2F1 11 364JSP DESCRIPTION Title of Invention SHEET FOR PROTECTI NG SURFACE
OF SEM CONDUCTOR WAFER, SEM CONDUCTOR DEVI CE MANUFACTURI NG METHOD AND

SEM CO\l[%gﬁrﬂ% .v\éF)ER PROTECTI ON METHOD USI NG SHEET. Technical Field [0001]
The pres ¢ {%Vetion relates to a sem conductor wafer surface protection
sheet, a nethod of protecting apggmirontdleror wafer using 10the same, and a
nmet hod of manufacturing a sem conductor device using the sanme. Background
Art [ 0002]:Runf ngvihesgrinding step of the non-patte n d surface of a 15

sem conductor in a manufacturing process of sem conductor devices froma
sen condugEgrr waffer,R @QTEEN condyoiara @af er sunfaceNprotauiRonAshert is
attached to the patterned surface of the sem conductor wafer in order to

prevent pogsihlepdarags: t aytike (pat hernned raurfaeg N 20[ 10003 Dite patiter ned
surface of a sem conductor wafer has irregularities that include not only

ci rcyi t sgphute @ e celat iwaly bipghodicfd ererces: inoas 1sem condugtor bunps.
Thus, when attaching a sem conductor wafer surface protection sheet to the
sem conduct or wafer, creation of voids between the sem conductor 25 wafer
surface protection sheet and the irregularity on the patterned surface of
the sem-gonductopriwal er results in a uneven distribution of stress across
the surface of the sem conductor wafer upon grinding of its non-patterned

SU“‘ace,go@%hng'rwgw%@%mwgw Bfiet thi Akl g ito: bt eakaggieTqay@i d this
probl em” sem’conductor wafer surface protection sheets have been proposed

that cawm{m@mmm; Q suhaaco! hBa Rl ti €5y i LONOFLEOr waxamake g Pat ent
Literature 1 proposes a sem conductor wafer surface protection sheet nade

of H@rtid‘t%lél a8l 254 OBl :69AROS b0 cRAL €Nt L L& AU 88: 230 dsRIOposes a
sem conduct or wafer surface protection shéeet that includes a base 1layer, an

irregul anity absorbing layer, and an adhesive |ayer.

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

15  semiconductor wafer in a manufacturing process of scmiconductor
devices from a semiconductor wafer, & semiconductor wafer surface
protection sheet is attached to the patterned surface of the
semiconductor wafer in order to prevent possible damage to the
patterned surface.

20 [0003] The patierned surface of a semiconductor wafer has
irregularities that include not only circuits, but also relatively high
differences in level such as semiconductor bumps.  Thus, when
attaching a semiconductor wafer surface protection sheet to the
semiconductor wafer, creation of voids between the semiconductor

25  wafer surface profection sheet and the irregularity on the patterned
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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10 Gitation List Patent Literature [0005] [PTL 1] Japanese Patent
Appl i cation Laid-OQpen No.2005-191296 15 [ PTL 2] Japanese Patent Application

Laid-Cp%gy,g%,g%0§-363139 [ PTL 3] Japanese Patent Application Lald-Open
No. 2005-243809PPTL 4] W02006/ 088074 Summary of |nvention 20Techni cal

Probl em;[9006] - sThe sem corduct of 2 wafernhsusdaca pnatiect werkshaetls di scl osed
by Patent Literatures 1 to 4 have sonewhat inproved adjustability to
surface Hinegukari tfesqy Honeviers, gheisen cenduchoncmal ewasur faceapr ot ection
sheets becone’| ess peel able fromthe semnm conductor wafer 25depending On the.

state ofythe-Rahtaraned surd acenohrdhessenheonductanl wafiest to surface
[ 0007] Speci fical ly,sone cases, a circuit protection film having

2111136-{133rHapPQrQus structure or asperities is formed prevously on the
patterned surface of a sem conductor wafer.For exanple, in sone cases, a

circyit [{@;rs@tagct ipgn £ikmponade .0f.Paliybenzaxazal@ josc§ubj &6k et cphAsma
treatnent (see Japanese Patent Application Laid-Open Nos.2006-124432 and

2004- 315009, ihirs.CAUSES IdSendidt hRgenUmber; Ofat l £a¥kAld dd.BBoONid e
circuit protection filmsurface (see journal of the society of materials

sci ence @gnd i apan Mol 952 Non d - 3p?§%5&%sj 3N <2008} nadfics bsitp JBke:4 he

circuit protection |ayer porous reduced perni.ittivity, in order to

educe, LARSBSRL ORI SN et anal s ons W dniger st

layer, and an adhesive layer,
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Summary of Invention
20  Technical Problem
[0006] The semiconductor wafer surface protection sheets disclosed
by Patent Literatures 1 to 4 have somewhat improved adjustability fo
surface Irregularities. However, the semiconducfor wafer surface
protection sheels become less peelable from the semiconductor wafer
25  depending on the state of the patterned surface of the semiconductor
wafer.
[0G07]  Specifically, in some cases, a circuit protection film having
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Whenabove sem conductor wafer surface protection sheet is attached to such
a porous circuit protection layer, the materials of the irregularity

absor bi n Ia er and adhesive layer flowinto the pores, nmaking difficult
peel i ng T 't Helsefi conduct or wafer surface protection 15 sheet after

grindi N%,d,1,3008 u%@t?r%s 0rVRILRQYBEs W &R, 4,BET BAS); BQRRaQKﬁQ'aﬁgpg@@%@(y, t he
shape of the irregul arltles on the patterned surface of a sem conduct or

wafer isbecom ng Mre comRLe%, Gauskng tdhie JBLEL 'eal 5 Q‘fexﬁ@euésrnﬂzegfw arity
absorbing |ayer and adhesive layer to flowinto th e gaps at the

i rregul acn;ul}%o%&&@n i1 AMB £38E50 oIBkes 20peel ing,gf.dibg ﬁ)eglﬁq{nduct or

waf er surface protection sheet difficult after grinding. [000 The present

| nventi 90 as. ACRILRAS e \ae¥h O 1R Ji00,£9QA% 611 BHIY b@@%eﬁcﬁﬂs'ﬂbl ect of

t he present inve tl on‘is to provid em conduct er surface

pr ot %Ctl Qf %I@%%t BEE@BLhaﬁ RO 1;@9@%?5(12@11 1(?)82 it E'Erb ?{%&%u??m?ﬁ!ﬁa&l{ er ned

surface of a sem condulict or and has goo peela I ter grinding,

d h d.o t t t
watf er Zﬁhfécm 5 BLERS %%8”%8%%‘3? B e o Lo TR £ esent
| nventi gn a(tzig g lg Tgan% PN Qf%(ljl‘g%t ‘ero g%r’ﬁ@gérj?fﬁﬂf@? ?l Onl’ﬁ ?(beet t hat

‘iel
may have a &n froma p uscir ayer or

froma pzat{({, ee ¢l iU{,u 9 ro\{\ééip{ng:oi%le?xpé r({l gLﬂl)‘?UB%u%?d é&lr}% ttRﬂt ;r{ar obl em

order to reduce iransmission delay of high-freguency signals along with
10 increasing ftransmission speed and frequency of electrical signal\_s.
When the above semiconductor wafer surface protection sheet is
attached to such a porous circuit protection layer, the materials of the
irregularity absorbing layer and adhesive laver flow into the pores,
making difficult pecling of the semiconductor wafer surface protection
15 sheet after griading in some cases. Moreover, with increasing
packaging density, the shape of the irregularities on the patferned
surface of a semiconductor 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
20 peeling of the semiconductor wafer surface protection sheet difficult
after grinding.
[0008] The present invention has been made in view of the foregoing
circumstances, An object of the present invention is to provide a
semiconductor wafer surface protection sheet that has good adhesion to
25 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
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[ 0009] The i nventors have established that a sem conductor wafer surface
protection sheet that includes resin |layer A, which is an irregularity
absorbing»layen\ and resin |ayer B which has a higher 10el asti c nodul us
than resi! WhES Hhi gh peel ability while ensuring adj ustabilityto

irregul agi.ti es anthg.pattgarnedssunfage. ofna ines Gondust o5 vwaberde The
i nventors have al so established that high adjustability to surface

i rregul ariti.gsq4apd, hi ghrpeehabidd t}%{}@%i@ﬁ’ aghieved; at ther sameg dd e by
adjusting the balance of tensile elasticity and thickness between resin

| ayer A'Spe%Fzg%fgg?i n.J.ayet,B. -Bh%)cﬁfrt}%%e@irchﬁg heap.ade | based, ony b hese

fi ndi ng Specifically, "a first aspect of the present invention

rel ates £,0:,86M, GONAUGLOK WAl Bty SYrdAns, Rratection sheet, [1]A

sem conductor wafer surface protection sheet including: 20a base | ayer
having a tensile elasticity at 25C, E(25), of 1 GPa or nore;
ayer "A that satisfies the condition EA(60) / 3425 <0.1,

wher e 5)..1s. ant ile elasticity at 25C and EA(60) is a tensile
elastigﬁ%§a£¥”%5%?gﬁﬁéh' (60) ranging from0.005 MPa to 1 MPa; and

LT BT TR DB eSEel g L ARPLELLY, B S0S.EB OB B Ly o e
arger tspl?"flﬁéehep1'%'?‘&982‘)'}10]‘3%1%@@ i@}%?' pmli%Yi%E Posifl faver A, which is an
irregularity absorbing layer, and resin layer B which has a higher
10 elastic modulus than resin A has high peelability while ensuring
adjustability to irregularities on the patterned surface of a
semiconductor wafter. The inventors have also established that high
adjustability to surface irregularities and high peelability can be
achieved at the same time by adjusting the balance of tensile elasticity
15  and thickness between resin layer A and resin layer B. The present
invention has been made based on these findings.

[0010} Specifically, a first aspect of the present invention relates 10 a

semiconductor wafer surface protection sheet.

1] A semiconductor wafer surface protection sheet including:
20 a base layer having a fensile elasticity at 25C7, E(25), of 1 GPa
or more;

a resin layer A that satisfies the condition EA{60) / Ha(25} < 0.1,
where Ea{25) is a tensile elasticity at 25°C and EA(60) is a tensile

elasticity at 60°C, the EA(60) ranging from 0.005 MPa to 1 MPa; and

]
LA

a resin layer B having a tensile elasticity at 60°C, Eg{60}), of 1
MPa or more and having a thickuness of 0.1 pm to fess than 100 pm, the

