2.F11136-13S-P DESCRIPTION Title of Invention SHEET FOR PROTECTING SURFACE OF
SEMICONDUCTOR WAFER, SEMICONDUCTOR DEVICE MANUFACTURING METHOD AND
SEMICONDUCTOR WAFER PROTECTION METHOD USING SHEET, Technical Field [00011 The
present invertioy#€lztds to a semiconductor wafer surface protection-sheet, a method of protecting a
semiconductor wafer using the same, and-a:gethgehaf-manufacturing a semiconductor device using
the same. Background Art [0002]During the grinding step of the non-patterned surface of a 15
semicondugtpk wafer:in-a manufacturing process of semiconductor devices from a semiconductor
wafer, a semiconductor wafer surface protection sheet is attached to the patterned surface of the
semicondu&HERATer AR ofded Torsravent podsibla dantalh e toié’ patterned SUkaké. 20f0003] The
patterned surface of a semiconductor wafer has irreqularities that include not onl)écircuits, but

also relativei Mightaifrarefces in 1v81\6tich addemitohtudidrbdiths. FHas Whéh aftdthing a
semiconduct fer surface protectior. Semicone rwafer, greation.of voids between
the se ico%ﬁ%ﬁ%@vgﬁér&(ﬁ%ﬁé %%{Z%%g?%#gﬁana tmgg%%\;ﬁﬁ g)%‘ct;hég patterned surface of
the semiconductor wafer results in a uneven distribution of stress across the surface of the
semiconductor wafer upon grinding of 2141136-US-P its non-patterned surface, making the
semicondugteswafern lialklei to breakage. To avoid this problem, semiconductor wafer surface
protection sheets have been proposed that can well adjust to surface irregularities. [0004]For example,
Patent Literdtlifd 1 proposes e Betizendivctorolfest Sirfatepretacion Shestifiadhe of{Farticular
elastomer composition. Patent Literaétur S iand 3 proposes a semicionguc_:tolrl yafer surface protection
sheet that iREILAEE 3388 Thyér 4A FRBALA UBSOTBIG IaSEF SHY A 4AnE4UE 1498110 Citation Lis
Patent  iteratyre, (00051 PTL 1] Japaness PatentApplication | aid:Qpen,Ng.2008 91296 15 [PTL 2]
Japanese Patent Application Laid-Open No.2004-363139 [PTL 3] Japanese Patent Application
Laid-Open N@.20@5-243909 [PTI., 4] W02006/088074 Summary of invention 20 Technical Problem

Background Art
[0002] During the grinding step of the non-patierned surface of a

15 semiconductor wafer in a manufacturing process of semiconductor
devices from a semiconductior wafer, a semiconductor wafer surface
profection sheet is attached to the patterned surface of the
semiconductor wafer in order te prevent possible damage fo the
patterned surface.

20 [0003] The patterned surface of a semiconductor wafer has
irregularities that include snot only circeits, but also relatively high
differences in level such as semiconductor bumps.  Thus, when
attaching 2 semiconductor wafer surface protection sheet to the
Sﬁmiconduc.tm Wéfer, creation of voids between the semiconductor

25 wafer surface protection sheet and the irregularity on the patternmed
surface of the semiconductor wafer results in a uneven distribution of
stress across the surface of the semiconductor wafer upon grinding of
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[0006] The semiconductor wafer surface protection sheets disclosed by Patent Literatures 1 to 4 have
somewhat improved adjustability to surface irregularities. However, the semiconductor wafer surface
protection sheets become less, peelable from the semiconductor wafer 25depending on the state of
the patterneg surfagesof the semiconductor wafer. [0007]Specifically, in some cases, a circuit

protection flyn having, RAISWS SULEE of ashUeR. S BHTad BiRYiUSly,en thepalieped surface of

. 5 il
a semiconductor wa er. For example, Iin some cases, a circuit protection film made of polybenzoxazole

is subjected 1@ plagma treatment(seedapangse RatentApplicalian Laid-Qpearn Nos:2006-124432 and
2004-31565). This causes rise in the number of irregularities on the circuit protection film surface (see
Journal of thecsecietyh of materials science andpapah Molt5644o0:143183448gart2006).4This is to make
the circuit protection layer porous for reduced permittivity, in order to reduce transmission delay of
high-frequetiey BidAsls elong with increasing transmission speed and frequency of electrical signals.
When the above semiconductor wafer surfacEyprotection sheet is attached to.such a porous circuit

protection 1458F the ristertAI&BPthe fFid§atarity &b58ibing 14V&PAiE adhesiVe TRVE oW into the pores,
making dific it pegling of (e, semsenduslo i@l siace piglectionaheptalierarinding in some

cases. Moreover, with Incréasing packaging density, the shape of the irregularities on the patterned
surface of argemiconshuctar wafes is hecoming mare: camplex«eaimingthesmaderials althe iregularity
absorbing layer and adhesive layer to flow into the gaps at the irregularities, which in some cases
makes peeling eithesemiconductomwafde surfazes protattionashe etedifficult afteb gritdivgy. [0008]
Embodiments of the present invention have been made in view of the foregoing circumstances.
Embodiments8F 1@ presertipbeiitioh’ frovide a semiconductor wafer surface protection sheet that
has gg d adhesion to irregularities on a patterned surface of a semiconductor wafer and has good
peelability after grinding, and a method of protecting a semiconductor wafer using the semiconductor
wafer surfage protection, sheet. Embodiments of the present invention provide a semiconductor wafer
surface protection sheet that may have good peelab i | it y even from a porous circuit protection layer
or from a patteeigd sustacerwith complex irregularities. Solution to Problem [0009] The inventors have
established that a semiconductor wafer surface protection sheet that includes resin layer A, which is
an irregularfybsbrbing layer, and resin layer B which has a higher elastic modulus than resin A has

high peelability while ensuring adjustability to irregularities on the pajterned surface of a
semicondudtd \;valfér{&ﬂ?é‘?ﬁge%fé?él%ﬁ\?é’gl%t%%’fa ﬁédé@ﬁﬁﬁtﬁfblﬁé%jﬁgslééél i ty to surface
irregularitie igh pee labil,,ty can be jeved. e-sameti agiusting the balance of tens
ile elais icity?éﬁg?“tr%fl?ﬁp B %%{}vaé&é%%egﬁﬁ%a@%?%&én%gr}gsicr%?%}eg g%%%%m% of the present - - -
invention hayerbeen madeases: on thesa findiags: lNQ10lAeCRIlipads-a disstoaspect of the present
invention, there is provided a semiconductor wafer surface protection sheet comprising: a base layer
having a tensilelekisigin2a0230s #(26), of 1 GPa or more; a resin layer A that satisfies the
condition EA(60) / EA(25) < 0.1, where EA(25) is a tensile elasticity at 25C and EA(60) is a tensile
elasticity at 60C, the EA(60) ranging from 0.005 MPa to 1 MPa; and a resin layer B having a
tensile elastjcity at 60C,_ r,(GO;,,of 1 MPa or more and having a thickness of 0.1 pm to less than 100
gm, the EBBBIRH I%#;i riHEAthe EB(60) of the resin layer A,  wherein the resin layer A is
dispoa%d be}xgg&gigﬁ Basg;layer and the resin layer B. In an embodiment, the re sin layer B may be
disposed at an outennost surface of the semiconductor wafer surface protection sheet. In an
embodimentings Tes Trlayes-Ai ay certainaaledil-copolymardii ¢ embadinadhelresin layer A
may have a density of 800 kg/m3 to 890 kg/m3. In an embodiment, the resin layer B may contain at
least one resin Felested friom: thesgrdupocandistingsofmpoyethylano elastonien siid polystyrene

~ elastomer.  In an embodiment, the base film may be at least one layer selected from the group
consisting of & ol atie B A ptlyestet G Y akd aTamiRESHRT BF BBlydterslayer Sid polyester
layer. Inan embodimeq},ethicl%ness tA ?f the rejsin |§Y§E,A may be Iairgge{ég%n@;a %fg?g?nce in level

ona pattern%ﬁagﬁ?l%gg oF & SemicShdtittor waker [6?)&1] Ac%og' ”i‘hgs'%n a second! aspect of the present

invention, there is provided a.methed efPrRLeGling.asemicarguctar Walercampsisings: a.first step of
attaching the semiconductor wafer surface
wafer,

[0007] Specifically, in some cases, a circuit protection film having
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protection sheet described above to a patterned surface of the semiconductor wafer at 40C to 80C
under a pressure of 0.3 MPa to 0.5 MPa;  a second step of grinding a non-patterned surface of the
semicondpetornsiferconmhion thve semicondutionedafeesovfdye qrotection sheetlisettached;  a third
step of processing the non-patterned surface of the semiconductor wafer after grinding; and a fourth
step of peéfirfy WiBieendissriduetbr Wafecstalte protsttonsheet cirdnidmensbidelifidm, the patterned
surface of the semiconductor wafer may have a difference in level of 200 um or higher.  In an
embodiméhtithE S AEBFHHAtEEP WarrsHisF e Hikftide Bepbhstis Sreulpratsetibasayer attached to
the patterned surface, . Inan embodiment, t (}%Hr tep may include at least one step selected from
the group é‘gﬁls??saﬁﬁﬁ %F%ﬁé&gt?%pﬂgseﬁ{gé ‘§€2 33 gl ' 99@%8 5?1%931%{1}?@ P, 6027 Alording to a

third aspect I%the resent inventio ,there.g rOV{%%dfalrQeth of gnamﬁfacturilngbias rﬁplconductor

S
. ¢ O ireguiarities on ifye Circyl QLeC ace (Sg oufna
device comprising: A first step o a%tacUthg the semiconductor V\(/alper surface protection sheet

described Qbaye 19, pAIIEHNGH SHIAGRIOTASCTUCONAQ yales Al A0 [ R0G Wndeka pressure of

0.3 MPa to 0.5'MPa; a second step of grinding a non-patterned surface of the semiconductor wafer to

which the gemigseRdugipivater sWiaceoriaieqionsheetis Aitashery, ndbibikdistargforocessing the
non-patterned surface of the semiconductor wafer after grinding; and a fourth step of peeling the

semiconduciciiaier stlrfacehsatactiomshagtals aldnganigmbediment-hiapatemedisudace of the
semiconductor wafer may have a difference in level of 200 um or higher. In an embodiment, the
semiconditprenafer sleryricatleg intiud€hamptirods eirsentiprotectionidye saftacheddeithe patterned
surface. In an embodiment, the third step may include at least one step selected from the group
consistingsbeFhistaltaphgedeinachte poplatipgesieprodrdielting tepariebteiohimvegtibmi(p013] A
semiconductor wafer surface protection sheet according to embodiments of the present invention has
good adn&5RSRPIBE Ry BlapRbaBsive BxtielARdG e @Urn SuiHrbAtlietrarelieg endyood peelability

after grindin% Further, a semiconductor Wafe}r?%l%frggce protection sheet according to embodiments of

m !
the present \98%‘%?6%0%‘5?;% YEPEFEE ALY 1% BOPSIRS S eUmpTRtEL M TAYEr. \BHef Description
of Drawin%? 1;0014 Fl .1shog/s a amgle offagemicondt{jctorw fer surfa egrrfotect'%on sheet; and
creasin gac émg BIiLSl ,eii ei shape of the wregular ets oné?’l_e pé% ed surface of a

FIG.2 shows an example of a step’ of attaching a semiconductor 2F1° -

semuconductor wafer is becoming more complex, causing the materials of the irregularity

absorbing layer and adhesive layer to flow into the gaps at the irregularities, which in

some cases makes peeling of the semiconductor wafer surface protection sheet difficult

after grinding.

