and the temperature of the lower heating
15 plate was set to 100°C, so that average temperature TP thereof was set
to 120°C.
[0154] Then, similar to Example 6, the height of the raised portion

{(rim} was measured.

20  Example 10
t0155] A raised portion (rim) was formed by attaching the same film
as that of Example 2 to the sapphire wafer (mount process) and
performing thermocompression bonding (press process). Specifically,
the semiconductor wafer surface protection film was cut in a size larger
25  than that of the sapphire wafer. In addition, the sapphire wafer having

a thickness of 650 um and a size of 4 inches was prepared. The
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Storage elastic modulus GA (Pa) 40C 2.4E+08 2.4E+08 100C 5.6E+07 5.6E07 150C 4.7E+06

4.7E06 Density (kg/m3) 910 910 MFR (g/10min) 7 7 Thickness (m) 30 30 Softening
2F12193-PCT

sapphire wafer was disposed on the semiconductor wafer surface
protection film as illustrated in Fig. 2A. The hot plate was heated to
140°C, and the semiconductor wafer surface protection film was
compressively bonded to the sapphire wafer using a roller, so that a
5 laminate including the sapphire wafer and the semiconductor wafer
surface protection film was obtained. The roller pressure was set to
0.5 MPa, and the roller speed was set to 10 mm/sec.
[0156] As illustrated in Fig. 2C, the obtained laminate was then
interposed between the upper heating plate (heating plate disposed in
10 the semiconductor wafer surfaqe protection film) and the lower heating
plate (heating plate disposed in the sapphire wafer side) of the hot
press machine, and compressive bonding was performed with a pressure
of 10 MPa for 180 seconds. In this case, the temperature of the upper
heating plate was set to 140°C, and the temperature of the lower heating
15 plate was set to 140°C, so that average temperature TP thereof was set
to 140°C.
[0157] Then, similar to Example 6, the height of the raised portion

(rim) was measured.
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layer (B) Material LLDPE LLDPE Storage elastic modulus GB (Pa) 40C 9 3E07 9 3E07

I00C

8.4E+06 8.4E+06 50C 6.2E+03 6.2E+03 Density (kg/m3) 918 918 MFR (g/ Omin) 3.8 3.8

2F12193-PCT

Table 5
Example 9 Example 10
Material hPP hPP
Y Lasti 40°C 2. AE+038 2.4E6+08
| modules G, (pa) |L00°C 5.6E+07 5.6E+07
BaS?Al)ayel . ' 0°C 4 TE+Q6 4. TETGE
Density (kg/m’) 910 910
MER (g/i0min) 1 7
Thickness (pm) 30 30
Material LLDPE LLDPE-
St lasti 40°C 9.3E+07 9.3E+07
PLOrage elastic — Mhpee R.4E106 8 4E+06
_ modulus Gg (Pa)
Softening 150°C 6.2E+03 6.2E+03
layer (B) Density (kg/m®) 918 918
MFR (g/10min) 3.8 3.8
Thickness (um) 30 30
Softening temperature
TmB 116 116
M . UV-curable UV-curable
aterial . .
adhesive adhesive
Adhesive Storage elastic _
25°C 9.0E+04 JOE+
layer (C) moedulus Ge (Pa) 0 9.0E+04
Peel strength {N/25mm) 3 3
Thickness {pm) 5 5
Total thickness (um) 55 65
Temperature of hot piate
Mount TM(°C) 140 140
process Roller pressure (MPa) 0.5 8.5
Roller speed {mm/sec) 1 10
Temperature of upper
heating plate TP1 {°C) 140 140
Temperature of Jower
heating plate TP2 (°C) 1o 140
Press Thermocompressien
process bonding temperature TP 120 144
(°C)
Pressure {MPa) 10 10
Time (sec) 180 180
Rim Height (pm) 270 170
[0158] In Example 9, temperature TM of the mount process is higher

than temperature TP of the press process, and temperature TP is higher

than softening temperature TmB of softening layer (B) by 4°C.

In

5 addition, temperature TPl of the upper heating plate in the press

process is higher than temperature TP2 of the lower heating plate.
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Thickness (um) 30 30 Softening temperature TmB 116 116 Adhesive layer (C) Material UV-curable
UV-curable dhesive adhesive Storage elastic modulus Gc (Pa) 25C 9.0E+04 9.0E+04 Peel strength
(N/25m) 32T hidkReBS tum) 5 5 Total thickness (um)

this reason, a rim having a sufficient height was formed.