Fp{60) being larger than the Eo(60) of the resin layer A,
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P2F11136-US-P ayer A is disposed between the base |ayer and the resin | ayer
B. [2] The sem conductorrface protection sheet according to [1],
wherein the resit layer B is disposed at an outernost surface of the
5seni condlét-orwaf er surface protection [3] The seni conductor wafer surface

protection Sh%{m%%%@' NgifQad r\?h b ?slﬁ 50sWRES LN NG o 851014 Avern A

contains an ol elin copol yner. e sem conduct or mafer surface
protectwg@i%hgquggcgrdlng to any one of [1] to [3], wherein the resin
| ayer A has a denS|ty of 800 10kg/nB to 890 kg/ [5] The scm conduct or

waf er sunt face EFHsB L2600 §haGt w%‘%??%'rﬂ&e gl Wt%e sk %Lc&?d 4] (o Wherein

the resin: Iayer contalns at l'east one resin selected from the“group

Con_swty}gt %fhceizw%@yftg*}]e;d &3S q%ggag @q ﬁtm%@au%k %&fd&i[)m@fe

semni con or wat'er sur ace pro ectio according to any one of 1] to

[ 5], .where ase .8 yer selected fromthe group
COﬂSﬁStI%@n%Pngﬂﬁg 131 ﬁuadﬁ gﬁe? aﬁﬁggﬁﬁfgnd a lamnate film of

pol yol et | ayer, gggg%gln it {oe}r%,?g? (TR s%@gonggféprﬁ@mn%gaface

protectl shee one o erein I ckness
(o of LR Larer A A Lans aryc%“ HPA L SN S p et S e provent
|nvent|o%AreI s Lo a | of o rotecgkpgnis guj%gr waf er
usi ng tHﬂgsenlcg%dﬁgfépnaéfg% ?%gﬁ}fgé r 8 ect’i on ﬁ%g{ Fod of
protecting a sem onduct or water, i neluding: a fig mstea%nq&wa&)%% ng the
10 kg/m” to 890 kg/m”,
5] The semiconductor wafer surface protection sheet according to
any one of [1] to [4], wherein the resin layer B contains at least one
resin selected from the group coansisting of poelyethylene elastomer and
polystyrene elastomer.
15 {o] The semiconductor wafer surface protection sheet according to
any one of {1} to [51, wherein the base film is at [east one layer selected
from the group consisting of a polyolefin film, a polyester film, and a
laminate film of polyolefin laver and polyester layer.
L7] The semicondnctor wafer surface protection sheet according fo
20 any one of [1] to [6], wherein thickness t5 of the resin layer A is larger
than a difference in level on a patterned surface of a semiconductor
wafer.
[0011] A sccond aspect of the present invention relates to a method of
protecting a semiconductor wafer using the semiconductor wafer
25  surface protection sheet.
{81 A method of protecting a semiconductor wafer including:

a first step of attaching the semiconductor wafer surface



27E7,-11136-U3-P protection sheet according to 1.11 to a patterned

sem conduct or wafer at 40T to 80C under a pressure of 0.3 NI Pa to 0.5 Mra;
a second. step of grinding a non-patterned surface of the 5sem conduct or
waf er t @RihighuthHe sem conductor wal e protection sheet is attached;
athird st

step of processing the non- é)t rned surface of the sem gconductor
waf er fipéf’?‘g%ti“ﬁai hg‘:“ganﬁ’{‘g’rfibrﬁ?t GSEZ g‘f 5ee{i"iL%H’gfnteqe 5’s{‘é}ﬁiLc[”on(cyjiijcﬁ’bcr waf er

face 10prot [9] The meth ing to [8], wherein the patterned
Surf ace S EABCLEreBANIctof Ourart hae vt ¢t arEEECER & 3vaPRot B0 om or

hi gher . T%e,rret hod according to [8] or [9], wherein the sem conductor
| ades a% Fous circuit protection |ayer attached to the 15patterned

surface. [11] The method accordi nc%t_o ané one %)f [«8'11 to %1_0](, ‘ wﬂ_e}rei n he
third step inéi utfés™ar Yehst od 3{dF skl BER S ot He §t Tup® ol of
metal sputtering step, El ating step, @nd heat i ng steg. ‘%0012 A third
aspeét OFMIKBUAFEEENt WEAVentd o HéRat € t 3¢ B ItRIHEdO6f WHRNGAtt Fring a
sem conduct or . devi ce using the sem conductor wafer surface protection
sheet. [PESfecAioimsthod ot tiABhEfact uri ng a semi conduct or device including: a

first step of attaching the sem conductor wafer surface prot e%:ti on sheet
according to & third stép of processing the non-patierned surface of the

semiconductor wafer after grinding; and
a fourth step of peeling the semiconductor wafer surface
14 protection sheet.
[9] The method according to 8], wherein the patterned svrface of
the semiconductor wafler has a difference in level of 200 pm or higher.
[10] The method according to [8] or [9], wherein the semiconductor
wafer further includes a porous circuit protection layer attached to the
15  patterned surface.
[11] The method according to any one of [8] to [10], wherein the
third step includes at least one step selected from the group consisting
of metal sputicring step, plating step, and heating step.
[0012] A third aspect of the present invention relates to a methoed of
20  manufacturing a semiconductor device using the semiconductor wafer
surface protection sheet.
[12] A method of manufacturing a semiconductor device including:
a first step of attaching the semiconductor water surface
protection sheet according to [1] to a patterned surface of a
25  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
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to a patterned surface of a 25sem conductor wafer at 40'C to SO under
pressure of 0.3 MPa to 0.5 MPa; 2F1. | f364J3 sem conductor wafer to which
theconduct or wafer surface tection sheet is attached; a third step of
processpdtitéthed-'sur f ace of the semi conductor wafergrinding; and 5a fourth

step of qeeldng,the serirconductor; waf arc sw h.ace Prabvecty on [ 134The: net hod
accord lug to [12] wherein the patterned surface of theonductor wafer has a

di fferenge Lnihgugkeols 20Q.Rea, or higher. _
[ 14] Thenet hodaccor dt o[ 12] or [ 13] , wher ei nt he 10semni conductor wafer further

incl udes a porous;g rsﬁ‘l&'-t)t oPT 9t £€14s0R: | Byery &ttached boshhe cpatterined
surface. The method according to any one of 1.2 to [14], wherein

the thi r&%ﬁitc%ﬁdiuﬁﬁ}zug'%%;ag:E’t!c?%%En@i@x%;Sdtn%p_ sel ected from the group
consisting of netal sputtering step, plating step, and heating step, 15
5 a fourth step of peeling the semiconductor wafer suriace
protection sheet,
[13] The method according to [12] wherein the patterned surface of
the semiconductor wafer has a difference in level of 200 pum or higher.
{14] The method according to [12] or [13], whercin the
10 semiconductor wafer further includes a porous circuit protection layer
attached to the patterned surface.
[157  The method according to any one of [12] to [14], wherein the
third step includes at least one step selected from the group consisling
of metal sputtering step, plating step, and heating step.
15
Effects of Invention
[0013] A semiconductor wafer surface protection sheet of the present
invention has good adhesion to irregnlarities on the patterned surface of
a semiconductor wafer; and good peeiabiii‘{y after grinding. Further, a
20  semiconductor wafer surface protection sheet of the present invention

may have good peelability from a porous circuit protection layer.

Brief Description of Drawings
{0014]
25 FiG.1 shows an example of a semiconductor wafer surface
protection sheet; and
FIG.2 shows an example of a step of attaching a semiconductor
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Ef fects of Invention [0013] A sem conductor wafer surface protection sheet
of the present invention has good adhesion to irregularities on the
patterned surface of a sem conductor wafer; and good peel billy after

gri ndi ng:FiFusd-bler;; a 20sem conduct or wafer surface protection sheet of the
present invention may have good peelability froma porous circuit
protectf%ﬁ‘fd?@??bB ¥%¥&¥%§%$$ﬁfron of EXayin gs [081.4] 25F10.1 shows an
exanpl e of a sem conductor water surface protection sheet; and Fla2 shows
an exanple of a step of attaching a sem conductor 2FIJ, wafer surface
protection sheet. qgﬁcﬁkpgi%qggf Enbodi ments [0015] 1. Sem conductor Wafer
Sur f ace "PrEtéRt P8n IShBet" e A seni conduct or waf er surface protection

sheet o 15,0 Soh LIXSRNapel uigh, 2 bage g resin | aver A anc
PRl YT AN, g5k RNk ATIELINED SLLAGH 00, e, SPSRL el varm no
surface i??vaa%'iion 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 layer
and resin layer B,
[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 well 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  Fa(25), and tensile elasticity at 60C", Ea.(00), preferably satisfy the
condition Ba(60) / Ba(25) < 0.1, In particular, it is more preferable
that the condition Ha{(60) / EA(25) < (.08 be satisfied, and it is further
preferable that the condition Ea(60) / EA(25) < 0.05 be satisfied,
[0017] Teansile elasticity Ea (60) of resin layer A is preferably 0.005
20 MPa to 1.0 MPa, more preferably 0.01 MPa to 0.5 MPa. Tensile
elasticity Ha (25) of resin layer A is preferably 1 MPa to 10 MPa, more
preferably 2 MPa to 9 MPa. When tensile elasticity By (60) falls
within the range, resin layer A becomes flowable when aitaching the
sheet under warming and thos can well adjust to surface irregularities.
25  On the other hand, when tensile elasticity E5{(25) falls within the range,
resin layer A can retain its shape at ambient femperature after sheet

attachment and thus can ensure adhesion during processing.

I
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sem conductor wafer while adjusting to irregularities on the patterned
surface, as well as retains (fixes) its shape at anbient tenperature after
attachedﬂngQﬂgﬁgg, resin |l ayer A preferably has hot nelt property so as to
under go Pi'asti ¢ "def ormation. Thus,tensile elasticity at 25C, 15EA(25), and
tensi. | goeliasti Gityiiate 860Gt EA(I60)e rpriaf @mabt ynsatirslyint the: Condiviion EA(60)
[ EA(25) < 0.1.in particular, it is nore preferable that the condition
EA(60) /;&Ae28)e< 0.08 be satisfied, and it is further preferable that the
condition EA(60) / EA(25) < 0.05 be satisfied. [0017] Tensile elasticity EA
(60) of resin layer »Ashscipref erablox:0: 005 20MRay 0 /lnD MRa, anoretipr ef erabl y
0.01 MPa to 0.5 MPa. Tensile elasticity EA (25) of resin layer Ais

preferabliy:dnd¥Ra $0130 Macapne prefier ablivh 2nbPas tian QcMPau Wieniensi | e
el asticity EA (60) falls the range, resin |ayer A becones {towabl e

when sat tachingqthe sheet under warmng and thus can well adjust to surface
irregularities. 250n the other hand, when tensile elasticity EA(25) falls

wittiin the 2y rehayerich eamELlAMd st Share @At & iadiefy $heatiahi achment
and thus can ensure adhesion during processing. 2FI1136- (00181Tensile
el asti cifdy Qfistihe JMESLAiCAN KD ) s 8dnile T KR sRLECRULE (e mperature =
25C", distance between chucks = 100 mm, and tensile speed = 50
mim/min; and
10 3y A tangent line is drawn to the initial rising section of the
obtained siress-strain curve (S-8 curve), and the gradient of the tangent
line is divided by cross sectional area of the sample film to find tensile
clasticity,
(0019} The density of resin layer A is preferably 800 kg/m® to 890
15 kg/m®, more preferably 830 kg/m® to 890 kg/m’, further preferably 850
kg,/m3 to 890 kg/m”, When the density of resin layer A is less than 800
kg/m’, the elasticity becomes so low that shape retention ability
decreases. On the other hand, when the density of resin laver A
exceeds 890 kg/m®, clasticity becomes so high that adjustability to
20 surface irregularities decreases.
{00201 There is no particular limitation on the resing used for resin
fayer A as long as the above conditions for tensile eclasticity are
satisfied; olefin copolymer are preferable. Olefin copolymers that
have Cz.2 w-olefing as main component units are preferable.
25 (0021} Examplé-s of the .2 w-olefins inciunde ethylene, propylene,
I-butenc, i-pentenc, 3-methyl-l-butene, 1-hexene, 4-methyl-i-pentens,

3-mehyl-i-pentene, I-heptene, 1-octene, I-decene, and 1-dodecene,
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) As a specinerexanple, a sanple filmwth an initial di nensi on of 140
Filmlength, 10 mmwi dth and 75 pmto 100 tun thick 5is provided;