[0008] Embodiments of the presenf invention have been made in view of the foregoing

circumstances. Embodiments of the present invention provide a semiconductor wafer

surface protection sheet that has good adhesion to irregularities on a patterned surface of

a semiconductor wafer and has good peelability after grinding, and a method of

protecting a semiconductor wafer using the semiconductor wafer surface protection



wafer surface protection sheet. Description of Embodiments [00]5]1. Semiconductor Wafer Surface
Protection Sheet 5A semiconductor wafer surface protection sheet of the present invention includes a
base layer, a resin layer A and a resin layer B, wherein at least one resin layer A is disposed between
the base 180t R ietmaal <l [t aprrRtn atiseHAg (PR drect twrisrasivintrie sedirclayer A

preferably exhibijts good adhesion to a patterned sgatrfa e of a semjconductor wafer while adjusting to

irregulariti8SES 1HE PAGSInEY s THECEE NS S8 REFEATL Fixs8Hs Wiage BYRRSbidhE terhperature after
attached. F%rtetqli% rlgs'ieg I@éer A preiieeraliil uptageh‘%tt r%%ltagf'o errrtg sé%as ;[o undergo ic deformation.
Thus, tendile elasticity at 2 811%3@ &lg , and tensﬁe e sﬁci%y at ol I‘—ﬁ&(60), preferably satisfy the
condition EA(60) / EA(25) <In particular, it is more preferable that the condition EA(60) / EA(25) < 0.08
be satisfied, and it is further preferable that the condition EA(60) / Eft(25) < 0.05 be satisfied, [0017]
Tensile elasfigiynEAPERLRf resin layer A is preferably 0.005 20MPa to 1.0 MPa, more preferably 0.01
MPa to 0.5 MPa. Tensile elasticity EA, (25) of resin layer A is preferably 1 MPa to 10 MPa, more

preferably[2ostRate diMBadihaentensietelastiaity EAKSO) fallséhactaagaofiaygeAhesemes flowable
when attaching the sheet under warming and thus can well adjust to surface irregularities. 25 On the
other hangrewrentenbilet eldsticityckad¢25) falls wWithén the raxigieh e sin iiayean Aigadbietaiypits shape at
ambient temperature after sheet attachment and thus can ensure adhesion during processing.
2F11136-U3scR pod1Bsineksite Blastitily fe rebighenreloetimaasinies thahedotioivihgs pighlucer: 1)
As a specimen, for example, a sample film with an initial dimension of 140 mm length, 10 mm width
and 75 un® 6 0 Ry thikkenrane R aes tab i1y e faneriagiins areth e cudiormestisurfere ehe following
conditions to pleasyre elongation (mm) of the sample: measurement temperature = 25C, distance

between chiitREHUET M and AL Lptebrvestshrshishai dhebiigh t4aleiftiéts d.rawn to the

initial rising section of the obtained stress-strain.curve SfS- curyve), and the gradient of the tangent line
is divided ysckzlrrgas.{:se sec (?ﬁgflgﬁe%{%lﬁ ﬂ% gfrﬁglgllglfﬂ §Thd%eid %%%ga%ﬁé%. T d"h&¥ensity of resin

layer A is Q&ﬁjﬁ{fgb% @ %glléx%g]gf %%1?59198 elasticity and thickness between resin layer A and resin

layer B. Embodiments of the present invention have been made based on these findings.
[0010] According to a first aspect of the present invention, there is provided a

semiconductor wafer surface protection sheet comprising:

a base layer having a tensile elasticity at 25°C, E(25), of 1 GPa or more;

a resin layer A that satisfies the condition E,(60) / E.(25) < 0.1, where E,(25) is
a tensile elasticity at 25°C and E,(60) is a tensile elasticity at 60°C the E.{60) ranging
from 0.005 MPa to 1 MPa; and

a resin layer B having a tensile elasticity at 60°C, Ey(60), of 1 MPa or more
and baving a thickness of 0.1 um to less than 100 pm, the Eg(60) being larger than the

Ex(60} of the resin layver A,



15 3 e preferably 830 kg/m3 to 890 kg/m3, further preferably 850 kg/m3 to 890 kg/m3, When the
density of resin layer A is less than 800 kg/m3, the elasticity becomes so low that shape retention
ability decreases. On. the other hand, when the density of resin layer A. exceeds 890 kg/m3 elasticity
becomes so high*iieatiBdigseabiiley i/ Ostimasedieisry e deedreastyl Goaeomaerels no particular
limitation on the resins used for resin layer A as long as the above conditions for tensile elasticity are

satisfied; olefin OFSITARRILRE N drsHHIEP AR dO BB RTISRASTHLGE e eshspiits Moonent units

are prefer%lloleSé ZISCL%%%lJmEé% 7 fégr ofe thl%tgc%&rgsﬁéotlefins include ethylene, propylene, 1-pente’,
3-methyl-I-butene, fie -ne, et yFi-pentene. 3-mehyl-I-pentene,11-he tent, 1-octene, 1-decene,

and 1-dodecene,?, 21 (R0SHNPALEHIAI foF el iy ﬁ%ﬁig%%ﬁﬁé@gﬁéﬁegwafi“% upon

tttaching, ethylene-a-olefin copolyrners such as ethylene-propylene copo ethylene-i-butene copo
yin Cr, terpolymers.af eiylenemrenyiens (o ¢e2 axaleingand GRoly e Pkem® w 890
5prop:done-1410ecopolymer-C:5.2 a-olefins are preferable, with ethylene-propylene copolymer being
more prefgiaife because propylene prhot melt property of olefin copolymers.Commercially available
a-ol efin copolymers include TAFMERmanufactured by Mitsui Chemicals, Inc 10[0023]The tensile
elasticity of resinitayerAbislangmstad bysthdameoBomer typejcanenomer iatiosdeogification, etc., of the
olefin copolymer. Reduction of the tensile elasticity at 60C of the olefin copolymer is accomplished by,
for exampté ¢roreasingsistopylépelyetliolemodifyingethadlefiry stpolymetasarbeoxylic acid, and so forth.
15 [0024] Resin layer A may contain additional resin or additives as long as such characteristics as
good adhesion ofpEekEbRtntersr fromrsediicBnaartbe waters donbvdetslvstedelrRatiples of such
additives include UV absorbers, antioxidants, heat stabilizers, lubricants, softening agents, and
adhesion #HprRVERESSERECT S RENE T U RebisF it SR A %ﬁ?&’ﬁﬁ@s@h&"éﬁ’&‘ﬁ*ﬁyer A as long
as it can flljllgl acc(gprrg#godatglirregularities (including semiconductor humps) on the patterned surface of
a

a semicondUetdr D e.lfple, when the irregularities have a difference in level of the order of

1.00 pm, thickne of resin | ay ett 5pin to 200 WTI, [0026]Eor increased
Ly etf% odlgﬁzlrﬂ ﬁ}{g%{%sgh OP R Itegu} 9&%& 19 11};1/}%1)26 % or lhén q d%ﬁéren

pcelahility, it is preferable thatyet- B do not become excessively flowalile upon sheet attachment.
under Warpige] on a patterned surface of a semiconductor wafer.

[0011] According to a second aspect of the present invention, there is provided a method
of protecting a semiconductor wafer comprising:

a first step of attaching the semiconductor wafer surface



21S For this, unlike resin layer A, it is preferablayer B do not exhibit hot melt property upon sheet
attachment under warming but undergo elastic delormaton at least in the later-described step of
attaching a semiconductor wafer surface protection sheet. [0027]Thus, tensile elasticity at 60 of resin
layer B, E3@0icqtoprabedbfipsiiisdrabnys tedsné Gridtidny ut Boe of ibsiscmirondicish 60). However, it
should be noted that preferab{%/ tensile elasticity. EB(6Q) of resin layer B is not excessively high So as

not to causd“afghitiéant redictiorr TR SR8y &r AT Ak ¥ afustability to 10(accommodating
ability) surface irregul [0028] Tens5(60) of resin layer Bjs preferably 1 fyiPa.Or more, but is preferably
lower than the ten%gilsee(’éjlrécgt%f’y%%@é& GHeHas a%(eff}%er. eBnIE?E? %|§§t|€%ﬁf %?1?86?%%{%sin layer B is
preferably 1W|\4

Fa 8BS DB REEEADINCANER (4B WG fensii 15 elasiciy EB(0) o

resin layer B'is less than 1 MPa, resin layer B is glued to a semiconductor wafer more than necessary
upon sheet attachmeptand thys,Reeling.becames diffist Imibe, piRerhandwhes tensile elasticity
EB(60) of resin layer B is excessively high, the resin layer becomes so hard that adjBstabiflty to
surface irregrigyitiesc20grergasas [0029] There is no particularon on the resin used for resin layer 13
as long as the above conditions for tensile elasticity are satisfied; thermoplastic elastomers are
preferable. Examplesoiftihe:thef peelitasiic: elasiomeéustinclutie polystyrensddasiorters, nolyolefin 25
elastomer, polyurethane elastomers, and polyester elastomers. Among them, polystyrene elastomers
and polyolefin eladtomenstadimpeaferhblpaiteviedy oirfhee eelsihesendtinduhich wolatjost adhesiveness
and 11 2F11136-US-P 100301The polystyrene elastomersis prene-styrene
blockcopolyhaeesigicsepeene levsl R bipetidigifeneblock copolymer (SEBS),
styrene-ethylene-propylene-styrene block copolymer (SEFS), and other styrene-diene block
copolymers and hyBfigehbgeinent thee?%?(&@ir‘?ﬂ{ﬂﬁfﬁ’éﬁ’ﬁ%’e@@E?Fe‘ﬁ’é—ld{gﬁoqé’rﬁ’éoﬂﬁbber (11SBR)).
{0031] The po]yolefin elastomers include block copolymers of crystalline polyolefin blocks and
non-crystallif t@ﬁ%ﬁfé@%ggg&?ﬁgﬁﬁfg&t ' atterge(i (i

S. Specific examples thereof include 10 o lefi n-e
thylene-butylene-oy) efi0.ERGI,GAPANIIRTS: RAMRIORIARE-RANBHMENERAe:ERYRfPYIene block
copolymers, and pglypropy ene-pdly/olefin-polypropylene block copolyrers.

the group consisting of metal sputtering step, plating step, and heating step.