[0159] Meanwhile, in Example 10, temperature TM of the mount

process is equal to temperature TP of the press process. In addition,

temperature TP1 of the upper heating plate in the press process is equal
5 to temperature TP2 of the lower heating plate. For this reason, the rim

was slightly flattened, and the height of the rim decreases compared to

Example 7.

Examples 11 to 14
10 [0160}] A raised portion (rim) was formed by attaching the same film
as that of Example 2 to the sapphire wafer (mount process) and
performing thermocompression bonding (press process). Specifically,
the semiconductor wafer surface protection film was cut in a size larger
than that of the sapphire wafer. In addition, the sapphire wafer having
15 a thickness of 650 um and a size of 4 inches was prepared. The
sapphire wafer was disposed on the semiconductor wafer surface
protection film as 1llustrated in Fig. 2A. The hot plate was heated to
140°C, and the semiconductor wafer surface protection film was
compressively bonded to the sapphire wafer using a roller, so that a
20 laminate including the sapphire wafer and the semiconductor wafer
surface protection film was obtained. The roller pressure was set to
0.5 MPa, and the roller speed was set to 10 mm/sec.
[0161] Then, as illustrated in Fig. 7A, the obtained laminate was
interposed between the upper heating plate (heating plate disposed in
25 the semiconductor wafer surface protection film) and the lower heating

plate (heating plate disposed in the sapphire wafer side) having a
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65 65 Mount process Temperature of hot plate TM (C) 140 140 Roller pressure (MPa) 0,5 0.5 Roller
speed (mm/sec) 10 10 Press process Temperature of upper heating plate TPI (C) 140 140
Temperatéélat e heating plate TP2 (C) 100 140

conical protrusion as illustrated in Fig. 7B of the hot press machine,
.and compressive bonding was performed with a pressure of 10 MPa for
180 seconds. In this case, the temperature of the upper heating plate
was set to 140°C, andthe temperature of the lower heating plate was set
5 to 120°C. In Example 11, the height of the protrusion was set to 0 pm
(no protrusion). In Example 12, the height of the protrusion was set to
5 pm. In Example 13, the height of the protrusion was set to 15 pm.
In Example 14, the height of the protrusion was set to 25 um. In each
of Examples 11 to 14, a thickness difference (difference between the
10 maximum thickness and the minimum thickness) of the semiconductor
wafer surface protection film subjected to the press process was

measured, and the height of the raised portion (rim) was measured as in

Example 6.
Table 6
Height of conical Thickness ) )
i } Height of rim
protrusion difference
(pm)
(pm) (hm)
Example 11 0 15 >200
Example 12 5 13 >200
Example 13 15 4 =200
Example 14 25 7 about 200

t5 [0162] As shown in Table 6, by providing a protrusion in the lower
heating plate, it is possible to limit a thickness difference of the
semiconductor wafer surface protection film subjected to the press

process and also form the raised portion (rim).

20 Industrial Applicability

[0163] The semiconductor wafer surface protection film according to
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Thermocompression bonding temperature TP (C) 120 140 Pressure (MPa) 10 10 Time (see) 80 180
Rim Heigh 270 170 [01 5 8] In Example 9, temperature TM of the mount process is higher than
temperatu?gfﬁj%f' Tpress process, and temperature TP is higher than softening temperature TmB
of softening layer (B) by 4C. In 5addition, temperature TP1 of the upper heating plate in the press
process ishighsrdbantemperatiye 102 efthe lower heating Rlale-iitli #E 19 183BE T dhigitgason, a

rim haying a sufficient height was formed. [0159] Meanwhile, in Example 10, temperature TM of the
mount progessds @gual ¢ temperaiurerhi2 0t the pressiiocass. IvadditioRuch as sapphire

10

15

20

wafers.