2) Tensile testujs then conducted under the follow ng conditions to
measur e &l éh’@at ol (m*r) of the sanple: msasurerrent t enperature = 25C,

dl st ancg[nt ‘1 en i%hu &at;utl 90 '%ma’? enﬁ %?gi(;ﬁzﬁg}f ”%’”!zﬂrfa@é‘d 103)

t ang ine is d 0 the Fal ection of the obtained

5.”.955 straln, eyrye {p%ns &Y Vhe)m HFeQ%agu %q f%t LQ)tpe P%&%‘“Q?& t hine is

di vi ded BY%t'85s secti'onal " area “of - sanple hd’t ensi | &

| ast t 1001 91T d f kg/ nB t
890 15 K iBr & pr efcefzia'véﬁ/@gfal&ies' e 4o Tt ur e e er ably
850k/3t hd . I t han 800
coruns, eradBiriee 6 ydtreb O S e "h%gé{ﬁ?efﬂe%tew%' Bty

d hand, ., when .t he d

i S Eaﬂaaﬁes?é‘%éwﬁaﬁ”mﬁ aﬁ”ﬁg%ib. nf%»ysfe 5558 avd
|rregularh es decre ses. é 1 OlThere is par -%%3% dmtationthe resins
used for®'E&FH PAYRY ﬁﬁéﬁ AP PO Hs "t He ab%r&ei SRt F’ohf’s‘”f“éf I%Jé)rﬁ’,yll%%fiu city
are satisfied; olefin cQ mer arﬁb pr.ef.erabl e, co olyn1 C2 1 O,-Olnain

conponeﬁﬁ”ﬁﬁﬁFé dd 5?%% ﬁ%ﬁ?%”yzé ﬁff%&dﬁﬁ%@én‘ﬁgthe fo? %fins

i ncl ude et hyl ene | ene, . 1- but ene, pe 3-Nn qh -I-

o T £ 1 ookt Bhe CopokERars | tuntena A Ffin e Ly Bt o

1- dodeceneﬁ ?{;%ﬁéﬁ}dLSIQ§ [002part|the|rhlghadjustablI|tytosurfac
U £ e,

ﬁgeeds 890

16 [0023] The tensile elasticity of resin layer A is adjusted by the
monomer type, comonomer ratio, modification, etc., of the olefin
copolymer. Reduction of the tensile elasticity at 60C° of the olefin
copolymer is accomplished by, for example, increasing propylene ratig,
modifying the olefin copolymer carboxylic acid, and so forth,

15  {0024] Resin layer A may contain additional resin or additives as fong
as such characteristics as good adhesion or peelability to or from
semiconductor wafers do not deleriorate. Examples of such additives
include UV  absorbers, antioxidants, heat stabilizers, lubricants,
softening agents, and adhesion improvers,

200 {00257 'There is no particular limitation on thickness ta of resin layer
A as long as it can fully accommodate irregularities (including
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 um, thickness (A of resin layer A may be set to 100

25  pm to 200 pm.

[0026] For increased peelability, it is preferable that resin layer B do
rnot become excessively flowable upon sheet attachment under warming,
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egul arities upon attaching, ethylene-a-o]efin copolyners such

et hyl ene- propyl enecopol yner, ethyl ene-1-butcnecopol yner, terpolyners of

et hyl ene- pr leene C412 a-olefins; and terpol yners of propyl ene-1-butene
copolyné? D5 YSRI 01 fins are preferable wi t h et hyl ene- propyl ene copol yner

bei ng’ norg prief enahl.e;hegause: propylepe: @ OVES thot rdehtiapeopeubyef ol efin.
copol yners. Conmercial |y avail abl e a-ol efin copol yners i ncl ude

TAFNERW%%RW wa@dmfem M,tbsuiyCheminCahser LG, c kL P023]dEhewhensh ) epel asticity
of resin layer Ais ad jUS teg by the nononmer type, conononer ratio,

modi ficaf ﬁﬁ:r}&;@et:%s’ : Of g tihe nl: fd ncapplymer (Redugtion sofirkhe stgnsis e
elast|C|ty at 60C of the ol efin copolyner is acconplished by, for exanple,

i ncreasi Y, ngy ife Qk efd.n, capeliyies, &arboxylic acid, and so
forth. 'QFﬁgégPﬁL%%%iag€%$ﬁb naybcgngaﬁﬁ'édgltfonaljﬁe5|n or additives as

| ongs asd%}l{!}%h}’ icharact er) s;;as,igond;adnesion- qry Q. of, gén SI??n‘E%gQ@}'CROr waf ers

do not deteri‘orate. anpl es of such additives :incl sor'bers,

ant| oxl datspAeat SEARLL 2ersc LRt Gants @(ﬁ@%?%m AYRNLE, pand pdhesi on

i nprover's ere is :no partlc I'i'mi tation on thi SS tA of

resin 1ayet Aas| and, asyi ben dul | ﬁ&qewrggﬁ%;gg'qumg {D9r S&H) conduct or

bunps) on the pa terned surface o “sem con

resin layer B is not excessively high so as not to cause significant
reduction in  the resin  layer A's  ability of adjustability to
10 (accommodating ability) surface irregularitics.
[00281 Tensite elasticity Er(60) of resin layer B is preferably 1 MPa
or more, but is preferably lower than the tensile elasticity at 60C of the
base layer. Tensile clasticity Ep(60) of resin layer B is preferably 1
MPa to 10 MPa, more preferably | MPa to 7 MPa., When tensile
15 elasticity Ep{(60) of resin layer B is less than 1 MPa, resin layer B i3
glued to a semiconductor wafer more than mnecessary upon sheet
attachment and thus peecling becomes difficult. On the other hand,
when tensile eias%iciif Ep{60} of resin laver B is excessively high, the
resin layer becomes so hard that adjustability to surface irregularities
20 decreases,
100291 There is neo particular limitation on the resin vsed for resin
layer B as long as the above conditions for tensile elasticity are
satisfied; thermoplastic elastomers are preferable, Examples ol the
thermoplastic elastomers include polystyrene elastomers, polyolefin
25  elastomer, polyurcthance clastomers, and polyester elastomers. Among
them, polystyrene clastomers and polyolefin elastomers are preferable

in view of the ecasiness with which fo adjost adhesiveness and



waf er . of the order 25pit to 200 pm [0026] For increased pc
preferable that resin layer B do 21-11" unlike resin layer A iesin |ayer
B do iibit hot nelt property upon sheetient under svarm i undergo
elasticiﬁéﬂéﬁhﬁﬁﬂbn at least in the Pater-described step of attachinu a
SC D Corfisurface protection sh 100271Thus, tensile elasticity at 60C of
resin Iayer é EB(GO preferably higherile elasticity at 60C of resin Iayer

A EA( egfo{}r.;ggwew g%@ D&, noLed, £ bat p%ﬁura,hgyi ensi dJi%ﬂ@'sagrrw

EB( 60) in Ia not ~excessive y 11 use

5|gn|f|qq 8at?dg%5tfqusy?éﬁ§%nlqyi%éé%ﬂgl gqngg ggégﬁ}%hEYt

Qclk .
10(acconnn n surface 1 rreqgul i €s. en5|ﬁé eﬁast|C|ty

-n(60) of b h
(he t)eniﬁf A D S LR R #&ns. B‘@%”?P’&?’%Al&‘éﬁiab ot

Il;/EISIt Z(I%I;%r?éﬁs Téﬁ?rgffhe@rfal‘?ljyfeﬁﬁm%ﬂ%Ob]lOOC (N%%pﬂ yﬂl(ﬁl ﬁﬂ(?r ab&%gena a to 7

products thereof {e.g., hydrogenated styrene-butadience rubber (H5BR)}.
{0031} The polyolefin elastomers include block copolymers of
crystalline polyolefin blocks and non-crystalline monomer copolymer
blocks. Specific examples thereof include

10 olefin-cthylene-butylene-olefin block copolymers,
polypropylene-polyethylencoxide-polypropylene block copolymers, and
polypropylene-polyelefin-polypropylene block copolymers.
Commercially  available pelyolefin  elastomers  include Notio®
manufactured by Mitsui Chemicals, Inc,

15 [0032}] Thickness tp 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 um to less than 100 pm,
more preferably 1 pm to less than 100 pm. When thickness {p of resin
layer B is less than 0.1 pm, it become difficult to exert resin layer B' s

20 peelability. On the other hand, when thickness ty of resin laver B is
100 um or more, resin layer A's adjustability to surface roughness tends
to decrease.

{0033] The base layer preferably has rigidity in order to suppress
warpage or deformation of s semiconductor wafer.  For this, the tensile

25  elasticity at 25C° of the basc layer, {25}, is preferably I GPa or more.
[0034] Such a base layer is preferably a polyolefin film, a polyester
film, or a laminate film of polyolefin layer and polyester layer, for

12



elasticity BB(60) of resin |layer B iMa, resin layer Bis glued to a
sem conduct or wafer nore than necessary upon sheet attachnment and thus
peeling becomes difficult.On the other when tensile elasticity EB(60) of
resin | ayer '‘B-Hs'excessively high, the resin layer becomes so hard that
adj ust ahiddfyito surface irregularities 20decreases. [0029] There is no
particular limtation on the resin used for resin layer B as |long as the

above Cqm@%@ﬁonﬁxﬁ&ﬁikﬁﬂﬁikﬁécﬁéuq@éﬁnSﬂﬂﬁsﬁhéﬂkuﬁ@%Hﬁp@k@@&&&‘@hﬁstOWEVS
are preferabl'e. Exanpl es of the thernoplastic elastonmers include polystyrene

el a. st ongt 5, ,pal ¥olighifn, 23¢lastomel ciRab Y 8Lhape &l ASt.0NBI.Sa:aRd POl yester
Llstons.Annn& | hem pol ystyrene el astoners and pol yolefin el astoners are

preferagigj%%gmhgnh%ngﬂgﬁgﬁﬂg§§i@ﬁﬁ@to adj ust adhesi veness and 21111130
flex ibil 1 01The pol ystyrene el astoners incl ude styt

bl ockcopa) r(s.S). i. exe = b .enesx r. l, r
Ceels O CPLB L el Srctly g LKL pepr e eogr L ech cOBaly

ther st, i K d t efl, produgt:sit her eof
ciher Siyysneisans ol gk peasshurps o, Dydrogpnal el Ryt e o

| yol ef | n. el ast orners. i | . copal, talline | ef i
pol yo! €14 & ?Exlg‘?{;és}‘fag@]tbﬁl%h‘&% ol ,9gk %g?%%ﬂﬁ%g ts‘fsr é?éi%.x%ﬂlaigﬁm%()’o erin

bl ocks and non- I he nononmer co peci ekX am pl es

thereof in 10 ol finm} g%@a}gg?}vtfyq@ggﬁ%ffﬂegs-mk?(ﬁ -»rpg{ HITBESpoor

polyproﬁ§ en--polye n-oxi de* po opyl ené bl ock copol yners,* and

pol yproﬂv%{"%%{beﬁi!? . ,%'neiiillé‘e{ﬂ?lz&ﬂfn%i?%’oh@%‘éiﬂ'g"c‘( copol yners.
Comrer ci a fyaval ablepol yol ef I nel"ast omér'si ncEudeNot i o(r)

10 [0037] The semiconductor wafer surface protection sheet may include
additional layer{s) as needed. The additional layers include adhesive
layer, scparation film, etc. The adhesive layer is not particularly
Jimited; for example, the adhesive layer may be ADMER® manufactured
by Mitsui Chemicals, Inc. The separation film is notf particularly

15 timited; for example, a polyethylene terephhalate film subjecied to
release treatment may be employed.
[0038]  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 laver and
233 rtesin layer B. For its funciion of increasing peelabilify, resin layer B
is preferably disposed at the outermost surface {not the one on the base
tayer 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
25  adhesive laver may be additionally disposcd between resin layer A and
base layer.