[0012] According to a third aspect of the present invention, there is provided a

method of manufacturing a semiconductor device comprising:

a first step of attaching the semiconductor wafer surface protection sheet
described above to a patterned surface of a semiconductor wafer at 40°C to 80°C

under a pressure of 0.3 MPa to 0.5 MPa;

a second step of grinding a non-patterned surface of the



CommerciallyavailablepolyokelinelastomersincludeNotio(r) manufactured by Mitsui Chemicals, Inc.
15[0032] Thickness t5 of resin layer B is preferably high enough not to cause reduction in the
adjustability to surface irregularities. For this, thickness t5 of resin layer 13 is preferably 0.1 ism to less
than 100 um merg prfgrablie U o [egsdhan 400 pa, Wheickaess Byatigsin laver B is less
than 0.1 p.m, it Become difficult to exert resin layer B s 20 peelability. On the other hand, when
thickness 16 of resimlaykre8iis: 1180z or more, resin layer As adjustahility to surface roughness
tends to decrease. [0033]The base.layer preferably has rigidity in order to suppres warpage or
deformation of a ng?(l}éﬁ]%ué{%? W%lflelg. II‘—Dog;etshsi151,1ﬁﬁet ehsi é’f&ﬁ%‘fgg}?&tysg{%%@c %# thﬁeebase layer, E(25),
is preferablysdn{@BadatoiareffQ034iSuiebiachase layer is preferably a polyolefin film, a polyester or a
laminate film of polyolefin layer and polyester layer, for 2F11136-US-P ex ample, [0035]Examples of
the polyotefin film theldHEHblyf8py ineRfif B&kanPles STHEBOISESte MR incRiRE Polyethyle.ne
Iereplithalat%@gb@&gsgégyethylene naphtha.' 5[0036] The thickness of the base layer is preferably
about 5 about 250 um, more preferably 12 jim to 100 urn. The total thici iconductor wafer surface
protection sheet isiprafefBRAINGOL hhRetResed Hbfecpiérasrondiaier 1eds Marder to avoid poor
workability ypon sheet attachmens 91‘%%[&9%%9&98.37] The semicoafer surface protection sheet may
include additional layer(s) as needed.The additional layers include adhesive layer, separation film, etc.
The adhesive layebismerpadiowklryHimitedsdofuwiamyplisr theyalinbsiviedhyderapaybe ADMER()
manufactured b).}/itMli't%gi tcelrll?m&i}ggfd&hg oet[ﬁgr%ttit%nm QCI{Q i%arggt particularly 15limited; for example, a
polyethylene{:]tré:redﬁﬂa%fe fifh S jected to rlease treatment may be employed, [0038]As described
above, the semicohdustennafier-atrthcehirpripation shbekincledes anbasejaydec@adesin layer A and a
resin layer B, wherein the resin layer A is disposed between the base layer and 20layer B.For its
function of kY84 M%@eﬁgﬁﬁlﬁwgé’iﬂ?%& eﬂngéﬁbﬁllaféﬁgs%ﬁ)aﬁ% G ¥ Est surfacethe one on

the base

Effects of Invention

[0013] A semiconductor wafer surface protection sheet according to embodiments
of the present invention has good adhesion to nregularities on the patterned surface
of a semiconductor wafer; and good peelability after grinding. Further, a
semiconductor wafer surface protection sheet according to embodiments of the
present invention may have good peelability from a porous circuit protection

layer.

Brief Description of Drawings
[0014]

FIG.1 shows an example of a semiconductor wafer surface
protection sheet; and

FIG.2 shows an example of a step of attaclung a semiconductor



layer side) of the semiconductor wafer surface protection sheet. [0039] Resin layer A may be a
mono-layer or a multiple-layer.In order to increase adhesion between resin layer A and base layer, an
25adhesive layer may be additionally disposed between resin layer A and base layer. [0040] MG.].
shows an examplecoafiguration of a semiconductor 13 2F11.136-US-P wafer surface protect ion
sheet,As illustrat e protection sheet 10 includes, in order, layer A 14, and resin layer 1316.Sem
1, semicondtidter &' Eyér A ST WaSS! surface protecsheet 10 is attached on the resin layer B 16
side to a patterned surface of a semiconductor wafer. [0041]A semiconductor wafer surface protection
sheet of the present invention can be manufactured by any method.For example, the semiconductor
wafer surfagg pretection sheetcamn Be manufactured by: 1) co-extrusion in which the base film, resin
layer A and resin layer B 10are co-extruded or in whichlayer A and resin layer B are co-extruded onto
the base filjg2)damihatie hecbaderctitm ahd filis: ofiresirlayeer Araltaesin layer B are laminated
together; and so forth, [0042]In the case of lamination, it is preferable to form an 15appropriate
adhesi¥e layer at thHe iterfaeedetipsen erilns s hetdédc Bor indretlséd ddisesici between the

films, the interface betwe n(}he films may be subjected t9 surface tre tmeptsucih as cgrona discharge.
Lamination’méVBéOfoé’é?Z‘d é?‘fh&rr[;é%ﬁjag‘ “lanfination of df/ lamination. Filns GP1esir 1ayer A and
resin layer | gan.he produced,2Qby. far gxampls, extiysion molding. [00431.2, Methqd gf Protecting

Semiconductor Wafer One example of a method of protecting a semiconductor using a

semicondugtor wafer suytace protection sheet of the present inventionodes: 1) a first step of attaching

a semiconductor Wafer 25surface protection sheet to a patterned surface of a semiconductor wafer
{0016] When attaching the sheet under warming the resin layer A

10 preferably exhibits good adhesion to a patterned surface of a
semiconductor wafer while adjusting to irregularities on the patierned
surface, as wcl.} as retains {fixes) its shape at ambient temperature after
attached, For this, resin layer A preferably has hot melt property so as
to undergo plastic deformation. Thus, tensile elasticity at 25C7,

15 Ba(25), and tensile elasticity at 60C", Ea(60), preferably satisfy the
condition Ba{60) / Ba(25) < 0.1, 1In particular, it is more preferable
that the condition Ea{60) / Ea(25) < 0.08 be satisfied, and it is furthes
preferable that the condition Ea{60) / En(25) < 0.05 be satisfied,

[00171  Tensile elasticity Ea (60) of resin layer A is preferably G.005

20 ©™MPa to 1.0 MPa, more preferadly 0.01 MPa to 0.5 MPa. Tensile
elasticity Bx (25) of resin layer A is preferably 1 MPa to 10 MPa, more
preferably 2 MPa to 9 MPa., When tensile clasticity Ba (60) falls
within the range, resin layer A becomes flowable when ailtaching the
sheet under warming and thus can well adiust to surface irregularities.

25 On the other hand, when tensile elasticity E5(25) falls within the range,
resin layer A can retain its shape al ambient temperature after sheet

attachment and thus can ensure adhesion during processing.
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under warming; 2) a second step ofa non-patterned surface of the semiconductor wafer to which the
semiconductor wafer surface 14 2F11136-US-P protection sheet is,d; 3) a third step of processing the
non-patterned surface of the semiconductor waferand 4) a fourth step of peeling the semiconductor
wafer surfaéeipiotectiofi sheet. These steps may be followed by a step of dicing the 5semiconductor

wafer into ghipsga step,of, encapsylating, the, ehips; rd 5@ forth 1 [AQ44] Firet. arsamicanductor wafer
on which circuits are patterned is provided.A circuit protection layer may be provided on the patterned

surface of the,semicenductor wafer in order to prevent possible damage 10to the circuits in
subsequent steps. [0045] It is only necessary that the circuit protection layer is made of insulating
resin. for example, thedircuitprotetaion [E§fercisyt BE made 8Tipélyimite i PoRberizbazole.

Moreover, in order to reduce transmissiop d !ﬁly of high-frequency signals, the errcuit protection
15layer may HE A8 Pordid fB-“r%néﬁftfé p§r ﬁﬁ\“]’it}‘/‘% %‘46]@:16?*.%/2“5%05\% ia%e%“m%ﬁ%%f a step of
attachigg age}rp(i&gr&%t{;ptor wafer surface protection sheet. As illustrated in FIG.2, in step (attaching
step), semicohductor wafer surface protection sheet 10 tached to semiconductorfee 20 under warming

such that res 20layet Bd6, pomeston thesRatisrned surface of semiconducier wafer20an which
semiconductor bumps 24 and the like are formed. As described above, porous circuit protection layer

22 may be foytSthi patterned: stifacénfgeniidbndsictop wafer 20: {0047]t Skeat araehing temperature
may be set to 40C to 80C, and 25 sheet attaching pressure may he set to 0.3 MPa to 0.5 M.Pa. When
the sheet aRabhing'i6Mperathifd ¥ BRIOW OIS e efSHER} ofr2Sin TRV 187845 fikely'to decrease

and thus adllust/’albility to §urface 2f11 13S-P irregularitiesdecreases.Ontheotherhand,sheetnfl aching
M/ TG and

16 3} A tangent line is drawn to the imitial rising section of the
obtained stress-strain curve (5-8 curve), and the gradient of the tangent
line is divided by cross sectional area of the samp‘ie film to find tensile
¢lasticity,
f0019] The density of resin layer A is preferably 300 .i{g/mj to 890

1S kg/m’, more preferably 830 kg/m® to 890 kg/m”’, further preferably 850
kg/m® to 890 kg/m”. When the density of resin layer A is less than 800
kg/m?®, the elasticily becomes so low that shape retention ability
decreases. Cm.. {he other hand, when the density of resin layer A
exceeds 8§90 kg/m®, elasticity becomes s¢ high that adjustability te

20 surface irregularities decreasges.

{0020] There is no particular limitation on the resins used for resin
layer A as long as the above conditions for tensile clasticity are
satisfied; olefin copolymer are preferable. Olefin copolymers that
have Cioyg w-olefins as main component units are preferable.

25 (0021 Examplés of the €.z t-olefing incinde ethylene, propyiene,
I-butene, t-pentene, 3-methyl-T-butene, 1-hexene, 4-methyi-1-pentene,
3-mc.hy'§~1~pen£:;:iac, I-heptene, 1-octene, I-decene, and 1-dodecene,

g



temperature exceeding 80C is not preferable as process temperature. Attachment of the
semiconductor wafer surface protection sheet can be accomplished using any known tape laminator.
[0048]In the second step (grinding step), the non-patterned surface (back surface) of the.
semicondusiarn ysafersis:ground to a given thickness with the semiconductor wafer surface protection
sheet being aftacked to the patte‘rn]eo_l sugt)fape t%f‘the sigmf']condgjc;tgrqy)vqf r. The thickness of the
semiconductorwafer affer §rhding fay b for 't exariple, 300 um. UTless. Grinding'is mechanical
grinding by;meaps of a.grinding Wheel, The arinding, methad dsnatparticularly imited; grinding may be
effected with a’known grinding method suéh as through-feed grinding Or in-feed grinding. In the
second step:(grinding step)«generally; theviemperature: of the semicenductorwadéy kband the
temperature of the semiconductor wafer surface protection sheet attached thereto are both
withinrange frpi 25€1to less thahea0t (0049]thiféh step (PleEEssing ste by P stdprsklédted from the
group consisting of metal sputtering, plating and heating may be cpnduct&d on the no,n-]patterned
surface (ballosuere) o the PDsermiordtttor ivafertidlf bé Subietted s Hédiivg stébincludes, for
example, a step of attaching a die bonding tape under warming, in.tk lj | 2 (peelingthe
semicondu&f&rﬂ\% e"rp§Sﬁgﬁ%ﬁﬁrcﬁ{égﬁgw@%egﬁ is Eeggl%rde%{agm %ﬁ%ﬁ%&%&gﬁj g%i£ ie%t!r%“’(@athod of
peeling theiﬁﬁp}pp&du%qr wafer swtggg.@ro@tigm@gpl tpet ZeRakicularlylimiteciapreling can be
accomplished using any known taper remover, [0051]A semiconductor wafer surface protection sheet
of the presenti2R1ik136-bISPrinventidninaludesaesin [y eEABR extmtn) rdpetincthe irst hing step),
as illustrated in F10.28, the seonconductor wafer surface protection sheet can well adjust to relatively
large irreguidiities (&g méerfcoriductor bumps of 200 .trit diameter or more) on the patterned surface
of a se actor wafer, and thus can be i’n j{ntimate contact with the semiconductar, wafer, without leaving
any sﬁ)gce. IEB86d adhkbfor 18 the p§ fb"rﬁ&f%uﬁaceﬁgf?he emiconductor wafer can be ensured in the