Reference Signs List

[0164]

1 SAPPHIRE SUBSTRATE

2 WAX RESIN LAYER

3 ABRASIVE MATERIAL

4 CONVENTIONAL SEMICONDUCTOR WAFER PROTECTION FILM
10 SEMICONDUCTQR WAFER SURFACE PROTECTION FILM

12 BASE LAYER (A)

[4 SOFTENING LAYER (B}

16 ADHESIVE LAYER (C)

I8 LESS ADHESIVE LAYER (D)

20 SEMICONDUCTOR WAFER

20A PATTER_NED SURFACE OF SEMICONDUCTOR WAFER

20B NON-PATTERNED SURFACE (REAR SURFACE) OF
SEMICONDUCTOR WAFER

22-1 UPPER HEATING PLATE

22-2 LOWER HEATING PLATE

24 RAISED PORTION (RIM)

26 CHUCK TABLE

28 ABRASIVE MATERIAL
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temperature TP1 of the upper heating plate in the press process is equal 5 to temperature TP2 of the -
lower heating plate. For this reason, the rim was slightly flattened, and the height of the rim decreases
compared 45 Bx8Mmpfel7. Examples 11 to 14 10[0160]A raised portion (rim) was formed by attaching
the same film as that of Example 2 to the sapphire wafer (mount process) and performing
thermocompress on bonding (press process). gpesificpdy, the semiconductor wafer surface protection
film was cut in a size larger than that of the sapphire wafer.In addition, the sapphire wafer having 15a
thickness of|@%@ um and a gize of hinCRsWasPreRased: The sapphire wafgr wasglisposgg,on the
semiconductor wafer surface protection film as illustrated in Fig. 2A. The hot plate was heated to 140C,
and the seqiggndyetar wafer surface protection film was compressively bonded to the sapphire wafer
using a roller, so that a 20laminate including the sapphire wafer and the semiconductor wafer surface
protection film washeltained, Ehe ¢aller piesayre avastsette0. Mbac anddbe rolerspeesioras set to 10
mm/sec. [0161]Then, as illustrated in Fig. 7A, the obtained laminate was interposed between the
uppersheatitg, plte (hedting pédte dispdsaxhiry 25the deviCendaiatbr wafer surface protection film) and
the lower heating plate (heating plate disposed in the sapphire wafer side) having a 2F12193-PCT
conical protrusion as fillestratedlimyRiy. 7B of bhe’ hog press maskine canstcommpredsilesboridirng was
performed with a pressure of 10 MPa for 180 seconds. In this case, the temperature of the upper
heating plafenpas sttie 340 tasdfiie terhperatureddrthe(fowét Réatind plate was eenl5t® ¢P0C. In
Example 11, the height of the protrusion was set to O um (no protrusion). In Example 12, the height of
the protrusidf Washset 8-8 A Freatple 13 age Kéight ofthedirbitusibrt Was §6t164B)p.Af In
Example 14, the height of the protrusion was set to 25 p.m. In each of Examples 11 to 14, a thickness
difference {diffetec® hétivdi thia ol fa¥ifrim thickness and the minimum thickness) of the
semiconductor wafer surface protection film subjected to the press process was measured, and the
heigﬁpof the raised portion (rim) was measured as in Example 6. Table 6 Height of conical protrusion

(Pm)Thlcl@{easlsmdlﬁferenceThe semiconductor wafer surface protection film

according to claim 1, wherein a storage elastic modulus at 100°C

(Gp(100)) of the softening layer (B) 1s equal to or higher than 1 MPa.

15  Claim 3 The semiconductor wafer surface protection film
according to ciaim I, wherein a tensile elastic modulus at 60°C Eg(60)
of the softening layer (B) and a tensile elastic modulus at 25°C
(Eg(25)) of the softening layer (B) satisfy the relationship 1 >
Er{60)}/ER(25) > 6.1.

20
Claim 4 The semiconductor wafer surface protection film
according to claim 1, further comprising adhesive layer (C) disposed
opposite to the base layer (A) across the softening layer (B),

wherein an adhesive force of the adhesive layer (C) measured in

25 accordance with JIS-Z0237 i 0.1 to 10 N/25 mm.
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Height of rim (Pm) Example 1i 0 15 >200 Example 12 5 13 >200 Example 13 15 4 >200 Example 14 25
7 about 200 15[0162]As shown in Table 6, by providing a protrusion in the lower heating plate, is
possible taitdit ¥ thfekness difference of the semiconductor wafer surface protection film subjected to
the press process and also form the raised portion (ri ) 20Industrial Applicability [0163]The

semicond@qtgfﬂygfel_r Surf?@%Bmt@@ﬂ@fbﬁ'ﬁ%@é@@ﬁdi”%Q&Fl?slﬁ%%@'r tB?&r@éﬁ'&tﬂ”V%ﬂﬁn allows
for ear surface grinding without causing damages even to hard, fragile semiconductor wafers such as
sapphire waless adRefesenceipigns kisklEi®Adlhe base layer (A) is an outermost layer

of the semiconductor wafer surface protection film.