(00401 FIG.1 shows an example of a configuration of a semiconductor
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manuf actured by Mtsui Chemcals, Inc, 1001321Thi ckness t0 of resin |ayer
is preferably high enough not to cause reduction in the adjustability to
surface irregularities.For this, thickness tB of resin layer Bis
preferabmyrmﬂi{ﬁmrto less than 100 ttra, nore preferably 1 pmto Iess than
100 kn. n thi.ckness, t resin layer han becone
drffrcul? Y EXeftt Pa8i Qﬁglépe 1 sﬂ‘é’oIq u%fhedrf§§ 18 SQH fﬂtgktand
when t hi ckness t.ut of 0 p m .o Ia A's
adjustab?ﬁ %Ws%%“%%Pf%“é§¥3h§ nessgxe éP ecrease B@%%lﬂ%e %gge | ayer

preferab ha idity in. order t ! re S _wa f
fenlcond(§f$ 4 dﬁgyrfh RN ? ‘iﬁre %F%@@%@ﬁ gr%%? gﬁyﬁg ?ﬂeobage
ayer, F(25 ef er.apl 00 b
prefera?WWt%”pB yg$%ﬁ ﬁ%f gnfﬂ é%?y8§té fV%k? gﬁl anlnaaeefb?ﬁfpfls
putyal efin | ayer and yest er for, 2Fi 1136-FS-P exa

[ 0035] Ex%‘hlp‘r%%doéfwt[ ‘Pp’pl*yb‘t%f‘r(?‘f“{ Tt IFdde poI y/ puppy Eiagppl Ss of the

| yester el ude pol yet terephthalate fi htha |
Bre i1 m096) e Erdniade o SEcvpkees nsperre phat Loy Sud6tTo

invention can be manufactured by any method. For example, the
semiconductor wafer surface protection sheet can be manufactured by:
1) co-extrusion in which the base film, resin layer A and resin layer B
10 are co-cxtruded or in which resin layer A and resin layer B are
co-extruded onto the base film; 2) lamination in which the baser film
and films of resin fayer A and resin layer B are laminated together; and
so forth.
{00427 In the case of lamination, it is preferable fo form an
15 appropriate adhesive layer at the interface between the films as needed,
For increased adhesion between the fiims, the interface between the
films may be subjected to surface freatment such as corona discharge.
Lamination 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 molding.
[0043] 2. Method of Protecting Semicondyctor Wafer
One example of a method of protecting a semiconductor wafer
using a semiconductor wafer surface protection sheet of the present
invention includes: 1) a first step of attaching a semiconductor wafer
25  surface protection sheet to a patterned surface of a semiconductor wafer
under warming; 2) a second step of grinding a non-patterned surface of

the semiconductor wafer to which the semiconductor wafer surface

14
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about 250 urn, nore preferably 12 fun to 100 p.m The total thickness

i conductor wafer surface protection sheet is preferably 1,000

c preferabl 700 pmor less, in order to avoid poor workability upon sheet
at t achnmefit! gﬁ} peel i ng. 10[0037] The semiconductor wafer surface protection

sheet may, :.neliyde @ddi tional alcﬁé/@r(§) as meededicthesaddiddonal, | ayers
i ncl ude ‘adhesi ve | ayer, sepetc. The adhesive |ayer is not partlcularly forp

e, the ai%?ﬁ)'a\(ﬁ,rlngfefmwb Q@{MR(I%bziﬂﬁB!-Haa&fta%zegft@y éM?Ei$llf'llf7 and 4)
Chemi cal s, | The separation filmis not particularly 15imted; for

exanpl em.af@%ce! y&&bw ghe, tarephhal atgifim subi goted tuqur&l gaseatmnt may be
enployed [00381As" descri bed above, theonductor wafer surface protection

sheet i ngludes arR%%e a@g@rmgv resi ol R%ESd Abgn(% a«;iregsm '@Qé%‘i B¢pher ein

t he reS|n Iayer A pose betmeen t he base Iaye and 20re |n | ayer

B. Fors 1 L5, £ HAGLILO, of, j0eeasiang pPegl aBbI b ¥ lESi By el. Buf s prgf erably

dlsposed"a the ‘ouf er most surfac t’he on t ase ayer de) of the
semconc%cg&E waf er surface protection sheet, [0039]Iayer A may be a
nono- | ayer or a mul tiple-layer.In order tore adhesion between resin |ayer A

and. basa e, pA 2320880k ol AL TRY dewARd! Lianald ¥rOh sRgped et veen

resin | a and ‘base T ayer OWsS an exanp
conf i gur&owgﬁ{?f % 2§ rrgu(f??aqg?ec(%{on layer may be provided on the patterned

surface of the semiconductor wafer in order to prevent possible damage
10 1o the circults in subseguent sfteps.
[0045] 1t is only necessary that the circuit protection layer is made of
insulating resin; for example, the circait protection layer may be made
of polyimide or polybenzoxazole.,  Moreover, in order to reduce
transmission delay of high-frequency signals, the circuit protection
15 layer may be made porous for reduced permittivity.
[0046] FIG.2 shows an example of a step of attaching a semiconductor
wafer surface protection sheet., As illustrated in TFIG.2Z, in the first
step (attaching step), semiconductor wafer surface protection sheet 10
is attached fo semiconductor wafer 20 under warming such that resin
20  layer B 16 comes on the patterned surface of semiconductor water 20 on
which semiconductior bumps 24 and the like are formed. As described
above, portous circuit protection layer 22 may be formed on the
patterncd surface of semiconductor wafer 20,
[047] Sheet attaching temperature may be set to 406C" to 80C", and
25  sheet attaching pressure may be set to 0.3 MPa to 0.5 MPa. When the
sheet atiaching temperature is below 40C°, the elasticity of resin layer
A s less likely to decrease and thus adjustability to surface

15



2F11136- US-1/ waferace protection sheet.As illustrated in FIG!,

sem conduct or wafer surface protection sheet 10 includesorder,se |ayer 12,
resin layer A 14, and resin |layer B 16. Sem conductor wafer surface
protectimnishegt-A0 is attached on the resin layer B 16 side to a patterned
surface of a senjconductor wafer  [00711/A semi gonduct or watgrf surface

pr ot ect i \OFF VBT TG t RECHE&Ent | MVent'on Ay be Mituf Akt Ur ed B HHY

met hod. For exanple, the sem}gi),md_u_ctor vvaf@r'rhtzlqr]‘ace. grpjt e{fqti on sheet can be
manuf act'GPEt BT Cc6EXKETISEOA" In Whi'th HHECHASE 1 IR CPESi ATPAY &Y A and
resin layer B 1lOare co- ext‘r,ude(g or in which resin layer A and resin layer B
are co- éxt'PEEBd 6t ot hac BAse! HYCTPanY hHt'i O T AC WHPLH 't Me SHa&er*Fi 'm and
films of resin layer A and resin |ayer B are | am nated together; and so
forth, [TOA21R'AskHE Ease 28F i hatF ot ™iEai%  preferable to form an
15appropri ate adhesive |ayer at the i'nterface between the filns as eeded.
For Pncri@848d abhésporcButhWaE (8F PddBEpdtReen’ t M ¥ PRHSTARY BE &t ect ed
to surface treatnment such as corona discharge. Lam nation nmay be effected
ei ther dxrelisisontaceni mdt it 6FMdegnd@ricRaty DY B | BEOWH rB5i A BAYET A and
resin |layer B can be produced 20by, for exanple, extrusion nolding. [0043]
2. Met hddiofnProrath itgg SSé“ﬁiﬁC@@ﬁﬁaéﬁoiwa\ﬁﬁf grrface protection sheet being

attached to the patterned surface of the semiconductor wafer. The
thickness of the semiconductor wafer after grinding may be, for
10 example, 300 um or less. Grinding is mechanical grinding by means of
& grinding wheel. The grinding method is not particularly limited,
grinding may be effected with a known grinding method such as
through-feed grinding or in-feed grinding. In the second step
(grinding step), gencrally, the temperature of the semiconductor waler
15  and the temperature of the semiconductor wafer surface proteciion sheet
attached thereto are both within the range from 25C° to less than 40C",
[0049] In the third step (processing step), a step selected from the
group comnsisting of metal sputtering, plating and heating may be
conducted on the non-patterned sorface (back surface) of the
20 semiconductor wafer may be subjected to  Heating step includes, for
example, a step of attaching a die bonding tape under warming.
100501  In the fourth step (peeling step), the semiconductor waler
surface protection sheet is peeled at ambient temperature. The method
of pecling the semiconductor wafer surface protection sheet is not
25  particularly Hmited; peeling can be accomplished using any known
taper remover,

[0051] A semiconductor wafer surface protection sheet of the presant
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One exanple of a nethod of protect/e: mco:nwafer using a sem conductor

waf er surface protection sheet of the present invention: 1) a first step of
attaching a sem conduct or wafer 25surface protection sheet to a patterned
sur f ace of i aissiewirconduct or waf er under wart 2) a second step of grinding a
non- patterned su et is atta 1:3) a

third sﬁ@ﬁe%@“ﬁﬁégzgg?igﬁﬁﬁgbﬁé%ﬁ%gﬂgéE%gg%gékggéigﬁﬁ“Pﬁgr'CI gg%ﬁUctor
T s R Y e T L W
of dicing the Seem conductar weler [ Lo chi be, &, SLgp ol encapeul aling the
e bat Lt e P et h Sl PoLClL Sl YL T BBy o
possi bl e damage 10to the circuits in subsequent steps. [0045]11 js only
necedsardj2IfAtT CReMETEL W hF FAAETTER THYEFEIY At BRNINSUP At HG 1 esi n;
for exanple, the circuit protection |ayer my be made _
and thus can be In intimate contact with ithe semiconductor wafer
without leaving any space. Good adhesion to the patterned surface of
the semiconductor wafer can be ensured in the subsequent second step
(grinding step) and third step (processing step} as well.  Moreover,
10 since resin layer B of the semiconductor wafer surface protection sheet
is in contact with the irregularitics on the patterned surface of the
semiconductor wafer (see FIG.2B), in the fourth step {peeling step}, no
adhesive residue is left on the patterned surface of the semiconductor
wafer and therefore easy 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 FIG2B, even when the scemiconductor waler
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 thereby to

achieve good peelability,

Examples
(00537 (Examples 1 and 2)
25 1. Measurement of Tensile Elasticity of Respective Layers
As a base Tilm, a polycthylene terephthalate film (thickaness: 75
wm) is provided. As a film for resin fayer A, a 100 pm-thick film is
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of polyirnicle or polybenzoxazo Moreover, in order to reduce transm ssion
del ay of high-frequency signals the circuit protection |ayer nay be made
por ous f.& uggg permttivity. [00461 F1(3.2 shows an exanple of a step
of atta ﬁg' 5-S8m conduct or wafer surface protection sheet. As illustrated
in FlG 2rohvidddey fichsts stepinat bachingssiep) ol dSeRi COMMCHorR: wafers sur f ace
protection sheet 10 is attached to sem conductor wafer 20 under warm ng

such thatyresi n0120-1@yer 1B: 16d6omes omdihe pat’t er ned surfiacespficsin
sem conduct or wafer 20 on whi ch seni conductor bunmps 24 and the like are

forned. jAs.Aescs iibed.abover POFROWSy GG §u tw PIOt Qcét@lﬂn&@){ﬁhgﬁ ulRy, be
formed on"the patterned surface of sem conduct or wafer [ 0047] Sheet

at t achi r!go.tcﬁ'ﬂgeﬁ@t B8 BN be 588t 1191496 101 86¢, namey 2T ﬁ%’!ﬁﬁiﬂ!at traghi ng
pressure nay be set to 0.3 MPa to 0.5 Nita. Wen the sheet attachrng

tenper atpngij S Ret W A0CHm c &she. glrastih edd yirafs 1eshd pk ay&afy A r!i@sc'rﬁ%%i likely
to decrease and thus "adjustability to surface 21, 111 36- US-

|rregulaﬁ,%vesd Cre' Ont heot her hand, sheet att achi ng tenperature exceedi ng 80C
is not preferable as process tenperature. Attachnent of the sem conductor

waf er s @b@@Fopr 9% gct on  shaek &mﬁ*@@ aagﬁcat LRI shiigdiMsaym kRGWR Lape

| am nat I'n the second step (grinding step) t he non-patterned

surface &P%ﬁhér%ffh Lhe s& &errqtugag, %@{) Ehain$) grioynd ibp e S MEM il ckness

wi th the sem conduct or ma er sur tection sheet being attached to the

pat ter ned, syrf ace, ofg trh%nse{e Hgt %d\é@f Be m@or,hhskesﬁgn@m he,

sem conductor wafer after grinding may be, exan% e, 0 p.mor |ess.