SUbsequenEﬂ%%%)m(ast%Qp(g! inding stem) and fhird siepdprecessing step) as welk Mereayer, 10 since

resin layer B of the semiconductor wafer surface protection sheet is in contact with the irregularities on
the patterned syrfage:of tire: semicondiuctoravefes (see RIGi2113), in theFousth stepcjedéling step), no
adhesive residue is eft on the patterned surface of the semiconductor wafer d therefore easy peeling
can be realizezh 15i60521:Asemdtriducor. WafeF samade.protests i shBEL Bf e preldént invention
includes resin layer B that does not exhibit hot melt pr?perty, Thus, as iIlus%rated in F10.25, even when

the semicorREE iaTEr ALY TOROLESH SIFEEPBE et hvaRtic? iS%tthched to a porous circuit

tection film, jt,is possible to preyent the materials of, resin, 20 Andesin from flowi
proteqion ff s PRssible o preyent e sraierals 65N 208yer AN 03 laverf from flowing

s‘and there chieve good peelability. Examples 100.531 (Examples 1and 2)
as such characteristics as pgood adhesion or peelability to or from
semicondnctor wafers do not deleriorate. Examples of such additives
include UV  absorbers, antieoxidants, heat stabilizers, lubricanis,
softening agents, and adhesion improvers,

20 [0025] There is no particufar limitation on thickness ta of resin layer
A as long as it can fully accommodate irregularities {imcluding
semiconductor bumps) on the patterned surface of a semiconductor
wafer. For example, when the irregularities have a difference in level
of the order of 100 pum, thickness tA of resin layer A may be set to 100

25 wm to 200 pm.

r0026] For increased peelability, it is preferable that resin layer B do

notl hecome excessively flowable upon sheet attachment under warming,
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251. Measurement of Tensile Elasticity of Respective Layers As a base film, a polyethylene
terephthalate film (s: 75 is provided. As a film for resin layer A, a 100 hut-thick film is 17
2P11136-U3-P provided which is obtained by extrusion molding of TAFMER P0275(r) (Mitsui
Chemicals,Znc.; gensity = 861 kg/rn3 ). As a film for resin layer B, a 100 pm-thick film is provided
which s Obfnaa.2Y Sifieian Mo cing ol aiq.Ph 2a98 manyipciuiad y Mitsylshamicals, Inc.

Tensile elasticity is measured for these filmis in i procedure described below. [00541 The films are

each cut intg, a;gigce with,an initighdimension of 4. emdengthand Lem.widih te prepage sample films
for measurement. Tensile test is then conducted under the following conditions to 10 measure

elongation (mu)gh thd sample dilmmmeasuremeént semperdtarel = 26C ¢ eisi@nde betwverh chucks = 100
mm, and tensile speed = 50 mm.Imin. A. tangent line is drawn to the initial rising section of the
obtained stréssehirainictrve ¢S09 EehvR )Y affd e GragliBft 6t tatget line is divided by cross

sectional area of the sample film fo find tensile elasti Lty.é 1055]2. Fabrication,of iconductor Wafer
Surface Protétfibh shakt: e ad% BHEEfii & 175 té%mt %a:kI Eﬁ%)ﬁ*ﬁetlﬁ%féﬁegtérgﬁﬂgég;a% (PET) film is

provided. T Ee%:%ﬁyﬁpgi A0, (Misul Ghericals o, densib =40 A61 kyymShand, Nefio PN $560

(Mitsui Chemicals, Inc.) are co-extruded onto the polyethylene terephthalate film, laminating thereon
two layers ¢f ep-axdrudeduesin foumesk of rasin layers & BnddBsindhiswayiaysemjcondiictor wafer
surface protection sheet is obtained. The thicknesses of the polyethylene terephthalate film, resin layer
A and 25resirslayérB ofihéssemicondustor wafdrislirface protettida shragttars P65 5AR™80 trm, and 3

p.m, respectively. [0056] 3. Evaluation of Semiconductor Wafer Surface Protect|Sheet 2F11136-US-P
700 Mm-thitsdaéiiidnddctot tafer§Aaving PO nim didiibtey soldbr B4l BRiHPEHSrméd on the

patterned surface are pravided. .Spe igi g}lé/ two, m;lchg%gctor wafers are provided, one for Example
1in Wﬂfech lfﬁrcn%}-?gl €}uér)f'il‘puil' earvia?i?ggég pr{rglc anr(?ghze other for Example 2 5in which bump-to-bump

interval is 150[00571klsing @ taps:laminater (LINFIEG RAD:32103 the semicanductanwafer surface

protection sheet is attached to the patterned surface of the semiconductor wafer by heat pressing
under the following condition: wafertable ternpbratute: = FOC] v olleus tépperattitC{ 0£ 40GC, pressure =
0.5 IttIPa, roller laminate speed = 2 mm/second.
base layer. Tensile elasticity Er(60} of resin layer B is preferably 1
MPa to 10 MPa, more preferably 1 MPa to 7 MPa., When tensile
15 elasticity En(60) of resin layer B is Iess than 1 MPa, resin layer B is
gloed to a semiconductor wafer more than necessary upon sheet
attachment and thus peeling becomes difficult. On the other haad,
when fensile elasticitf Ep(60) of resin layer B is cxcessively high, the
resin layer becomes so hard that adjustability fo surface irregularities
20 decreases,
[0029] There is no pariicular limitation on the resin used for resin
tayer B as long =»s the above conditions for tensile elasticity are
satisfied; thermoplastic elastomers are preferable. Examples of the
thermoplastic elastomers include polystyrene elastomers, polyolefin
25  eclastomer, polyvurcthane clastomers, and polyester elastomers. Among
them, polystyreme clastomers and polyolefin clastomers are preferable

in view of the esgsiness with which to =adjust adhesiveness and
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[0058] The semiconductor wafer is then loaded on a back grinder (DISCO DF08560), and the
non-patterned surface of the semiconductor wafer is ground to a thickness of 300 um. [0059] Using a
tape remover (RINTEC RAD3010), the semiconductor 15wafer surface protection sheet is peeled from
the patterned-sutface ef the semiconductor wafer at ambient temperature. [0060]In these steps,
irregularity accommodation ability, peelability and adhesive residue level of the semiconductor wafer
sheet prote%ﬁéﬁbéH@ét, and thickness uniformity across the wafer after grinding are 20evaluated as
described helpyy,[0054) ThATpaYAYIN Aqcommenation ARILY.of SeraisapdusterWats Surface
Protection Sheet Using a microscope (KEYENCE), the patterned surface of the semiconductor
wafers to whighithe sgraisoneictarawaier sprface < 25 protection shieetis: attached isl observed at
50-100x magnification for the presence of voids between irregularities on the patterned surface. The
sheet that leawesyvoid {$ BVfuated @ X dhd thee shigatthat fealies 12El| pekveir il BYeltated as [0062)

2) Thickness Uniformity across Wafer after sing a micrqmeter'Mitqtoyoéﬁ-lg%g,ess var{iation (ITV) of
the sefhicohdbi&drwATErgHAGIG Iy TRBASTRERE B GcOPdEHIERTh 3 BTEBY 4336 '50% Rif,

Specifically, Waifer thigknes; '{sg ured at 11 egpiﬁg\tﬁ}s},aaréqgg?agi{fqg%%Q&I\/ﬁfﬁ%{gt@% maximum c
vt : 353

me

minimum vBIUSE SHSEEs R’ fieddrsdtd fin e wafer with a TTV of not greater than 15 urn
. Is evaluatedgs 94 andyihe V\j?égy withia TIM exceeding k5 pm isigvaluatedias ) H{006813) Peelability
Using a tape remover (RIM™EC RAD3010), it is evaluated as to whether or not the semiconductor
wafer surfageypretaetion shedecan béoudslechffonnthe pattethied sudacenst thevgehisenductor wafer
by 180 degree peel testing. Measurement is made at 23C", 50% RE!, and 15 peeling speed of 300
mm/sec, THéasHeet that can be stieeesEfully peefed i@ Rvdluated 4§ & 58id the sHBELASL cannot he
peeled or cannot be easily peeled is ev?l¥ated as X. [OO%ﬂg}(Adhesive Reg(i}d% I}Qgrgatterned
surfad® of thes SEfiEbFEStor tWatSP frdhwihich 20 the semiconductor wafef SUfface protection sheet

has been pacledJs sisenved i i Lascaps,t A0 400K maanification, Jivanealerq which no

adhesive rep5| ed is evaluated as 0, and the wafer on which adhesive residue is confirmed
is evaluated g, X-{ROBAl{Brampies ni-andyhy 2pinstaad of thebsenticonductos pedfen prepared in

Example 1, semiconductor wafers having a porous circuit protection layer formed on the patterned
surface aretprovided; e porgaslehtait protattighin  elastomers include Notio
manufactured by Mitsui Chemicals, Inc.

15 {0032} Thickness tg of resin layer B is preferably high enough not to
cause reduction in the adjustability to surface irregularities. For this,
thickness tp of resin layer B is preferably 0.1 pum to less than 100 pm,
more preferably 1 pum to less than 100 pm. When thickness ip of resin
tayer B is less than 0.1 pm, it beceme difficult to exert resin layer B' s

20  peelability. On the other hand, when thickness tp of resin fayer B is
100 pm ot mere, resin layer A's adjustability to surface roughness tends
to decrease.

{00331 The base layer preferably has rigidity in order to suppress
warpage or deformation of a semiconductor wafer. For this, the tensile

25  elasticity at 25C° of the base layer, B{25), is prelerably 1 GPa or mere.
[0G34] Such a base layer is preferably a polyolefin film, a polyester

film, or a laminate film of poiyelefin layer and polyesier layer, for
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211 .1 1,30-US-P layer is prepared in the procedure described below.
[0066]SynthesisofPolyhydroxyami(Polyhenzooxazol Precurso 27.0 g (0.2 tool) of
1-hydroxybenzotriazol (KURO ANE KASEI 5 Co., Ltd., FIBT) is dissolved in 150 mL of

- N,N-dimethyfacetylacetamide (Wako Pure Chem Industries, Ltd., DMAe), and the solution is cooled to
10C. 20.2 g gq.z mop of triethylainine (Wako Pure Chem Indsutries, Ltd.) is added to the solution.

e

[0067]29.5 § (0.1 mol) of 4,4'-dicarbonylchloride diphcnyl ether 10 (NJHON NOHYAKU Co., Ltd., DEC)
is dissolved @n_}gg,p mﬁglﬂg@@qﬁ; ig@&utiigﬂ}i@ added drapwise; &e tlg@@t@wg}pgagarggi@tio...BT, DMAc
and triethylamine while keeping the liquid temperature below OC. The solution is stirred for 2 hours at
-10C, warnted:ta goamvtemperatiires amdfstirred dor defurther b hour = 1A $tirring, friethylamine
hydrochloride is filtered and the filtrate is charged2L of water to yield a white precipitate. The
precipitate stdolleérsdity Fityatigrbaht! Washiéd with acetone.Further, the precipitate is dried in a 50C
vacuum drier for 48 hours to yield Hi-it ester of DEC. 20[0068]18.3g(0.05mol)of,
bis(3-a?ninc?—%?i@ro%‘héh@%‘ﬁ‘&%‘cﬂuoofrotpr%p%ansg (BidAPAFP e%i rgaﬁ(?élélsbsggto.? L") ifdissolved in
200 mi of DMAG, T.a this solutian is,added,24-6:0 (3.0, mefh of HBT efter of PEL and.tgacted for 6
hours at 50C to yield pofyhydroxyaml e in which Bis-APAF and DEC are joined 95by an amide bond
(potybenzogxazel pregursaih This selytionis charged iaio: 2k ahwatar. A white: polymenprecipitate is
collected by filtration and washed with water.'Hie polymer is dried in a 50C 21711136-US-P vacuum
drier for 18 lhours tdgseldmpolghydrdxyakiise/$dwder. [006912) Synthasis of PHotdSemsiizer A
42.4mol)of 4,4L[1-14Th(4-hydroxyphenyl)-1-m thylethylphenylle,thylideneThisph enol (Tris-PPA,
Honshu Chfieabidsuty® 61 1% 3L a1ve5/ed i B0 M of 1,4-dioxane (Wake Pure Chem