5 Claim 6 The semiconductor wafer surface protection film
according to claim 4, wherein the adhesive layer (C) is an outermost
layer positioned opposite to the base layer (A) across the softening

layer (B).

10 Claim 7 The semiconductor wafer surface protection film
according to claim [, wherein the softening layer (B) includes a
homopolymer of a hydrocarbon olefin, a copolymer of a hydrocarbon

olefin, or a mixture thereof.

15  Claim 8 The semiconductor wafer surface protection film
according to claim 1, wherein a resin constituting the softening layer

(B) has a density of 880 to 960 kg/m”.

Claim 9 The semiconductor wafer surface protection film
20 according to claim 1, wherein the base layer (A) is a polyolefin layer, a
polyester layer, or a laminate of the polyolefin layer and the polyester

layer.

Claim 10 A method of manufacturing a semiconductor device,
25  comprising:

disposing a semiconductor wafer on a semiconductor wafer
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1 SAPPHIRE SUBSTRATE 2 WAX RESIN LAYER 3 ABRASIVE MATERIAL 10 4 CONVENTIONAL
SEMICONDUCTOR WAFER PROTECTION FILM 10 SEMICONDUCTOR WAFER SURFACE
PROTECEONIPA-R(12 BASE LAYER (A) 14 SOFTENING LAYER (B) 16 ADHESIVE LAYER (C) 15
18 LESS ADHESIVE LAYER (D) 20 SEMICONDUCTOR WAFER 20A PATTERNED SURFACE OF

SEMICONRYETOR YWWAEERi40B NN PATERRNER, SURFAGE(REAR SMRFACELPF the
SEMICONDUCTOR WAFER 20 22-1 UPPER HEATING PLATE 22-2 LOWER HEATING PLATE 24

RAISED PRRiFKIN (R¥VD 26 GHEEK TABLE 28 ABRASIVE MO BRI r 2RE2193-PLal GLAIMS

Claim 1Asemiconductorwafersurfaceprotectionfilm comprising: base layer (A) having a storage
elastic mogulus atibd0€ BGA(150)) of equal to or higher than 1 MPa; and softening layer (B)
having a storage elastic modulus at a temperature selected from 120 to 180C (G( 120to 180)) of equal
to or lower than 0.06 MviRa @ asharagecelastin firodulks atfA0e(GBM D) pafdegualtoxar fligher than 10
MPa . 10 Claim 2The semiconductor wafer surface protection film according to claim 1, wherein a
storage elasiicadopohisat X00CH(GBEXON) pofdthetsofteniheriayer {B) 4s mopia o on hfgher tlan 1 MPa.
15Claim 3The semiconductor wafer surface protection film according to claim 1, wherein a tensile
elastic moHallsi ne6dC E3(B0Y of thecsoftenintp kiyer (B) and a tensile elastic modulus at 25C (E8(25))
of the softening layer (B) satisfy the relationship 1 > EB(60)/EB(25) > 0.1. 20 Claim 4The
semiconductor waiiggfage proteaidrptisy aécordiidas i theurifereopdstisnig adiesdie layer (C)

disposed opposﬁe to the base layer (A) across the softening layer (B),
held by the raised portion; and

separating the semiconductor wafer surface protection film from
10 the patterned surface of the semiconductor wafer,
wherein a storage elastic modulus at 100°C (G(100)) of the

raised portion is equal to or higher than | MPa.

Claim 11 The method according to c¢laim 10, wherein the
15 semiconductor wafer surface protection film is the semiconductor wafer
surface protection film according to claim 1, and
the raised portion 1s formed by performing thermocompression
bonding for the semiconductor wafer surface protection film and the
semiconductor wafer under a pressure of 1 to 10 MPa at 120 to 180°C.
20
Claim 12 The method according to claim 11, wherein temperature
TM of the film i1n the step of disposing the semiconductor wafer on the
semiconductor wafer surface protection film such that the patterned
surface of the semiconductor wafer contacts the semiconductor wafer
25  surface protection film, a thermocompression bonding temperature TP