G i ngi nqﬂrf s JTECHARILC orgrrnrrgj B9 (RY 4 ragﬁ@e afma araggo%;M%peahﬁf@rl ndi ng

met hod i's 1ot partrc m t ed; ndi ng may ected wt known

gri ndi ng. n%( o ngrn{,@m rc%%h{.sgg .ercﬂiﬂ A% Oh, & egd s aL fiiéaﬂcg': lqp the

second step Ing s general | e ténperature o
sem con r waf er, u th waf er
surfacqug égtrdﬁ %gbﬁpgt%ggﬁegﬂnﬁ%ﬁgtg%%ggi%ofﬁ W |n ?ﬁe range from

25C 10 | SRaiNen 400, 10048 e %mcrda?rtﬁeﬁm(?rrtz(%ﬁgﬁ?h@q}aétt%%en@ st ep

sel ect ed’ consi st | at “and heating
may be onducted

20seni conduct ¢ ?VKQ¥%fyﬁﬁQQB§%su§ %ggég aﬁ% %Mﬁghafﬁﬁggg?%“P L&QFO

exaqgle &S“te? of attachrng a dre bondrng t ape under war m ng.

{0055} 2. Fabrication of Semiconductor Wafer Surface Protection
Sheet
As a base film, a 75 wm-thick polyethylene terephthalate (PET)
film is provided. TAFMER P0275% {(Mitsui Chemicals, Inc., density =
200 861 kg/m”) and Notio PN 3560 (Mitsui Chemicals, Inc.) are co-extruded
onto the polyethylene tersphihalate film, laminating thereon two layers
of co-extruded resin formed of resin layers A and B, 1In this way a
semiconductor wafer surface protection sheet is obtained. The
thicknesses of the polyethylene terephthalate film, resin layer A and
25  resin layer B of the semiconductor wafer surface protection sheet are 75
pm, 480 um, and 3 um, respectively.
{00561 3. Evaluation of Semiconductor Wafer Surface Protection Sheet
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[ 005011 n. the fourth step (peeling step), the sem conductor wafer surface
protection sheet is peeled at anbient tenperature. The nethod of peeling
t he sem conduct or wafer surface protection sheet is not 25particularly
Li mted;zpeeki-ng-can be acconpli shed usi ng any known taper renover, [00511A
sem conductor wafer syrface protecti on sheet of the present _invcnton
i ncl udes resin Yy - R ithat B AP BT ¢S HotY 4T RES h"“““t%éfﬁ P st (4t t achi ng
step), ased i nF1G 2B, sem conduct or fer surface protection sheet can well
adj ust tOFEr abpVely 1af g ivseglrar it 88167 5cY &enitEondlict BFOBRAs of 200
pm di aneternore) on the patterned surface of a sem conduyctor wafer, and
Phus. canSBRE I A i i et 6 Boft HELC HiF (R B ASeriiOSndiibt oF° vt &r< i Tt Kol
| eavi ng any space, Good adhesion to the patterned surface of the
sem conductor < wdfietp dant e pedered Prrthe subsedient hsecohd*$tp c(Gri ndi ng
step) and third step (processing st_epa as well.Mreover, 10since resin
| aye B iof wihheh $em ronductsrinhefier isurfae& protection sheet in contact
with the irregula s on the patterned surface of the sem conductor wafer
(see FIOLER), i nUshes f our tilipst el it peébl nd ISTEPEC n& ‘aldhedPVE)r edbdue i s
left on the patterned surface of the semi conductor wafer and therefore easy
peel i ng ©anidve dueadi zed e 55 00B2F A sehi donduchort wif eritaghddhce plbt ection
sheet of the present invention includes resin |layer B that does not exhibit
hot mel tpproped yurThusf &s jdmigsmdatcéer Wi fFr &y, heateprofhere phécr the
sem conductor wafer surface protection sheet of the present invention is
at t achedfaléowiporondi @y cuiafeproblectdropefatim =i 70{s, possi btepemiprevent the
materials of resin

10 = 40C7, pressure = 0.5 MPa, roller laminate speed = 2 mm/second.

[0058] The semiconductor wafer is then loaded on a back grinder

(DISCO DFG8560), and the non-patterned surface of the semiconductor

wafer is ground to a thickness of 300 am.

[0059] Using a tape remover {RINTEC RAD3010), the semiconductor
15 wafer surface protection sheet is peeled from the patterned surface of

the semiconductor wafer at ambient temperature.

(00607 1o these steps, irregularity accommodation ability, peelability

and adhesive residue level of the semiconductor wafer sheet protection

sheet, and thickness uniformity across the wafer after grinding are
20 evaluated as described below.

[0061] 1) Irregularity Accommodation Ability of Semiconductor Wafer

Surface Protection Sheet

Using a microscope (KEYENCE), the patterned surface of the

semiconductor wafers to which the semiconductor wafer surface
25 protection sheet is aﬁached is observed at 50-100x magnification for

the presence of voids between irregularities on the patterned surface,

The sheet that leaves void is evaloated as X, and the sheet that feaves
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20l ayer A and resin layer B fromflowing into the pores and thereby to

achi eve good peelability. Exanples [0053] (Examand 2) 251 Measurenent of
Tensile Elasticity of Respective 1....ayers As a base film a

pol yet hylféné t-&iSebht hal ate film (thi ckness: 75 urn) is provided. As a film
for resif, l,ayer.A, 4,400 pnmxthick filmis 17 2171 136-US-P provided which
IS obtained by extrusion nolding of TAFMER P0275(r) (M tsui Chem cal s,

| nc. %@(‘5}' _??’@’% !(9/151&,”85 Q}i}l?oﬁnﬁi§f'alcm)tOwc{§%§lsir¥‘iéia%?fnd]1§]gj a 100 umt h' ck
f|In1|s provi‘ded mhlch I's obtained by extrusion nolding of Nati o PN 3560

manuf actured by Mtsyi Chem.cals, Jmméﬂ%nsw@ glast i %wy i pirmasured for
these filnms in thg procedure descri bed bé [ 00541The fil s are each cut

'moaWﬁ%%ﬂﬁﬁW@hah@&ﬁ%%&h%“%ﬂ%%ﬁ%%%%m%dmto

prepare sanp for measurenent. Tensile test s tten conducted under

the Lol I, Qgguﬁﬂﬁﬂth@ﬂ?;ﬁ@zégﬁogeéﬁ%%%‘ehﬂﬁ%akﬁpn &gﬁlnﬁﬁﬁége SaUP'e film

n”easuremen nperature -= st ance’ between chu

tensile i%?elgxgm% ?9 }!nr(l, 1%@6@ at tl?nﬁgﬂ tsl Iﬂ":ec i?lng%:tEl? é@ctwtc?]e?iltc rl Si ng

section bt ai ned stress strain Curve curve gr adi ent

of the ta”%%n? f@elﬁu %hv %% g%% %OﬁE#§%&£499 nccxﬁ% Of, the spmple film

to flnszenS| as ICI a rlcatlon enlconductor Vaf er

Surface Fr Otxﬁ%tell Ov(f]ﬁ}?haeeft'l"‘v' ef not greater than 15 pm is evaluated as O, and

the wafer with a TTV excecding 15 pm is evaluated as X,
10 {00631 3) Peclability
Using a tape remover (RINTEC RAD3010), it is evaluated as to
whether or not the semiconductor wafer surface profection sheet can be
pecled from the patterned surface of the semiconductor wafer by 180
degree peel testing. Measurement is made at 23C°, 50% RH, and
15 peeling specd of 300 mm/sec. The sheet that can be successiully
peeled is evaluated as O, and the sheet that cannot be peeled or cannot
be casily peeled is evaluated as X,
10064] 4) Adhesive Residue
The patterned surface of the semiconductor wafer from which
20 the semiconductor wafer surface proteciion sheet has been peeled is
observed with a microscope at 50-100x magnification. The wafer on
which no adhesive residue is confirmed is evaluated as O, and the wafer
on which adhesive residue is confirmed is evaluated as X.

[0065] (Examples 3 and 4)

25 Isstead of the semiconductor wafer prepared in Example 1,
semiconductor wafers having a porous circuil protection layer formed

on the patierned surface are provided. The porous circuit prolection

20



As a base film a 75 umthick polyethylene terephthalate (PET) filmis
provi ded. TAFIVIER P0275(r) (Mtsui Chemcals, Inc., density 20861 kg/ nB)
and Notio PN 3560 (Mtsui Chemicals, Inc.) are co-extruded onto the

pol yet hylraneid-ersepht hal at e fi I m I arri nati ng ther eon two | ayers of
co-extruded resin fo In this way a

;
sem cond@étbr® waf &t & éﬂerf éjt:e }b{r\‘ Oﬁt{é %’ﬁ}céfhbaé‘tap sw”obt ai ned. The t hi cknesses

o EEE It @antuctiar warer-darace ppoUsifrencuiter BRI 60 m and

3 um spectl vel y. [0056]3 Eval uati on of Sem conductor Wafer Surface
Pr ot ect dr‘r‘Sl’te‘eEt 118— 700 pmthi ck semi conductor wafers haV| ng

250 gmdi anet er ol d hal |. hunps d on t.he

provi ded Specrtﬁc%l 2 TRNG ‘§‘e|1n§é>6 ‘\%’fléf%rozt%iﬁgﬁgi/‘\ggdf[&%%’ for
Exanp 1 in which bunp-to-bu mte\ygd‘ z\fﬁ ot her  for
Exarrﬁl e Q0. ni-Athi &hP Ftﬁlr‘rbdt‘b"@éh ‘Pnit%{ Ff N 4% J‘Bi‘ﬁthﬁ/ FOGAhYE4% ape

| am nator (LINTEC RA[) 351 t he sem conduct or wafer surface rotection
sheet i< tkadhed ‘ibﬁt}h@%@ttiernw s Paee) o1 & HE @it EDhdBceB Wit er by
heat pressing under the fol Iovvr ng condltl on; wafer tabhl e&h‘? erature = 70C
rol | er t-dMferatdfe 2042000 ppbsdailey g ns (Bak o g neer PE A WAt E $oeed =

nm second. [00581 The sem conductor wafer is then | oaded on a back gri nder

(DI SCO DFEB560Rddafd ot e FHol!ipdtt er ned surface of the seniconductor wafer

is ground to a thickness of 300 kla Usi ng a tape rermver (RI NTEC
RAD3010)LU06Hd sé. éoﬁd|(1@£t]0rl'HQB\/\/a)ffer‘*t ‘%uﬁ‘aﬁé@br’dﬁeéﬁ%n dRastYi sipekl ed from

t he patterned surface of the sem conduct or. waf er at anbi ent tenperature.
10 (NIHON NOHYAKYU Co., Ltd., DEC) is dissolved in 150 mL of acefone,

after which this solution is added dropwise to the above-prepared
mixture solation of HBT, DMAc and triethylamine while keeping the
liquid temperature below 0C°. The solution is stirred for 2 hours at
-10C°, warmed to room temperature, and stirred for a further 1 hour.