Indus}ré)es’ H%%ﬂh'sf%%'“éé%@%%W%H@S%%Q%@”Q@J{&%%@"88{18& sheet may include

additional laver(s) as needed. The additional layers include adhesive
layer, separation film, etc. The adhesive layer 18 not particularly
Himited; for example, the adhesive layer may be ADMER® manufactured
by Mitsui Chemicals, Inc. The separation film is not particularly
15 limited; for example, a polyethylene terephhalate film subjected to
release treatment rmay be employed,
10038] As described above, the semiconductor wafer surface
protection sheet includes a base layer, a resin layer A and a resin layer
B, wherein the resin layer A is disposed between the base layer and
26 resin layer B, For its funciion of increasing peelability, resin layer B
is preferably disposed at the outermost surface {not the one on the base
layer side) of the semiconductor wafer surface protection sheet,
(00397 Resin layer A may be a mono-layer or a multiple-layer. In
order to increase adhesion between resin layer A and base layer, an
25 adhesive laver may be additionally disposcd between resin layer A and
base layer
(00401 FIG.] shows an example of a configuration of a semiconductor
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5-naphthoquinonediazide sulfonyl chloride (NAC-5, Toyo Gosei Co., Ltd.) is added. To this solution is
added dropwise 25.3 g (0.25 m.ol) of 10triethylamine in 100 ml 1,4ane while keeping the internal
temperature below 45C.After addition, the solution is stirred for 2 hours at 40Ce.The solution is then
cooled to rogm; temperature, triethylamine hydrochloride is filtered, and the filtratecharged into 3L of
water to yield a yellow precipitate. This grecipitate is collected 15bty filtration, washed with 1%

hydrochloridé Bgueblis pIafioH (119 anathen with WHEH (BEf THe Venow predipiAtediad in a 50C
vacuum dries for 48 howrs taield phetasendtizer A, A7Q13) Eueparation gf fhofosenitive
d 7 t*e‘ GOSN, . L et , LGS

Polybenzoo\TézoI Preclrsor Sofution 2 go above poiyhydroxyamide powder, 4.6 g of the
above photoseusitizerfyang2,0gak f:4'16l;(2- (4 hydroxyghemylrd-prepylphenylathylidene)bisphenol
(Tris-PA., Honshu Chemical Indsutry, Co., Ltd.) are dissolved in 60 mild of y-butyrolactone (Mitsubishi
Chemical Gorparation). sthe resaltant 25 zsalufionsis chargesiin 42400 niL-$yringécand filtrated through
a 0.45 [yr] pore diameter polytetralluoroethylene filter (Advantech Co., ttd.) to yield a photosensitive
polybefzoexatsk preiconsdr Solkufior 22 ZRIHFEE8Y GIIP[0071]4) Format;of Porous Protection Layer

Using a sprea{din j/developing device (Cleay Trac_g Mark-7, Tokyo Electron :Lt??, the photosensitive
polybenzookybi preéurédr SAlGH6H 18 ap; T’%él SHio 3 B RRCH AR S0ER A ‘fifmPHiEkAGss after hot

plate baking,js 7, & . Aer 1ot pIale ARkiNagusing kEVe,siepper (DBYL 8730 GIEA) foe entire

surface of the warer is exposed at a dose of 3,000 J/cm2 through a mask with a pattern of 100 tim x

100 p.m sqygare; apsHykes-Aller 8xXpasiiee: Usingehedeveloping:devicenahharkt(; dhetformed film is
developed by puddle development90 10seconds with 2.35% tetramethyl ammonium hydroxide solution
(ELM-0, Mitsubishi GassGhemmicalsiCo. | inct) sthéidevelopied polybenzodxaydiplesursét film is 7.1 pm
in. thickness, [0072] The silicon wafer on which the polybenzoi“cazol precursor film is formed is placed
in an Hert ovin ANK 16 9oyt THErMS 'SYstehid™ 5ESCLid), Hifd hekted 48 $40E" f8°30 minutes

and, after . iruded onto the base film; 2) lamination in which the baser film

and films of resin laver A and 1esin layer B are laminated together; and

$0 forth.

{0042] in the case of lamination, it is preferable to form an
15  appropriate adhesive layer at the interface between the films as needed,

For increased adhesion betwesn the films, the interface between the

films may be subjected to surface treatment such as corona discharge.

T.amination may be effected either extrusion lamination or dry

lamination. Films of resin layer A and resin layer B can be produced
20 by, for example, extrusion moiding.

[0043] 2. Methed of Protecting Semicoaductor Wafer

One example of a method of protecting a semiconductor wafer

using a semiconductor wafer surface profection sheet of the present

invention includes: 1) a first step of attaching a semiconductor wafer
25  surface protection sheef to a patterned surface of a semiconductor wafer

under warming; Z) a second step of grinding a non-patterned surface of

the semiconductior wafer to which the semiconductor wafer surface
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temperature to 380C over 1 hour, heated at 380C" for 1 hour. In this way a polybenzooxazol resin film
is obtained. The polybenzooxazol resin film is then subjected to plasma treatment (reactive ion
etching) for 3 minutes using a reactivetching apparatus (RIE-10, SAMCO) 20under the following
condition: gas; roasiflow rate = 50 seem, pressure = 0.6 Torr, output = 280W.In this way a porous
circuit protectioﬁq layer is J)pt#a{in(?g. [99‘7{%1?7 )0 L;?m-tgicghs,%gwicg{q\d)uctv r vvgfe(rgsg@ar\i/ing 230 pm-diameter
solder ball BAmp& formed'6R the cirtuit pro Sction layer are provided. 25 Specifically, two
semiconductor wafers,arg proyided, pngfar Example 3 i whish: hump-to-bumi, injeryalys 250 um, and
the other for Example 4 in which bump-to-bump interval is 150 uni. Using the semiconductor 2F1
US-P wafersug piepaseerand sespconduatorwaferauttace protedtio preparedpas incExample 1,
evaluations are made for the semiconductor wafer surface protection sheets and the wafers after
grinding. [007a@3 {(Exarfipks 6) 515 Bémitatdictoriihfer sdrfdte protéttibn Sheétsdbtaiied in the same
manner as in Example 1 except that the thickness of resin layer B is changed to. 20 pm. Evaluations
for the SemiCORtRAGEH fafer SHtACE Ptotadtion SHERP aid %ﬁ\féfh?é:?‘éﬁé?%rigaiﬁé‘ & Alde in the same
manner as jn Egg«%l ple 3. 10[0075] (Example 6) A semiconductor wafer surface protection sheet
is obtained n the Sallie manner as n Example 3 except that, as resin for resin layer 13, Notio PN3560
(Mitsui Cheisals, Ing;)-is, changed 4 Natie "N (Mitsih Chemicalsslne:) Javaluations for the
semiconductor wafer 15surface protection sheet and a wafer after grinding are made in the same
manner as jn &Example 34 007611 (Exarmpieot)layer Amemicomdutior walensupfaiderpotection sheet is
obtained in the same manner as in Example 3 except that, as resin for resin layer B, 20Notio PN3560
(Mitsui ChebHIcISS iRE, s ciahigad 6 RIGRBNZ060 PRiul EREMiEals FHE)® EvARIAfi8hs for the

'semi (g)ndugtor wafer SU{%ace {ertection ?%%cet and a wafer after grinding are made in the same

manner as ift &%r%‘ﬁn%“é OHWf ﬁﬁaneﬁie 55 semiconductor wafer surface protection sheet is

obtained in the same;manpgr as in Example 3 axceplthat, assesinifar 1e5i) layes A8, Hprio PN3560
(Mitsui Chemicals, Inc.) is changed to hydrogenated
insulating resin; for example, the circuit protection layer may be made
of polyimide or polybenzoxazele, Moreever, in order to reduce
transmission delay of high-frequency signals, the circuit protection
15 layer méy be made porcus for reduced permitiivity.
{0046} FIG.2 shows an example of a step of attaching a semiconductor
wafer surface protection sheet. As illusirated in FIG.Z, in the first
step (attaching step), semiconductor wafer surface protection sheel 1O
is attached to semiconductor wafer 20 uwnder warming such that resin
20  layer B 16 comes on the patierned surface of semiconductor wafer 20 on
which semiconductor bumps 24 and the like are formed. As described
above, porous circuit protection layer 22 may be formed am the
patterned surface of semiconductor wafer 20,
[0047] Sheet atlaching tazmpfzmt‘ure may be set to 40C° to SQC°, and
25  sheet attaching pressure may be set to 0.3 MPa {o 0.5 MPa. When the
sheet attaching temperature is below 40C°, the elasticity of resin layer

A is less likely 1o decrease and thus adjustability  to . surface
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2111136-LIS-P styrene-butadiene rubber (1-1SBR).Evaluations for the semiconductor wafer surface
protectsheet and a wafer after grinding are made in the same man:ner as in Example 3.
[0078]Example 9) A semiconductor wafer surface protection sheet is obtained the same manner
asin Exanﬁggg&gp&tﬂm resin prepared by adding 5wt% polypropylene (PP) to Not 0 PN3560 (Mitsui
Chemicals, Inc) is uSed as resin. for resin layer B. Evaluations for the semiconductor wafer surface
protection shisetiand Aavafetafter grinding dfe nidde if 10the §afte mahpel agifiEXEhiple [00 79]
(Example 10) A semiconductor wafer surface protection sheet is ij[air{)(gd in)th§ same manner as
in Example' 88X eeptifacd %?Jcﬂh’?-gfhf'\cﬁ%olﬁbléﬁﬁ 1Ay &r (ADMER, Mitdui Ehericals’ The)) is laminated
onto a 75-up dhigk 15 PRSI IenR terspislate Javer (riuee aea basedaysr. Eygluafion for the

semiconductor water surface protection sheet and a wafer after grinding are made in the same manner

in Example,3: {0080k (examale;143 Aisamisongucienwades surface protection sheetobtained in 20 the
same manner as in Example 3 except that a 20 um-thick ethylene-vinyl acetate copolymer (EVA) layer
is laminate¢kdntdia 15-krincthick poly ettrylefws 1ayer fors Uge) ad ixbase agtic Bealuatidas for the
semiconductor wafer surface protection sheet and a wafer after grinding are made in the same ma e

as in Examtack 25[0be)(ComparatiteEXERBIE D) ¥ IA%erhicdHdd&Br Whrdr siitéde protection

sheet is obtained in the s manner as.in Example 3 except that an ethylene-vinyl acetate
2E111.36-L q%’“@ébo@%%e?%v%ﬁai%?} fisul%r%fngt%{cef{)ﬁ%t%laci‘}g-ﬁ)r%%?fé }{Eolﬁet ﬁylenge t%’ireplithalitte

layer for us as.abase layer andithat iesinaRs not farmed Eyaluations:fogihe semicanductor watfer

surface protection sheet and a wafer after grinding are made in the same manner as ii Example 3.
(0082] (Commparative Example 2)cAnsemiconducter asvafersurfacerprotegtiomshiedtebtdimed in the same
manner as in Example 3 except that thickness of resin layer B is changed to 100 ura.Evaluations for
the séiiconduetpronaied wm or less. Orinding is mechanical grinding by means of