in the step of forming the raised portion of the semiconductor wafer

73



wherein an adhesive force of the adhesive layer (C) measured in 25accordance with JIS-Z0237 is 0.1
to 10 N/25 mm. 2F12193-PCT Claim 5The semiconductor wafer surface protection film according to
claim |, wharéi d’bdse layer (A) is an outermost layer of the semiconductor wafer surface protection
film. 5Claim 6The semiconductor wafer surface protection film according to claim 4, wherein the

adhesive Igyerd€J isan eaermostdaygr pasiioned @pposite to:the Paseulayertimcergss ifig: softening
layer (B). 10Claim 7The semiconductor wafer surface protection film according to claim 1, wherein the

softening layefdB)nnciudeas a Bomonekmer of:a iyt peaebepniefisnacopolymer abalbydragarbon

olefin, or a mixture thereof. 15Claim 8The semiconductor wafer surface protection film according to
claim 1, wheneinia figsin constituting the softening layer (B) has a density of 880 to 960 kg/m3. Claim
9The semiconductor wafer surface protection film 20 according to claim 1, wherein the base layer (A)
is a polyoléfith layer, a polyester layer, or a laminate of the polyolefin layer and the polyester layer.
Claim 10A method of manufacturing a semiconductor device, 25comprising: disposing a
semicdonductorwblidr on a.$émiconductdy wafer 2F12193-PCT surface protection film such that a
patterned surface of the semiconductor wafer contacts the semiconductor wafer surface protection
film; fictining around a circumference of the semiconductor wafer a raised portion of the
semiconductor wafer surface protection film for holding the semiconductor wafer; grinding a
nonpatterned Burfaéd of therderiddhductor welfENaIE B§ the raised portion; and separating
the semiconductor wafer surface protection film from 10the patterned surface of the semiconductor
wafer, wherein a storage elastic modulus at 100C (G(100)) of the raised portion is equal to or
higher than, 1 MPa. Claim 11 The method according.to claim 10, wherein the 15semiconductor wafer
surface pr& %’t?Br?jfﬁm is the SemitoHdor d&feH dif&ce Proteciorfilnt decortitty t9t1ait 4, and
the raisedg)ortlon IS orrped b Ezerformi(g%therm compression bondin%for the seﬁ%nicondfctor wafer

surface pr SRHSA T And the*demitondUdS Ward undér 836Pel§solﬂ8 f o Y5 MPa 8 1%0%0 180C.

20 protection film such that the softening layer (B) of the semiconductor
wafer surface protection film is disposed on the patterned surface side

of the semiconductor wafer relative to the base layer (A).

15  Claim 14 The method according to c¢laim [0, wherein the
semiconductor wafer includes a high-hardness substrate having a Mohs’

hardness of 8 or higher.

Claim 15§ A semiconductor wafer press apparatus that presses a
20 mount frame that includes a sémiconductor wafer, ring frame A having
a rim surrounding the semiconductor wafer, and the semiconductor
wafer surface protection film according to claim [ attached over a
patterned surface of the semiconductor wafer and the frame A, with the
mount frame being interposed between an upper press plate having a
25  heating mechanism and a lower press plate opposite to the upper press

plate,
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Claim 2The method according to claim 11, wherein temperature TM of the film in the step of disposing
the semiconductor wafer on the semiconductor wafer surface protection film such that the patterned
surface of thésEliBSrductor wafer contacts the semiconductor wafer 25surface protection film, a
thermocompression bonding temperature TP ine step of forming the raised portion of the

semiconductor wafemn ZRkA1B3IRG T stifacehroreotion fili, andsefiepinadersperatire, TmRiof the
softening layer (B) satisfy relationships represented by the following equations: 5TP TM...(Equation I)