15 After stirring, {risthylamine hydrochloride is filtered and the filtrate is
charged into 2L of water to yield a white precipitate, The precipitate
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.

20 (G068} 18.3 z (0.05 mol) of
bis{3-amino-4-hydroxyphenylihexafluoropropane (Bis-APAF, Central
Glass Co., Ltd.) is disselved in 200 mi of DMAc. To this solution is
added 24.6 g (0.05 mol) of HBT ester of DEC and reacted for 6 hours at
50C" to yield polyhydroxyamide in which Bis-APAF and DEC are joined

25 by an amide bond (polybenzooxazol precursor). This selution s
charged into 2L of water. A white polymer precipitate is collected by
filtration and washed with water. The polymer is dried in a 50C7
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[0060] In these steps, irregularity accommodation ability, peelability and
adhesi ve residue | evel of the sem conductor wafer sheet protection sheet,
and thickness uniformty across the wafer after grinding are 20eval uated as
descri bed'ibétowW=>-1006111) Irregularity Acconmodation Ability of

Sem con er.Su r, ot ., a m croscope
KEYENCE%LECCH%“; \ﬁgﬁtle);(ﬁe!éé 213’?1 gég @FM %% gg%?égﬁd‘lﬁitdérm%?ggs to which ltohe

sem con rowafer Onh,sheet is attached is observed at
50- 100xq%%tg()%| fi CL%%I?]H ”g ghgé%t%eggggté ofAv0| ds between irregularities on

the patterned surface. The gheet t hat k@arves void i gﬁal uated as ﬁ and
the sheet that T eaves 2H1S"no void i s éval uated as%} [ 0062] 2) Thi ckness

(M tut oyo 233 064 e B AR e Ee D5 PaLs: “@éw)“f"ﬂf?gyﬂﬁg‘ﬂg B et or

\Igaf erépggrg{;cgf dzlevgf e[? r‘rﬁ]as%e%glﬁns rrecg&’sugr%d é’f { él)?qntlcgza% HHZBC o0%
o 11na TRV, g wr b GRE aCHro of Rot g SR Raie st T s ivgfﬁit”egd
%Ze?ab?[‘a%éé@%nwaffr %&?ﬁ& 2 Bapd Remov dlS.:N‘E'S e[@cﬁ%‘t " Obval vat o
T om ¢ ne' pAPLLFREH SR AEE %?%ﬁf%ﬂgé“’%@*ﬁ&ﬁﬁﬁ{@%?er by 180°te tQGpQEF' =

testing. Measure

i sco THd SHeat dftiar “BAR Bet SHEEasLr ATy peey st ?eLv g@?@d‘ﬂag 0" “and the
shech Il Gannet Pe.pesied of SauAL.Bs.oSplly nesledt 3 evalyated os X
sem condyct or wafer, fromwhi ch 20dueirface protegtion sheef has bepn peel ed
bours at 40C". The solution is then cooled to room temperature,
triethylamine hydrochloride is filtered, and the filirate is charged into
31, of water to yield a vellow precipitate.  This precipitate is collected
15 by filtration, washed with 1% hydrochloride aqueous solution {1L} and
then with water (3L). The vellow precipitate is dried in a 50C
vacuum drier for 48 hours to yield photosensitizer A.

[0070] 3) Preparation of Photosensitive Polybenzooxazol Precursor

Solution
20 20 g of the above polyhydroxvamide powder, 4.6 g of the above
photosensitizer A, and 2.0 g of

4,4'-(1-(2-(4-hydroxyphenyl)-2-propyliphenylethylidene}bisphenol
(Tris-PA, Honshu Chemical Indsutry, Co., Ltd.) are dissolved in 60 mL
of v-butyrolactone (Mitsubishi Chemical Corporation). The resultant
25  solution is charged in a 100 mL-syringe and [iltrated through a 0.45 pm
pore diamefer polytetrafivoroethylene filter (Advantech Co., Lid.) fo

yield a photosensitive polybenzooxarzol precursor solution.

22



observeda m croscope at 50-10th nmagnification. The wafer or which no
adhesive residue is od is evaluated as 0, and the wafer on which adhesive
residue is confirmed is evaluated as X. [0065] (Exanples 3 and 4) 25Instead
of the samiicandtidtor waferd in Exanpl e sem conductor wafers having a porous

circult tLon_Iay r fo h att rned surface are provided. The
gorous &R¥@ bt 6L |8ﬁ}§g$%éﬁfi f“%ﬁg gliayer |s preparedrocedu re
escri bed bel 006 ynt hesi fPe droxy ben azol Free a
rsor) gg 6% Bgaﬁﬂ @gy xiﬂgﬁzoﬁrl b ‘NE ﬁASEI .

Lt d. s d I N, N-.di et h tyl et de (Wak P
e v sg‘.rmw iyl a%:% g {Yeke Purs
of trlethylanlne %gg 0 Pure Ch% dsutries

S0l ut i ol iBET oS Pe R Bnto Fbr i 3 et st hBiy LR PTG R et ner

10( NI_.RO NOHYAKU Co. td. , DEC |
( 5 hot plate bdk]ﬁé%g 8o, ) f—k?tegl‘;sesop{yiieghlaemg*, z;sr?ﬁpolf Ei%%egzgppéz

(DSW-8750, GCA), the entire surface of the wafer is exposed at a dose
of 3,000 J/em” through a mask with a pattern of 100 pm x 100 pm
square apertures, After exposuve, using the developing device of
Mark-7, the formed film is developed by puddie development for 90
10 seconds with 2.35% ietzamethyf ammonium hydroxide solution {(ELM-D,
Mitsubishi Gas Chemicals Co., Inc.). The developed polybenzooxazol
precursor fitm is 7.1 pm in thickness,
100721 The silicon wafer on which the polybenzooxazol precursor film
is formed is placed in an inert oven (INH-21C, Koyo Thermo Systems
15 Co., Lid.), and heated at 140C° for 30 minutes and, aifter raising
temperature to 380(?" over 1 hour, heated at 380C° for 1 hour. In this
way a poly bcm@oxa?ol resin film is obtained. 'The polybenzooxazol
resin film is then subjected to plasma treatment (reactive ion etching)
for 3 minutes using a reactive ion etching apparatus (RIE-10, SAMCO)
20 under the following condition: gas = CF4, gas flow rate = 30 scom,
pressure = 0.6 Torr, output = 280W. In this way a porous circuit
protection layer is obtajned,
[0073] 700 wm-thick semiconductor wafers having 250 pm-diameter
older ball bumps formed on the circuit pretection layer are provided.
25 Specifically, two semiconductor wafers are provided, one for Example 3
in which bump-to-bump interval is 250 pm, and the other for Exampic 4
in which bump-to-bump interval is 150 pum. Using the semiconductor
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after which this solution is added dropw se to the above- prepared

solution of HBT, DMAc and triethylam ne while keeping the liquid
tenperature bel ow OC. The solution is stirred for 2 hours at -10C', warned
to roomilgnp&rebute, and stirred for a further 1 hour. 15After

stirri s Xltﬁm qmgxfﬂ&%gh% &%l ) £ er.ed, Q@gfr;ct%e?xfdt!cEfjﬁE%hle}%%.sghar ged

into 21 wat er Ite preC|p|tate The precipitate is

col | ect & %Sb% | Lration And washed M4l aretong, RULLAG . hia Rreghpi tate 1s

. . PEe
dried in vacuum rler ours to yre ester of

20[ 0068] 18, 39( 0.0 £ i S(3: h |
(Bl s- Apkfgfb¢2§‘%fr ar B 4G ot 9@5‘3’?&? G BB "o "D o o

this so n%ﬂ:%? 6 g (0.05 rnol) of I|BT ester of DEC and reacted
for t eld polyhydroxyanlde in which Bis-APAE and DEC are

i o “gd 2.5by agAtago@fn?@{?@%m G Rs ket i LR o S T

charged into RWhi t'é i's colTect

Vil d pd )Ghéﬁﬁsﬁ%iﬁ%%é“% meﬁm*{fﬁﬁég 23%%?%“””% n 435l §ofi@%‘ﬂr >
onohu CHERT AT FRASGE Ty B Ly gy T4 ars ooV R 6B oHeEr 2%l o oxane
Sol ut 5%@%%’%%328@2%%%@(@az\%%mf#efssﬁal&iflﬁoﬁﬁa Rade dai'4i°88 Sul fony!

chl oride (NAC-5, T%%g 5 Ltd.) is added. To this solution is added
dr opwi sePB18" g5 (p BEYY

10 [0075] (Example 6}
A semiconductor wafer surface protection sheet is obtained in
the same manner as in Example 3 except that, as resin for resin layer B,
Notio PN3560 (Mitsui Chemicals, Inc.) is changed to Notio PNOG40
(Mitsui Chemicals, Inc.}. Bvaluations for the semiconductor wafer
surface protection sheet and a wafer after grinding are made in the same
manner as in Example 3.
100761 (Example 7)
A semiconductor wafer surface protection sheet is obtained in
the same manner as in Example 3 except that, as resin for resin layer B,
20 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 as in Example 3.
[0077] (Example 8)
25 A semiconductor wafer surface protection sheet is obtained in
the same manner as in Example 3 except that, as resin for resin fayer B,
Notio PN3560 (Mitsui Chemicals, Inc.} is changed to hydrogenated
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triethylal, 4-di oxane whil e keeping the tenperature bel ow 45C After
addition, the solution is stirred for 2 hours at 40C . The solution is then
cooled to roomtenperature, triethylauiine hydrochloride is filtered, and

t he f||ﬂ¥dﬁéq1§*dfnged into ovyield a yellom1preC|p|tate his precipitate is

col | ect }gﬂyb& ek %nxac!ﬂfec h95ide agueous; Sl YAl QR (i and hgn with

wat er (3) precipitate I’'s |na5Cvacuum rier for 48
hours t I 0 Pr r Rhotosensitive
Pol ybenssaazol PEeduroar  &hi L ori 2030 W%;f AR B Lt S h ATy ar i de

powder , . . Of . sensand A 7. Ogof
4,41-(1- fﬁ ‘(‘g) ?’ui }rng%}p e}r{}y%qu %FQ' ?pyl ) phenyl et hyl i dene) bi sphenol (Tri s- PA,

Honshu al ., Ltd.) are dissolved in 60 mL of
y-but yr o glgltg {ﬂ{ﬁqﬁﬁu{%%hl Chem cal Corporation) The resul tant 25sol ution

i s100 nl - syrlneanolf rated hrouha045p

pol yget rafl uo “teﬁff‘l(’gﬂguf’ff}t e“’rdfz3 i f&o‘*““i’/“ %%@g%‘@ﬁgl Ive

pol ybenz goxazol precursor. }ol g;;}lj 3 ﬁ% | }3 '89719@' atl of P%rous
Prot ect i'&fi LHyBAMANIer 2 ipFRETPTE 5 XGeRl HiEy 81981 W p&éwc ("Eﬁ* 4n Track

AT v st ion ey ol e e o el e
used as rvesin for resin laver B. Evaluations for the semiconductor
wafer surface protection sheet and a wafer after grinding are made in

10  the same manner as in Example 3.
[0079] (Exampie 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 (ADMER, Mitsui Chemicals, [nc.} is laminated onto a 75-pm thick

15 polyethylene terephthalate layer for use as a base layer. Evaluations
for the semiconductor wafer sarface protection sheet and a wafer afier
grinding are made in the same manner as in Example 3.