& grinding wheel. The grinding method is not particularly limited;
grinding may be effected with a knowwn grinding method such as
through-feed grinding ov in-feed grinding. In +the second slep
(grinding step), generally, the {emperature of the semiconducior waler
15  and the temperature of the semiconductor wafer surlface protection sheet
attached thereto are both within the range from 25C° to less than 40C7.
(00481 In the third step (processing step), a step selected from the
group consisting of metal  sputtering, plating and heating may be
conducted op the noun-patterned surface (back surface) of the
20  semicondector wafer may be subjected to Heating step includes, for
example, a step of attaching a die bonding tape under warming.
[0050] In the fourth step (peeling step), the semicenductor wafer
surface protectiion sheet is peeled at ambient temperature. The wmethod
of peeling the semiconductor wafer snrface protection sheet is not
25 particularly limited; peeling can be accomplished using any krown
taper remover,

100511 A semiconductor wafer surface protection sheet of the presant

16



10surface protection sheet and a wafer after grinding are made in the same manner as in Example 3,
[0083] (Comparative Example 3) A semiconductor wafer surface protection sheet is obtained in
the same manner as in Comparative Example 2 except that resin layer A 15 is changed to an
ethylene-vigliy.‘.} i<3\(5&?$%copolymer (EVAFLEX .EV420, DuPont-Mitsui Polychemicals, Co., Ltd) layer
having a thickness of 480 um, Evaluations for the semiconductor wafer surface protection sheet and a
wafer afterigrindingrare thiaéesinthis: Same” ndahiier a5 Exahiplé’s! 20[0084] {Corp4rative Examples
4 and5) | Semiconductor wafer surface progeit’:or] shegts ‘a_re.ol;)tairrledpjn.Il%eﬂsarﬂe‘ manner as in
Example 3'8xcEit that’ s tedin 1884 $8¢ 1sin 1a)er B! Notio' PNI3560 (Mitsui Cherhicals, Inc.) is
changed to a LY, curable adpesive prepared in the pracedure described, below g2 Evaluations for the

semiconducior wafer surface protection sheets and wafers after grinding are made in the same
manner as ip; Exapiple 3 for Gamparative.ample 4 anghin dhelsame manner as inExample 2 for
11136,1i yComparative Example 5. 100851Preparalion of Adhesive Polymer A monomer mixture
of 30 vieightipartseof ethyt aorylate, 46 weight patts of Rethythexyt aostaéy 40 weightparts of methyl
5 acrylate and 20 weight parts of gl.ycidyl metliacryiate is reacted for 10 hours at 80C in a mixture

solvent of 63 Welljht p&its dftoliene! HRP50 WRIYAEbf B destats i 108 ﬁ‘@é@ﬁ_c@’%%eﬁﬁ weight parts
of a benzoyparoxide polymerization Iniarpr (NYPIER BMT1CAQ, NOF Gapaialiont which is an

initiator of weight par completion of reaction, the resulant solution is cooled, 100

weight parts of xyLene, d9-partsweight af acnlicsacichand 0,3 wieightRas fcond step

tetradecyldimethylhenzylammoniuiE chloride (Cation M2-100, NOE Corporation) are added and
reacted forBQihaitg ad:SHC with akribiibblipg. by thissisy: ansacpllicadhesive pdlymer solution
(adhesive 15main agent)obtained. [00861 Preparation of UV Curable Adhesive To the acrylic .
adhediVe polpaver solutien (adhesivid manrdgent)is addeal daset sre DU SHREPEREEHT the polymer
solid of the acrylic adhesive, 2 Weigcht,parts f benzyL dirlr%;e;h%l <etal ( A(;UI%{I% 651 Z@Nihon
Ciba-Geigy k.K') 83445 atdbte BRotbircEatSF 0 3paHs of & RAikiire d%ﬁén‘faéry%ri of hexaacrylate
and dipentagyihinl, manohydipopeniasale ARRNEL M0 TeadnsrkChdpguslly Co. Lid.) as

monomers having a polymerizable carbon-carbon double bond in the molecule, and 1.35 weight parts
of an isocyapate R3chesshinking agentd®LES TER:P40475:81 Mitsui Toatsy £haridatsdnc.) it part as a

thermal crosslin.king agent) lo produce a UV curable adhes;v
wafer and therefore casy peeling can be realized.
15 [0052] - A semiconductor wafer surface protection sheet of the present
invention includes resin layer B that does not exhibit hot melt property.
Thus, as illustrated in FIG.2B, even when the semiconductor wafer
surface protection sheet of the present invention is attached to a porous
circuit protection film, it is possible to prevent the materials of resin

20 layer A and resin layer B from flowing into the pores and thersby to

achieve good peelability.

Examples
(0053}  (Examples 1 and 2
25 1. Measurement of Tensile Elasticity of Respective Layers
As a base Tilm, a polyethylene terephthalafe film (thickness: 73
um) is provided. As a film for resin Jayer A, a 100 pm-thick film is

17
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provided which is oblained by extrusion molding of TAFMER p02735®

{Mitsui Chemicals, Inc., density = 861 kg/m:S Y. As a film for resin
layer B, a 100 wm-thick film is provided which is obtaiped by extrusion
moiding of Notia PN 3560 manufactured by Mitsui Chemicals, .inc..
5  Tensile elasticity is measured for these films in the procedure described
below,
[6054] The films are each cut into a piece with an initial dimension of
14 cm lengih and lem width to prepare sample films for measurement,
Tensile test is then conducted under the following conditions to
10  measure elongation (mm) of the sample film: measurement temperature
= 250”, distance between chucks = 100 mm, and tensile speed = 50
mm/min. A tangent line is drawn to the initial rising section of the
obtained stress-strain curve (8-8 curve), and the gradient of the tangent
line is divided by ¢ross sectional area of the sample film to find fensile
15 elasticity.
{00551 2. Fabrication of Semiconductor Wafer Surface Protection
Sheet
As a base film, a 75 pm-thick polyethylene tercphthalate (PET)
film is provided. TAFMER P0275% (Mitsui Chemicals, Inc., density =
20 861 kg/m’) and Notio PN 3560 (Mitsui Chemicals, Inc.) are co-extruded
onto the polyethylene torephthalate film, laminating thereon two layers
of co-extruded resin formed of resin layers A and B, In this way a
semiconductor wafer surface protection sheet s obtained. The
thicknesses of the polyethyleme terephthalate film, resin laver A and
25 resin layer B of the semiconducior wafer surface protection sheet are 75
pwm, 480 um, and 3 um, respectively.
{00561 3. Evaluation of Semiconductor Wafer Surface Protection Sheel

18
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700 pm-thick semiconductor wafers having 250 pm-diameter
solder ball bumps formed on the patterned surface are provided,
Specifically, two semiconductor wafers are provided, one for Example 1
in which bump-to-bump interval is 250 pm, and the other for Example 2
in which bump-to-bump intervel is 150 pm.

[0057] Using a tape laminator (LINTEC RAD 3510}, the
semiconductor waler surfécc protection sheet s attached to the
patterned surface of the semiconductor wafer by heat pressing uader the
following condition: wafer table temperature = 70C°, roller temperature
= 40C", pressure = 0.5 MPa, roller laminate speed = 2 mm/sccond.
[0058] The semiconductor wafer is then loaded on a back grinder
(DISCO DFGRSGO), and the non-patterned surface of the semiconductor
wafer ig ground to a thickness of 300 pm.

100597 Using & tape remover (RINTEC RAD3010), the semiconductor
wafer surface protection sheet is peeled from the patterned surface of
the semiconductor wafer at ambient temperature.

[00607 In these steps, irregularity accommodation ability, peelability
and adhesive residue level of the semiconductor wafer sheet profection
sheet, and thickness uniformity across the wafer after grinding are
evaluated as described below.

100611 1) Irregularity Accommodation Ability of Semiconductor Wafer
Surface Protection Sheet

Using a microscope {(KEYENCE), the patterned surface of the
semiconductor wafers to which the semiconducior wafer surface
protection sheet is attached is observed at 50-100x magnification for
the presence of veids between irregularities on the patlerned surface.

The sheet that leaves void is evalvated as X, and the sheet that leaves

19
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no void is evaluated as O,
(00621 2) Thickness Uniformity across Wafer after Orinding

Using a micrometer {(Mitutoyo 227-101}, total thickness
variation {TTV) of the scmiconductor waler after grinding is measured
in accordance with JIS B7502 at 23C°, 50% R, Specifically, wafer
thickness is measured at 11 points, and the difference between the
maximum and minimum values of thickness is measured to find TTV.
The wafer with a TTV of not greater than 15 pm iy evaluated as O, and
the wafer with a TTV exceeding 15 pm is evalnated as X,
{00631  3) Peclability

Using 2 taj:ke remover (RINTEC RAD3010), it is evaluated as to
whether or not the semiconductor wafer surface profection sheet can be
peeled from the patterned surface of the semiconductor wafer by 180
degree peel testing. Measurement is made at 23C°, 50% RH, and
peeling speed of 300 mm/sec. The sheet that can be successfully
peeled is evaluated as O, and t.ﬁ_c sheet that cannot be peeled or cannot
be easily peeled is cvaluated ag X,
[00641 4) Adhesive Residue

The patterncd surface of the semiconductor wafer from which
the semiconductor wafer surface proteciion sheet has been peeled is
observed with a microscope at 50-100x magnification, The waler on
which no adhesive residue is confirmed is evalpated as O, and the wafor
on which adhesive vesidue is confirmed is evalvated as X.
[0065] (Examples 3 and 4)

Instead of the semiconductor wafer prepared in Examp.!’e 1,
semiconductor wafers having a porous circuit profection layer formed
on the patterned surface are provided, The porous circuit prolection

20
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tayer is prepared in the procedure described below.

(00661 1} Synthesis  of Polyhydroxyamide {Polybenzooxazol
Precursor)

27.0 g (0.2 mol) of 1-bydroxybenzotriazol (KRURGGANE KASEI]

[#3)

Co., Ltd., HBTY is dissolved in 150 mL of N, N-dimethylacetylacctamide
(Wako Pure Chem Industries, Lid,, DMAc), and the solution is cooled to
S10CT, 2002 g (0.2 mol) of triethylamine (Wako Pure Chem Indsutries,
Ltd.) is added to the solution.

(00677 29.5 g (0.1 mol) of 4,4'-dicarbonylchloride diphenyl ether

10 (NIHON NOHYARKU Co., Ltd,, DEC) is dissolved in 150 mL of acetone,
after which this solution is added dropwise to the above-prepared
mixture solution of HBT, DMAc and tristhylamine while keeping ig’ijm
liguid temperature below OC°. The solution is stirred for 2 hours at
-10C*, warmed to room temperature, and stirred for a further 1 hour.

15 After stirring, triethylamine hydrochloride is liltered and the filtrate is
charged into 2L of water to yield a white precipitate. The precipiiate
is collected by filtration and washed with acetone. Further, the
precipitate is dried in a 50C° vacuum drier for 48 hours to yield HBt
ester of DEC.