[2] TMB < it &r TaBn AQE. Eqasion &) £lainils The methgdacearding imelaim £l wihgsain the 10
semiconductor wafer is disposed on the semiconductor wafer surface protection film such that the
softening layer (BWwokthe Aemiconductor wafer surface protection film is disposed on the patterned
surface side of the semiconductor wafer relative to the base layer (A). 15Claim 14The method
according to claim t1G; Whereinithesse mieteduetorwarifet inslucke sca highihdidne ssygubsttatédaving a
Mobs' hardness of 8 or higher. Claim 15A semiconductor wafer press apparatus that presses a 20
mouni frarblecthi rfclugiess a péaticonauttor wafer, ring frame A having a rim surrounding the
semiconductor wafer, and the semiconductor wafer surface protection film according to claim |
attached over a pattefiiéd sirfacesiehe derhicoRalesr wafet and Rie Frame A, Withtthe afount frame
be ng nterposed between an upper press plate having a 25heating mechanism and a lower press plate
opposite t& tHE Uphel Prasthsiate o wab 1 gaepetr the (imereff obtsrdidiieftt DW 6fkRelar
semiconductor wafer and inner diameter DAR,: of ring frame A satisfy the relationship Equation (1):
DW < DAm,ape' the lower press plate has a protrusion on a surface opposite to 5the upper press
plate, and a circumference of a surface of the protrusion that makes contact with the mount frame
at the time of pressing has a circular shape. 10Claim 16The semiconductor wafer press apparatus

accorgling oy giaim, >, whergin the profisipnenas angaM 9L & 190 aratus according to

claim 15, wherein the protrusion has a height of 1 to 100 pm.

Claim 17 The semiconductor wafer press apparatus according to
claim 15, wherein a height of the protrusion is within 15 to 100% of a
15  thickness of the softening layer (B) of the semiconductor wafer surface

protection film.

Claim 18 The semiconductor wafer press apparatus according to
claim 15, wherein diameter CD of the protrusion satisfies the

20 relationship DW < CD < DA .

Claim 19 A semiconductor wafer mount apparatus for
manufacturing a mount frame including a semiconductor wafer,
ring-like supporting member B surrounding the semiconductor wafer,
25 ring frame A surrounding the semiconductor wafer and ring-like

supporting member B, and the semiconductor wafer surface protection

75



- Claim 17The semiconductor wafer press apparatus according to claim 15, wherein a height of the
protrusion is within 15 to 100% of a 15thickness of the softening layer (B) of the semiconductor wafer
surface pr@@&i@%‘fﬁﬁ?daim 18The semiconductor wafer press apparatus according to claim 15,
wherein diameter CD of the protrusion satisfies the 20relationship DW < CD < Claim

19AsemicondHcipewatermeuniapparatysior manufactudng A moyat framednglyding @ samigenductor
wafer, ring-like supporting member B surrounding the semiconductor wafer, 25ring frame A

surrounding: thesendeenduciarfvafer apd ring-Hke supperting BienbeRB aant thesemiganductor wafer
surface protection 2F12193-PCT film according to claim 1 attached over a patterned surface of the
semiconductor wafeth ¢ingdikeeppbirding teenib@r Bf ahd rrgiffameddctor whigreimauten diameter
DW of the semiconductor wafer, an inner diameter DAIN of ring frame A, ring outer diameter DBouT of
ring-like S5d&appettingidembef B randmimganAerdiagnetered Bil:of ¢ing-[IRE suppoitingumeiniber B
satisfy the relationship Equation (1): DW < DBIN < DBouT < DAu,T, and the semiconductor wafer
mount apperatusiéonprisesmber B.a heating ueit ivatdreats ansatfaceldBpositeftorarpatiekeed
10surface of the semiconductorwafer; an attaching roller that rolls over a patterned surface of the
semicondudtdPwaren grinechiabes A antififg-tike sapporingmekiserBionattheh ¥ seniddnductor
wafer surface protection film; and a tape cutting mechanism that cuts the surface protection film
15along aﬁe%%@@ﬁsﬁa@e‘*@ﬁviﬁ@ﬁame A. Claim 20The semiconductor wafer mount apparatus
according to claim 19, wherein both differences AD! and AD2 expressed as the following equations

are within 1% of oUteF GIaMETSMSWE b7 th Stk miedndut i bafers ABTEDHEAN - DW; ... (2) AD2 =

DAIN - DBouT (3 . : .
()a heating unit that heats a surface opposite to a patterned

10 surface of the semiconductor wafer;
an attaching roller that rolls over a patterned surface of the
semiconductor wafer, ring frame A, and ring-like supporting member B
to attach the semiconductor water surface protection film; and
a tape cutting mechanism that cuts the surface protection film

15 along an exterior shape of ring frame A.

Claim 20 The semiconductor wafer mount apparatus according to

claim 19, wherein both differences ADI1 and AD2 expressed as the

following equations are within 1% of outer diameter DW of the
20  semiconductor wafer:

AD1

DBy — DW; ... (2)

AD2

I

DA}N - DBout ... (3)
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