[0080] (Example 11)

A semiconductor wafer surface protection sheet is obtained in

20  the same manner as in Hxample 3 except that a 20 pm-thick
ethylene-vinyl acetate copolymer (EVA) layer is laminated onto a
75-um thick polyethylene terephthalate layer for use as a base layer.
Evaluations for the semiconductor wafer surface protection sheel and a
wafer after grinding are made in the same manner as in Example 3.

25  [0081] (Comparative Example 1)

A semiconductor wafer surface protection sheet is obtained in
the same manner as in Example 3 except that an ethylene-vinyl acetate

25



5 hot plate baking is 7.8 iw. After hot plate baking, using i-fine stepper
(DSW 8750, OCA), the entire surface of the wafer is exposed at a dose of
3,000 I|cn2 through a mask with a pattern of 100 pm x 100 nu) square
apertur ed'| N©ES-_xposure, using the devel oping device of Mark-7, the

forned fi evel,ape u viel, opment; st 0f, 90ic11Q -$650 @@ th
2. 35@6tef{ang§ﬁq ¢ kngn?ﬁﬁ¥h§6?gt?%g%so%u?f?nb( v ,MN|?SU%%SEI E%g

Chenmi cal g, _mm'ut% DMJH‘; d&velggp@@apphxpan%s%@xazd@lrt@t@waog fo Awgis 7.1
Emin th|c ness. The silicon wafer on which e pol ybenzooxazol

pr ecui Swfgg(gtm ' mtg&nﬁﬂ %P'a%eqc hile8h ':Jl%”w%‘f@f‘ e ttﬁ, g;tgmdﬁgylp Ther no

Syst ens heated at 140C for 30 m nutes an after raising

tenperatyrg to 1’380%’9’%? atjfe;;pQHr dﬂ ated tTh(§§8I Ciforsqlmhoy P;}an akhig way a

polybenzooxazo resin tal ed. enzooxazo resin filmrs

thengubheg#%q{ég pl asma treatnment (reactive ion etchlng) for utes using a

reactive’e cﬁlng apparatus (RlE-lO SAMCO) 20under the follow ng condition:
gas = . as Iom1r pressure = 0.6 Ton, output = 280W Tn

this wa%dgﬁg ro “@Wﬁéﬁlt @F | ayer i s obtained. 1 00731 700

r

Em thi ck sem ¢ P$EC§L%3{ ucE&r %vhlap\f' Q\gtf§§{o pq )tﬁ(gtl QHE‘aheé’eéSg eC| Ll?l%ld purrps

fornmed on the t pro éct’i on | ayer "ar‘e rOVId ical f t wo

o and Dics BPhGP 101" EAg R A oh wf‘?”h%xmmﬁbﬁe? i 191%?6%@%3“

t he sem.conductor, 21 1136- US P f rs thus epar
senicondﬁctgﬁﬁaeg b ogéétﬁbn sheef§”ﬁﬁ@5ﬁred ﬁ§§|QLH§é&€@gﬂﬁ ugFﬁ%hs are

for t he sem co ductor maf urface_ pr ion_she e wafers
aft gffﬁgf%b§r0%6 ?Elﬁﬁ& fc crattet ﬂﬁfgﬁﬁfﬂﬁ*aag%éPq&gféglsurface
protect on sheet 3“0 tag gd in the same manner as in Exanple 1 except that
the thi CRABLEY &F FesTH PHydt B is changed to 20 p.m Eval uations for the

senlcpn%E@ Q. ﬁ@i : sur&acaﬁﬁ£8t?c%50n_sheet and a wafer after grinding are
made in & dank- HERALH LS "Bi%~Y, pie 3. 10[0075] (Exanple

A semiconducior wafer surface protection sheet is oblained in
the same manner as in Comparative Example 2 except that vesin layer A

15 is changed to an ethylene-vinyl acetate copolymer (EVAFLEX EV4210,
DuPont-Mitsui Polychemicals, Co., Lid.) layer having a thickness of
480 pm, Evaluations for the semiconductor wafer surface profection
sheet and a wafer after grinding are made in the same manner as in
Example 3.

20 {0084] (Comparative Bxamples 4 and 5)

Semiconductor wafer surface protection sheets are obtained in
the same manner as in Example 3 except that, as resin uvsed for resin
layer B, N(}tﬁp PN3560 (Mitsui Chemicals, Inc.) is changed to a UV
curable adhesive prepared in  the procedure described below.

25  Evaluations for the semiconductor wafer surface protection sheets and
wafers after grinding are made in the same manner as in Example 3 for
Comparative Hxample 4 and in the same manner as in BExample 2 for
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A sem conduct or wafer surface protection sheet is obtained in the sane
manner as in Exanple 3 except that, as resin for resin |layer B, Noll
PN3560(M tsui Chemicals, Inc.) is changed to Noti o PNO040 (Mt sui
Chemi cal =11k mei)s.p Eval uations for the sem conductor wafer 15surface
protection sheet and a wafergrinding are made in the sane nmanner as in
Exanpl e SUMPOTEY ¢ (BHIPIe7) A semi conductor wafer surface
protection sheet is obtai ngd i.n the sane manner as in Exanple 3 except
that, asdsiin ferpirasion vagei By 2ER6Y 6" PN3560 (M tsui Chenmical's, tnc,)
is changed to Notio PN2060 (M tsui em cal's, _I_rjc.%.ﬁfv | uat j ons ‘I[ﬁr t he
sem conduct or AhaFér o8t e PriotEctilon? Slebt Pad & vidfér HFY&t °grithding are
made in the same manner_as in Exanple 3. [0077] (,?F;éa pl 25A semi go duct or
waf er suvBHEE prédtectd on=ath Y xgit diched iFn theVeafp! nafier s %P Exanpl e 3
except that, as resin for resin layer 13, Notio PN3560 (M tsui_Chem cals,
Inc. ¥ i sshangedn ¢ o thydr siemaredot 21y ¢ 36008l P19t e el it adi'6Re! 't ubber
(Evaluations for the sem conductor wafer surface protection sheet_and a
waf er afft@risgt RdCngrar erirdaee paltad ehfe Wabit kars & oA Bkanple’ . [0078]
(Exanpl e 9) A sem conductor wafer surface protection sheet is
obt ai nedwirgltthe fs amley mermséricad ni ihExaRpIcacs edcépt tMeaght a&ihs prlpared by
addi ng 5w % pol ypropylene (Pt') to Not'o PNSSGOHQMtsuaI S, Inc.) is used as
resin, flornaedpnrdayer Bipwmrdatiions (fdizione (SENY EdndBM &rEdRasf e (Sir f ace
protection sheet and a wafer after grindingnade in . _
Corporation) which is an initiator of 032 weight parts., Aflter the
i0 completion of reaction, the resulant solution is cooled, 100 weight parts
of xylene, 10 parts weight of acrylic acid and 0.3 weight paris of
tetradecyldimethylbenzylammonium chloride (Cation MZ2-100, NOF
Corporation} are added and reacted for 50 hours at 85C° with air
bubbling. Im this way an acrylic adhesive pelymer sclution (adhesive
15 main agent) is obtained.
(00861 Preparation of UV Carable 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 parts
of a mixture of dipentaerythritol hexaacrylate and dipentaerythritol
monohydroxypentaacrylate  (ARONIX M-400, Toagosei Chemical
Industry Co., Lid.) as monomers having a polymerizable carbon-carbon
double bond in the molecule, and 1.35 weight paris of an isocyanate
25  c¢rosslinking agent (OLESTER P49-75-5, Mitsul Toatsu Chemicals, Inc.)
{1 weight part as a thermal crosstinking agent} fo produce a UV curable

adhesive,
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10t he same manner as in Exanple 3. [0079] (Exanple 10) A sem conductor

waf er aprot ecti on sheet is obtained in the sanme manner as in Exatc pt that a
20 p.mthick polyole layer (ADMER, Mtsui Chemcals, Inc.) is |am nated
onto a 75rpmi4-hisck 15 pol yethyl ene terephthal ate | ayer for use as a base

| ayer, Evaluations for the sem conductor wafer surface protection sheet and
a waf er dftel! gFivAdi HEC aréShede® i AR €4 ‘r?aﬁﬁei”‘hé*’“i”h“ Ekahpt'é 3: [0080]
(Exanpl e 11) A semi conductor wafer surface protection sheetobtained in 20
the same*Harfier 18k 0P n" Bratiploé, C8MHKEAPY ¢t KA I20 pnit hi Ek° etfiyPehe- vi nyl
acetate copolymer (EVA) layer is lamnated onto a 75-pmthick pol yethyl ene
| e phthaT%?@?gayer for use as a base layer. Evaluations for e semr wafer
surface protection sheet and a afterwafer grinding are made in the sane
manner as in Exanple 3, 25[0081] (Conparative Exanple 1) A setd ctor wafer
surface protecton sheetobtained in the sane manner as in Exanple 3 except
that an ethyl ene-vinyl acetate 2.17.1.1130-U, ' copolynmer (EVA) |ayer .ccl
onto a 75-in thick polyethylene terephthalate |ayer for use as a base |ayer
and Hat resin layer 13 is not fornmed. Evaluations for the s n iconductor
waf er surface protection sheet and a wafer after grindingnade in the sane
manner as in



Exanpl e 3.

[0082] (Conparative Exanple 2)
surface protection sheet

A sem conduct or wafer
is obtained in the same nanner as in Exanple 3

except thaj--t-Ri-ekpess—et—+rest-n-hayer—Byi-s tro—+06—r—rmfval uati ons
for the seylcogdquéE§Mat§{ 103Lnf§ce eet and a wafer after
gri ndi ng|afe ngd%‘% ghe<saﬂ§;@aﬁmenﬁé%4~ [®083]> (Conpar at i ve
Exanpl e 3& A §En1%6ﬁdUCtormmafe otectlon shget is
obt ai ned pi-h thﬂgs;. A S A—Conpar r-e-2--exeeft-it hat resin
| ayer A L5 i s seh: g@d&taoapetg)leﬁe Vi copol yner i( EVAELEX
EV420, DyPpDt - BlESHZ Poliyeiwim eglsst Gl = £ havi ng&@cthi ckness of
480 um lEVaﬁ“uatf*!%ﬁ‘sﬁ&ﬁ: {heisem @oﬁ:dujct face protection sheet
and a af tel—gri-ndi-Rg-—at : ;#ﬂ_lr 56 pk-Exarphe- 3. 20[ 0084]
( Conpar at i eBmmﬂ b apd,iS); |. i 1 Co¥ r waf er surftace
prot ecti ¢lilEheet S wice cobtaimed 9lix £ie Hame Bponet, de i o Exampkyg 3 except
t hat, as{Fsin u%ed&%aﬁ Festin i e i B hbt o %N356C (M tsuii Chdni cal s,
|nC.) i's (‘1angf31 a n\/ r‘ilr :\h:| < WE-Tala / - 1.0 he. nr 66 dur e
descri bed bel ow. 2@@;&13@ 1S F ; le 5. | 085] Preparation
of Adhesi|$%#;Pol %E%{ﬁ ﬂ\ﬂmn;g@r’“ iR 1= parics of @iyl acryl ate,
40 parts|8{>2-ethyl gl GPﬁiat - Ve of ¥J 5 acyhate and 20
wei ght parls..of..gl.y Ldyl iopt: hnr‘r I E AN AYa YR Mt 80C in a
m xture golvent : of @@gMBI ht! par g 0 wei ght: of et hyl
acetate ifjthe J%eés%é‘;ef\o% @,18@:@@ bicHa az o) per aXi-de pol yne
ation i niftfat or ?NYIﬁE@@W A ichiis aniinitiator of
0,32 weighl p Abteriihe 1 rqu [.O; d.Lhe.resuliagt sol ution
i's cool ed, 100 we gﬂggﬁaﬁtgﬁoﬁ Ayl eue; ijght: of acriyllic acid and
0.3 wei ght; ,Eartg“%?’a& % et radecyd dilfeehyldgenzyh REMDREI U chh or i de «({Cati on
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[ 0086] Preparation of UV Curabl e Adhesive To the acrylic adhesive
pol ymer sol ution (adhesive nmain agent) is added, based on 100 wei ght parts
of the polymer solid of the acrylic adhesive, 2 weight parts of berizyl