240 [G068] 18.3 E (0.05 mol} of
biS(ZB—am'ina~4fi‘1ycirﬁxyph¢nyl}§mxafium‘(}p.&:c}pmw {Bis-APAF, Central
Glass Co., Ltd.) is disselved in 200 mi of DMAc. To this solution i3
added 24.6 g {(0.05 mol) of HBT ester of DEC and reacted for 6 hours at
5007 to yield polyhydroxyamide in whick Bis-APAF and DEC are joined

25 by an amide bond (polybenzooxazol precursor). This solution is

charged into 2L of water. A white polymer precipitate is collected by

filiration and washed with water. The polymer is dried in a 506C°

21



e 24 4--- 40 c, 40 C/2 Notio PM 2060 43 20 co OLO.C2r ----- 11snorod0000 1Peg C70eN. o
0?0

2F11136-US-P
vacuum drier Tor 48 hours to yield polybydroxyamide powder.
[0069]  2) Synthesis of Photosensitizer A
42 4 g (G mol) of
4,4 [1-]4-{1-(4-hydroxyphenyl)-T-methylethyliphenyljethylidenebisph
5 enol (Tris-PPA, Honshu Chemical Indsuiry, Co., Lid.) is disselved in
600 ml of 1,4-dioxane (Wako Pure Chem Industries, Lid.). This
solutiop is  warmed to 40C° and 67.1 g  ((.25  mol) of
S.naphthoquinonediazide sulfonyl chloride (NAC.5, Toyo Gosei Co,,
Ltd.} is added. To this solotion is sdded dropwise 25.3 g (0.25 mol) of
10 triethylamine in (00 ml 1,4-dlovane while keeping the internal
temperature below 45C".  After addition, ihe solution is stirred for 2
hours at 40C°. The solution is then cooled to room tlemperature,
triethylamine hydrochloride is filtered, and the filtrate is charged into
3L of water to vield a vellow precipitate.  This precipitate is collected
15 by filtration, washed with 1% hydrochioride aqueous solution (1L) and
then with water {3L). The yellow precipitate is dried in a 5007
vacuum drier for 48 hours to yield photosensitizer A.

[0070] 3) Preparation of Photosensitive Polybenmzooxazol Precursor

solution
Z0 20 g of the above polyhydroxyamide powder, 4.6 g of the above
photosensitizer A, and 2.0 g of

4,4'-(1-(2-(4-hydroxyphenyl}-2-propyliphenylethylidene)bisphenoi
(Tris-PA, Honshu Chemical Indsutry, Co., Ltd.) are dissolved in 60 mL
of y-butyrolactone (Mitsubishi Chemical Corporation). The resultant

25  solution is charged in a 100 mL-syringe and [iltrated thr(}ﬁgh a 0.45 pm
posre diameter polytetrafluorcethylene filter (Advantech Co., Lid.) fo
yvield a photosensitive polybenzooxazol precursar solution.

22
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[0071] 4y Formation of Porous Protection Layer
Using a spreading/developing device {Clean Track Mark-7,
Tokyo FElectron Ltd.), the pholosensitive polybenzooxazol precursor
solution is applied onto 2 O-inch wafer such that film thickness after
5 hot plate baking is 7.8 pm.  After hot plate baking, using i-line stepper
(DSW-8750, GCA), the entire surface of the wafer is exposed at a dose
aof 3,000 Jjem® through a mask with a pattern of 100 pm x 100 pm
square apertures. After exposuye, using the developing device of
Mark-7, th‘e formed film is developed by puddie development for 90
10 seconds with 2.35% tctramethyi. ammonium hydroxide solution (ELM-D,
Mitsubishi Gas Chemicals Co., Inc.). The developed poiybenzooxazol
precursor film is 7.1 um in thickness, |
[0072] The silicon wafer on which the polybenzooxazol precursor film
is formed is placed in an inert oven (INH-21C, Koyo Thermo Systems
15 Co., Ltd.), and heated at 140C° for 30 minutes and, alter raising
temperature to 380C” over 1 hour, hested at 380C" for 1 hour. 1In this
way a polybenzoaxazol resin film is obteined. The polybenzooxazol
resin film is then subjected to plasma treatment (reactive ion ciching)
for 3 minutes using a reactive ion etching appara%uﬁ.(REE—i{}, SAMCO)
20 under the following condition: gas = CFq, gas flow rate = 50 scem,
pressure = 6.6 Torr, output = 280W. In this way a porous circuit
protection layer is obtained.
[0073] 700 am-thick semiconductor wafers having 250 pm-dizmeter
solder ball bumps formed on the circuif protection layer are providad.
25 Specifically, two semiconductor wafers are provided, one for Example 3
in which bump-to-bump interval is 2530 pm, and the other for Hxample 4

in which bump-to-bump interval is 130 pm. Using the semiconductor
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wafers thus prepared and semiconductor wafer surface protection sheefs
prepared as in Bxample 1, evaluations are made for the semiconductor
wafer surface protection sheets and the wafers after grinding.

[C0747 (Example 5}

A semiconductor wafer surface protection sheet is obtained in
the same manner as in Bxample 1 except that the thickness of resin
layer B is changed to 20 pm. Evaluaiions for the semiconductor wafer
surface protection sheet and a wafer after grinding are made in the same
manner as is Example 3.

(00757 (Example 6)

A semiconducior wafer surface protection sheet is obtained in
the same nﬁanmr as in Example 3 except that, as resin for resin layer B,
Netio PN3560 (Mitsui Chemicals, Inc.} is changed to Motio PNOG40
(Mitsul Chemicals, Inc.). Evaluations for the semiconductor wafer
surface protection sheet and a wafer after grinding are made in the same
manner as in Example 3.

1006761 (Example 7)

A semiconducior waler surface protection sheet is obtained ino
the same manner as in Example 3 except that, as resin for resin layer B,
Notio PN3560 (Mitsui Chemicals, Inc,) is changed to Notio PN2060
(Mitsui Chemicals, Inc.). Evaluations for the semiconductor wafer
surface protection sheet and a wafer after grinding are made in the same
manner a8 in Exampie 3.

[0077] (Example 8}

A semiconductor wafer surface protection sheet is obtained in
the same manner as in BExample 3 except that, as resin for resin layer B,
Notio PN3560 (Mitsui Chemicals, Inc.) is changed to bydiogenated
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styrene-butadiene rubber (HMSBR). Evaluvations for the semiconduclor
wafer surface protection sheet and a wafer after grinding are made in
the same manner as in Examplie 3.
(00781 (Exampie 9}

A semiconductor wafer surface protection sheet is obtained is}.‘

the same manner as in Example 3 except that resin prepared by adding

- Swt% polypropylene (PP) to Notic PN3560 (Mitsul Chemicals, Inc.) is

used as rvesin for resin laver B, Evaluatiops for the semiconductor
wafer surface protection sheet and a wafer after grinding are made in
the same manner as in Bxample 3.

[06078] (Example 10)

A semiconductor wafer surface protection sheet is obtained in
the same manner as in Example 3 except that a 20 pm-thick polyolefin
tayer (?&}:}MER, Mitsui Chemicals, Inc.} is laminated onto a 75-pm thick
polyethylene terephthalate layer for use as a base tayer. Evaluations
for the semiconductor wafer surface protection sheet and a wafer after
grinding are made in the same mannes as- m Example 3.

[0080] {Bxample 11}

A semiconductor wafer surface protection shect is obtained im
the same manner as in Example 3 except that a 20 um-thick
ethylene-vinyl acetate copolymer (EVA} layer is laminated onto a
75-um thick polyethvlene terephthalate layer for use as a base layer
Bﬁ?aiuatians for the semiconductor wafer surface protection sheet and a
wafer after grinding are made in the same manner as in Example 3.
f00811 (Comparative Example 1)

A semiconductor wafer surface protection sheet is obtainegd in
the same manner as in Example 3 excepl that an ethylene-vinyl acetate
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copolymer (EVA) layer is laminated onto a 75-pm thick polyethylene
terephthalate layer for use as a base layer and that resin layer B is not
formed. FEvaluations for the semiconductor wafer surface profection
sheet and a wafer after grinding arc made in the same manser as in
Example 3.

[0082] {Comparative Example 2}

A semiconductor wafer surface protection sheet is obtained in
the same manner as in Bxample 3 except that thickness of resin layer B
is changed to 100 pm. Evaluations for the semiconductor wafer
surface protection sheet and a wafer after grinding are mads in the same
manner as in Bxample 3,

[00831 (Comparative Example 3)

A semiconductor wafer surface protection sheet is obtained in
the same manuver as in Comparative Example 2 except that resin layer A
is changed to an ethylene-~-vinyl acetate copolymer (EVAFLEX EV410,
DuPont-Mitsui Polychemicals, Co., Ltd.} layer having a thickness of
480 am, Evaluationg for the semiconductor wafer surface protection
sheet and 2z wafer after grinding are made in the same manner as in
Example 3.

[0084] (Comparative BExamples 4 and 5)

Semiconductor wafer surface protection sheets are obtained in
the same manner 28 in Example 3 except that, as resin uwsed for resin
layer B, Notio PN3560 (Mitsui Chemicals, Inc.) is changed to a UV
curable adhesive prepared in the procedure described below.
Fvaluations for the semiconductor wafer surface protection sheets and
wafers after grinding are made in the same manner as in Example 3 for
Comparative Example 4 and in the same manner as in Example 2 for
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Comparative Example 5.
[0085] Preparation of Adhesive Polymer
A menomer mixture of 30 weight parts of ethyl acrylate, 40
weight parts of 2-ethylhexyl acrylate, 10 weight parts of methyl
5 acrvizic and 20 weight parts of glycidyl methacrylate is reacted for 10
hours at 80C" in a mixture soivent of 65 weight parts of toluene and 30
weight of ethyl acetate in the presence of 0.8 weight parts of a
benzoylperoxide polymerization initiator (NYPER BMT-K40, NOF
Corporation} which is an initiater of 0,32 weight parts, After the
10 completion of reaction, the resulant solution is cooled, 100 weight paris
of xylene, 10 parts weight of acrylic acid and 0.3 weight parts of
tetradecyldimethyibenzviammonium chloride {Cation M2-100, NOF
Corporation) are added and reacted for 50 hours at 85C° with air
bubbling. In this way an acrylic adhesive pwtyﬁux:soluﬂon.(adhasivé
15  main agent) is obiained.
100861  Preparation of UV Curable Adhesive
To the acrylic adhesive polymer solution (adhesive main agent)
is added, based on 100 weight parts of the polymer solid of the acrylic
adhesive, 2 weight parts of benzyl dimethyl ketal {IRGACURE 651,
20  Nihon Ciba-Geigy K.K.) as a cleavable photoinitiator, 0.3 weight paris
of & mixture of dipentaerythritol hexaacrylate and dipentaerytbritol
monohydroxypentaacrylate (ARONIX M-400, Toagosei Chemical
Industry Co., Lid.) as monemers having a polymerizable carbon-carbon
double bond in the molecule, and 1.35 weight parts of an isocyanate
25  crogslinking agent (OLESTER P49-75-8, Mitsui Toatsu Chemicaly, Inc.)
(1 weight part as a thermal crosstinking agent) to produce a UV curable

adhesive,
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[0087) Evaluation results of Bxamples 1 to 11 are given in Table 1,
and evalupation results of Comparative Examples 1 to 5 are given in

Table 2.
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V000 1,00-0(.92)3/(09 970'09 two(ecuAD (09)a ccan) Ccia (c-tzod)CCEZ26;1) IE3J/T.3-VIL
TIRIAUVIL1111191ePi Material Not Notio provided_ PN 3560 E(60) (NIPa) 4.5 ThiCkICSS (pm) - !,
100 Temp. (CI 70 70 Pressure (MPa) 0.5 0.5 Patterned surface topology Porous | Porous
Bump-to-b%@ag distance (pm) 250 250 - Irregularity accommodating 0 X ability Thickness uniformity

across 0 X Wafer after grinding. Peelability X O (unpeelable Adhesive residue X [Base layer ,.., rliP 0
Resin layer B

[CO%E)]  As can be seen from Table 1, the semiconductor wafer surface
protection sheets of Examples 1 to 11 can well accommodale
irregularities on the patterned surface of the semiconductor wafers, as
S . well as exhibit good adhesion and wafer grinding stability. Morcover,
it can be seen that the semiconductor wafer surface protection sheets of
Bxazmples 1 to 11 have good peelability from the patterned surface,
particularly from the porous cireuit protection film, without causing
inflow of the adhesive material inte the pores leading to adhesive
10 residue. Tt can also be seen that these sheets have good peelability
even when the bump-to-bump distance is shert or when complex circuits

are patterned,
[0089] On the other hand, as cas be seen from Table 72, the
semiconductor wafer surface protection sheet of Comparative Example
15 1, which dees not have resin layer B, has good irregularity
accommodation ability and grinding stability, but has insufficient
peelability. It can also be seen that the semiconductor wafer surface
protection sheet of Comparative Example 2, which has too thick resin
layer B, less adjusts to surface irregniarities and thus has low
20 irregularity accommodation ability and low grinding stability. As
demonstrated in Comparative Example 3, it can be seen that the
semiconductor wafer surface protectipn sheet in which resin having
B(60Y/B(25) of 0.1 or more is used for resin constituting resin layer A

tess adjusts to surface irregularities and thus has low lrregularity

]
Lh

accommaodation ability and low grinding stability. It can also be seen
fhat the semiconductor wafer surface protection sheets of Comparative
Examples 4 and 5, where tensile elasticity of resin layer B is less than
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2 t$1ri (.7)z - z Attaching condition Wafer 2111136-11S-P [0088j As can be seen from
Tablesemiconductor wafer surface protection sheets of Examples 1 to 11 can well accommodate
irregularities on the patterned surface of the semiconductor wafers, as | as exhibit good adhesion
and wafer grinding stability. Moreover, it can be seen that the semiconductor wafer surface protection
sheets of Examples | to 11 have good peclabiLity from the patterned su rfage,‘ particHJI.a(_rI‘y from the
porous circliit-prétetior fim? Withatecalsing Ihfioh SPie diiifesie fidterial intd the Pores leading to
adhesive logsrge}sigjlrjme. It can also be seen that these sheets have good peelability even when the
hump-to-bLEJrﬁcb distance is short or when complex circuits are patterned. [0089]0On the other hand; as
can be seen from. Table 2, the semiconductor wafer surface protection sheet of Comparative Example
15 1, which does not have resin layer B, has good irregularity accommodation ability and grinding
stability, butrhas: insuffigient peasldbility. It can also be seen that the semiconductor wafer surface
protection sheet of Comparative Example 2, -which has too thick resin layer B, less adjusts to surface
irregularitiekI8AE thus Hasibve ROWPEYUIRAEE BEBTTHABARTOR bty S48 G SR dRE&fbilityAs

e e e e S PG STl e gurtace

. ) E APRE W at . .
protection SREEHIMWhIGH ormore is §&d for esi‘constituting resin layer

less adjusts to surface [regularities and thus haslowregularits ascemmodation ahifitvand low
grinding sta%l ity.it can also be seen that the semiconductor wafer surface protection sheets of
Comparativg Examples:4.ane B Whereatensile alastioitysaf:resint layer B ds dessithamtion

may have good peelability from a porous circuif protection layer.

Reference Signs List
[G091]
10 Semiconductor wafer surface protection sheel
12 Base film
15 14 Resin layer A
16  Resin layer B
20 Semiconductor wafer
20A Patterned surface
22 Circuit protection film

26 24  Solder bump



211.11.36-US-P 0,1 .MPa, generate adhesive residue upon peeling and thus are less peelable,.
Industrial Applicability 5[0090] A semiconductor wafer surface protection sheet of the present invention
has good. adhesion to irregularities on the patterned surface of a semiconductor wafer, and good
peelability ajﬁ%ﬁg{l{!@@ﬂ» Further, a semiconductor wafer surface protection sheet of the present
invention may have good peelability from a porous circuit protection layer. 10 Reference Signs List
[0091] 10 Semiconductor wafer surface protetfidhishget 12 Base film 1514 Resin layer A 16Resin
layer B 20 Semiconductor wafer 20.A Pgttegned surface Zzggiin%uiét protéaﬁté%n.filgn Zggﬁ'@?older bump
OF11136P ELAMS Claim 1A séRidSRAGLG WaterSiHacepiotettionsheet priLT: % base layer
having a tern E}%ﬁﬁé,ﬂgw at 25C, E(25), of 1 GPa 50r more; a resin layer A that satisfies the
condition EK% =A(25) c 0:1, where EA(25) is a tensile elasticity at 25C and EA(60) is a tensile
elasticity at 60C, thg EA{6Q)Lranging fiem QH05 IMRa-te: ik MPar ariC’, Eauesinfayef Bahaving a
tensile elasticity at 60C, EB(60), of 1 MPa or more and having a thickness of 0.1 um to less than 100
um, the EB(GO)being larger than the EA(60) of the resin layer A, wherein the resin layer A is
disposed between the base layer and the resin layer B. 15Claim 2The semiconductor wafer surface

protection sheet acéditiifity 1833air TANiaHEH efBr B8 HssTsda iy Fa(23) < 0.1,
' where E(25) is a iensile elasticity at 257C and E,(60) Is a tensile
clasticity at 60°C, the EA(60) ranging from 0.005 MPa to 1 MPa; and
a resin layer B having a tensile elasticity at 60°C, Eg(60), of 1
10 M™MPa or more and having a thickness of 0.1 pm to less than 100 um, the
Ep(60) being larger than the Ba(60) of the resip layer A,
wherein the resin laver A is disposed between the base layer and

the resin layer B.

15 Claim 2 The semiconductor wafer surface - protection sheet
according to claim 1, wherein the resin layer B is disposed at an

putermost surface of the semiconductor wafer surface protection sheet.

Claim 3 The semiconductor wafer surface protection shest
20  according to claim 1, wherein the resin layer A contains an olefin

copolymer.

Claim 4 The semiconductor wafer surface protection sheet
according io claim 1, wherein the resin layer A has 2 density of 800

25 kg/m® to 890 kg/m>,

Claim 5 The semiconductor wafer surface protection sheet
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outermost surface of the semiconductor wafer surface protection sheet. Claim 3The semiconductor
waferprotection sheet 20according to claim 1 wherein the resin layer A contains an olefin copolymer.
Claim 4The semiconductor wafer surface protection sheet according to claim 1, wherein the resin
layer A has%ﬂe%l:}%i_%gqgﬁoo 25kg/m3 to 890 kg/rn3 2E11136- (S P according to claim 1, wherein the
resin layer I3‘contains at least one resin selected from the group consisting of polyeth ylene elaslonier
and polystyrenedlastomer!8Chimn 6THe sSBmMiésntucHr \wafdr Sufacérpidtedtidbrtéhettaccording to
claim 1, wherein the base film is at least one layer _selectq,d fr(?ma'% Qi%,roug}c%rggis'[{g?gdof a polyolefin
film, a poly@&far it cahtla iEHinAtE MY OF SO)SIEHR Bayer BRd polyester faysr "Giding r'The
semiconductor Wﬁ er surfﬁg&%%?ption sheet according to claim 1, wherein thickness tA of the resin

. grysiyrence & . .
layer A is Iai?g’e)rct an a difference In level on a patterned surface of a semiconductor wafer. 15Claim

8A method of protecting a semiconductor wafer comprising: a first step of attaching the semiconductor
wafer surface protection sheet according to claim 1 to a patterned surface of the  semiconductor
wafer at 40C 1o 80€ under alpressure of I8 NiRa tov@B 120 MPEice  prelcomitbstepbEgrinding a
non-patterned surface of the semiconductor wafer to which the semiconductor wafer surface protection
sheet attachederding t@ thiri Btep of pREERSSINGhE Hon-patferibdiuriy of e B5&miconductor

wafer after grinding; and a fourth step of peeling the semiconductor wafer surfa rotection
sheet. 2F11456F 'fé‘i}é’i"rﬁ]@erﬁé?ﬁgtﬁga‘%s}‘ e }g %I 3?@ %Te'v% ne?élﬁnfhaé B%? e(’réljggldctga%éce of the

semiconduclog waler s, SifErenspy lavehp1 200 4 orighier 5 i 10The method according
e

to claim 8, wherein t

16 Claim 7 The semiconductor wafer surface profection sheet
according to claim 1, wherein thickness ta of the resin layer A is larger
than a difference in level on a patterned surface of a scmiconducfor

wafer.

15 Claim 8 A  method of protecting a semiconductor wafer
comprising:

a first step of attaching the semiconductor wafer surface
protection sheet according to clzim 1 to u patterned surface of the
semiconductor wafer at 40°C to 80°C under a pressure of 0.3 MPa to 0.3

20 MPa;

a second step of grinding a mnon-patiterned surface of the
semiconductor wafer to which the semiconductor wafer surface
proteciion sheet is attached;

a third step of processing the non-patterned surface of the

95  semiconductor wafer after grinding; and

a fourth step of peeling the semiconductor wafer surface

protection sheet.
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semiconductor wafer further includes a porous circuit protection layer attached to the patterned
surface. 10Claim 11The method according to claim 8, wherein the third step includes atst one step
selected from the group consisting of metal sputtering step, plating step, and heating step. Claim 12A
method of manufactysing a semiconductor device 15comprising: a first step of attaching the
semiconductor wafer surface protection sheet according to claim 1 to a patterned surface of a
semiconductor wafer at 40C to 80C under a pressure of 0.3 MPa to 0.5 Mra; 20a second step of

grinding a non-patterned surface of th semicgnductor yyafer Whiijch, the gemic,o,rrt]ductgr wafer surface
protection s(ﬁ{elxef[ijmlsBattacheJ(IJILfhe " Ca{}fﬁﬁdasct‘é%r o%n;%"osézascsiﬁﬁ ﬂitht% n"(%n-srz)gi%tnern}.5dps'fiur?ag‘(r:l(ga3 of the

semiconductorwafersafter grinding, and 259 fourth step of peslingdhe semicandugter wafer surface
protection sheet. 2F11 . 1. 36-1,1 Claim 13The method according to claim 12, wherein the patterned

surface of the samigonductor wafer has a difference in level of 200 pin or higher. 5Claim 14The
method according to claim 12, wherein the semiconductor wafer further includes a porous circuit
protection layer attached to the patterned surface. Claim 15The method according to claim 12, wherein

the third steEJ 10includes at least one step selected from the group consisting of metal sg)uttering step,
plating step "éﬁi'éi*h‘b%ting St@bﬁ method according to Tlamm 8, wherein  the

semiconductor wafer further includes a porous circuit protection layer

attached to the patterned surface.

10 Claim 11 The method according to claim 8, wherein the third step
includes at least one step selected from the group consisting of metal

sputtering step, plating step, and heating step.

Claim 12 A method of manufacturing 2 semicenductor device

15  comprising:

a firgt step of attaching the semiconductor wafer surface
protection sheet according to claim 1 to a patterned surface of a
semiconductor wafer at 40°C to 86°C under a pressure of 0.3 MPato 0.5
MPa;

20 a second step of grinding & von-patterned surface of the
semiconductor wafer to which the semiconductor wafer surface
protection sheet is attached;

a third step of processing the mom-patierned surface of _éh%
semiconductor wafer after grinding; and

25 a fourth step of peeling the semiconductor wafer surface

protection sheet,

a2
L.
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Claim 13 The method according to claim 12, wherein the patterned
surface of the semiconducior wafer has a difference in level of 200 pm

or higher.

Claim 14 The method according to claim 12, wherein “the
semiconductor wafer further includes a porous circuit protection layer

attached to the patierned surface.
Claim 15 The method according o claim 12, wherein the third step

includes at least one step selected from the group consisting of metal

sputtering step, plating step, and heating step.
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