di nret hyl ketal (1 RGACURE 651, 20 Nihon Ci ba-CGeigy K K ) as a cleavable
photoinitiator, 0.3 weight parts of a m xture of dipentaerythrito,l1
hexaacryl ate and di pentaerythritot nonohydroxypentaacryl ate (ARONLX M 400,
Toagosei Chemical Industry Co., Ltd.) as no..onmers having a polynerizable
car bon-car bon double bond in the nol ecule, and 1.35 weight parts of an

| socyanate 25 ere-slinking ageut (OLESTER P49-75-5, Mtsui Toatso
Chemcals, Inc.) (1 weight part as a thermal crossiinking agent) to produce
a W curable ad h es iv C. 2F11136-liti-P [0087] Evaluation results of Ittx
ITles 1 to 11 areTable 1, and evaluation results of Conparative Exanples t
to 5 are. given.in Table 2. 21;.1S-P [00S8JAs cahorn Tableii conwater
suit protection sheets of Exanples 1 to Ilcan well accommobdate irreguin the
patterned surface of the sem conductor wafers, as | as exhibit good
adhesi on and wafer grinding stability. Moreover, it can be seen that the

sem conductor wafer surface protection sheets of Exanples 1 to 11 have good
peelability fromthe patterned surface, particularly fromthe porous

circuit protecti-onfilifor-tt—gadsi-Agr-iit-ow-gf—the-adhestver~matefial into
t he pores| | epdi ng 5ouadh33|ve 5 o » : : ~ §4§
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10 residue. It can al so be seen that these sheets have good peelability
even when the bunp-to-bunp distance is short or when conplex circuits are
patterned. [0089] On the other hand, as can be seen from Table 2, the
sem conduetiops-wafier surface protection sheet of Conparative Exanple 15 1,
whi ch does not have resin |ayer 13, has good irregularity accommobdati on
ability and grinding stability; but has insufficient peelability. It can
al so be segen . that phe\senipo,ductp&}Xa{en_§ugfaqe,$rptectjpg sheet of
Conpar at i tExaftpl @ 2 POy h Has' 106 thi ek > F esF W T 5y8F B9 e85 46 usts to
surface irregulariaies and thus has | M/ZO,Lgregularihy acconnnqaiion
abi ity BAUCTAW grii'h8ihg Ot dbTATPiEs d8nonst Fafed” Fi~ Cormpal AVe" Exanpl e
3, it can be seen that the sem conductor y Eer surface protection sheet in
whi ch resiPeHAVI g & 66) BEUST of S§74%%Gr ohore S9N R G FEdrRS 8S
constituting resin layer A |less adjgsts_to surface irregularitiesl ow
i rregul avetlysaseBmrddR oA TaB 19T 250 She 9ot §F i Mtk s Bbi INTPIE A€o be seen
that the sem conductor wafer surface protection sheets'o.p rative annples
4 and 5, lvifier Be SERBIPAL dP ASEIEICOPIBE IRt AYERACR H%’“F“é’égﬁ tHER'S B 1 NI Pa,
gener at e adhesi ver esi due upon peelinq arid thus are | ess peel ahj a.
| ndust ri Br2mppts dabpl iy pooog A sevh!aBHuc te? mwdb &r P& bt ge SPFidtéct i on
sheet of the present invention has good adhesion togul aon the patterned
surface ofttEidattofralaf Bre MG U§o6H CPEeIPARIAG 1SN df ter Gl Al fGUSFt8 ther, a
sem conduct or wafer surface protection sheet of the present invention may
have good (peyephhitis taghesbng anpbiiéabristecthicoarayelerd1p8 Rt 1 HFEEY Si gns
List [0091] 10 Sem conductor wafer surface protection sheet .

10 residue. It can also be seen that these sheets have good peelability

even when the bump-to-bump distance is short or when complex circuits
are patterned.
[0G89] On the other hand, as can be secen from Table 2, the
semiconductor wafer surface protection sheet of Comparative Example
15 1, which does not have zresin layer B, has good Irregularity
accommodation ability and grinding stability, but has insufficient
peelability. It can also be seen that the semiconductor wafler surface
protection sheet of Comparative Example 2, which has too thick resin
fayer B, less adjusts to surface irregularities and thus has low
20 irregularity accommodation ability and low grinding stability. As
demonstrated in Comparative Bxample 3, it can be seen that the
semiconductor wafer surface protection sheet in which resin having
E(60)/E{25) of 0.1 or more is used for resin constituting resin layer A

tess adjusts to surface irregularities and thus has low irregularity

IR
L

accommodation ability and low grinding stability. It can alsc be seen
that 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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12 Base film 1514 Resin | ayer A 16Resin |ayer B 20 Sem conductor wafer 20A
Patterned surface 22C rcuit protection film 2024 Sol der bunp CLAI M5

Asem conduct orfaceprotection COs in g a base layer having a tensile
el asticizylaiﬁ(a QS@’ E(25), of 1 GPa O nore; a resine A that satisfies at-

Coreo) L 1SN BR) e a B EhaTe DR T A oD BBl G aIREL ] it yoat 25T and

EA(60) i's' ensif 8 el ast|C|t rangi ng from 0. 005 MPa
to 1 MPa; n 2 reS| n | ayer B bayl ng a tenS| le elasticity at 60C, ER(60),
of | 10NPZ '8P “rore and haying a thickness of 0,1 pmto |ess than 100 pm

t he EB( 60) being larger than the EA(60) of the esin |ayer A wherein
the resin layer A is disposed between the base |ayer and the resin | ayer B.

15C ai mﬁﬁgﬁ;ﬁﬂ“ %%rllﬂu%tgrsurface protection sheet

5 [0090] A semiconductor wafer surface protection sheet of the present
invention has good adhesion to trregularities on the patterned surface of
a semiconducior wafer, and good peelability after grinding. Further, a
semiconductor wafer surface protection sheet of the present invention
may have good peelability from a porous circuit protection layer.

16
Reference Signs List
[GO91]
10  Semiconductor wafer surface protection sheet
12 Base {ilm

15 14 Resin layer A
16 Resin layer B
20 Semiconductor wafer
20A  Patterned suorface
22 Circuit protection film

20 24  Solder bump
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according to claiml, wherein the resin layer B is disposed at an outernost
surface of the sem conductor wafer surface protection skeet. C aim 3The
sem conduct or wafer surface protection 20according to claim1, wherein the
resin | ayeri’A-germtains an ol efin copol ynmer, C aim4The scrniconductor wafer
surface protection sheet ac%gi[]. .to claim1l1, wherein the resin
| ayer A has a density of 800 25kg ' 890 kg/r 3 Claim5The senm conduct or

waf er face protection sheet 361US-P accordi,nthe resin_ | ayer B
cont ai nd B bast ore rddhi SanE ?ed ‘f"r‘:’ P t hi “??‘ "”““?“ hie!

Bup 'tonsis
pol yet hyl ene e| astorner and polystyrene elastorner. Caim 6The
sem condtct ot Sk 'er surface protection sheet accordi ng to cI al m 1, wherein

the base filmi | eas oneI sel ected from.t.he ting of a
pol yol efin fi |ﬁn{s>ﬂ%€ poY %}eEE‘éWPf? ﬁ*i“blﬁd@?a“b&?ﬁ}n& %}‘1 e‘$ in layer

and Qol yester layer. Cl aim 7The sem conductor wafer surface pr ot ection
sheet? addofflinvg to claim 1, wherei n t hi ckness tA of the resin layer Ais

| arger than a difference in | evel pat t rned ce.o conduct or
waf er, 150 ai .2 GA 18 hod BTd‘p"r‘ié{*eF&"h &F aeggme " épgr/vx%&@rﬁcbﬁ)m pr is in
g: a first step of attaching the sem conduct fer surfa
prot ect ivohe hdbt(28¢ cr @i MY E GlastrT vt 81 & pat t38rh éd\‘ié‘g\évaﬁcé b“fmt‘ﬁe

sem conduct or waf er at 40"C to 80 C under a_pressure of 0,3 MPa to 0.5 20
MPa; elasticily at 6G°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  MPa or more and having a thickness of §.1 pm to less than 100 um, the
Bp(60) being larger than the BEA(60) of the resin layer A,

wherein the resin layer 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

outermost surface of the semicondunctor wafer surface protection sheet.

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

copolyner.

Claim 4 The semiconductor wafer surface protection shect
according to claim I, wherein the resin layer A has a densily of 800

25 kg/m® to 890 kg,fm:;‘

Claim 5 The semiconductor wafer surface protection sheet
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a second stepg a non-patterned surface of the sem conductor wafer to which

the sem conduct or wafer surface protection sheetattached; a
third step of processing the non-patterned surface of the 25sem conduct or
waf er afirer | grifdi ng; and a fourth step of peeling the scm

i conduct or fer surface olection s he - 3 a The. method
accor di rfgfr‘“t’wzil it 82 fhdr ‘ffﬂtf”é Ot € &F ffe ”” ﬁ i"%j% Jm&’ﬁlé ﬁs(g]nﬁirgac(t(}nductor
waf er has a di fer ce or, I e 5 aim hoda 9,4 claim
8, wher eficﬁt”ne“& ﬁaﬂcf%? #ﬁfler“’fﬂﬁ tRaF 9 nefir estj - rgﬁggog%({}culﬁ
protecti on Ia er attached to the patterned surface 1OCI ai m 11The net hod
accor di iy ‘v’ B(fl“ﬁf’rﬁ 851G%elein the third step includes at |east one step
selected fromthe group consisting of netal sputtering step, plating step,
and heating step. CaimA nethod of manufacturing a sem conductor device
15conprising: a first step of at;tachi n tﬁhe se conductfr waf er_,surface
prot écti‘elitiBheet accordi FGMIGORE &F R L 61 & pa‘t W B Gred PEOHSAER seli®Ebnduct o
waf er at 40C to 80C under a pressure sglc_:ond step

.
of grindi%s§ aiHonopAaErndd ¥irfHee Br PH%C MR 69 2 M0 03

selecied from the group consisting of a polyolefin film, a polyester film,
and a laminate film of polyolefin laver and polyester layer,

10 Claim 7 The semiconductor wafer surface protection sheel
according to claim 1, wherein thickness tu of the resin layer A is larger
than a difference in level on a patterned surface of a semiconductor

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 claim 1 to a patterned surface of the
semiconductor wafer at 40°C to 80°C under a pressure of 0.3 MPa to 0.5

20 MPa;

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

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

25  semiconductor wafer after grinding; and
a fourth step of pecling the semiconductor wafer surface

protection sheet.



sem conductor wafer to which the sem conductor wafer surface protection
sheet is attached; a third step of processing the non-patterned
surface of the sem conductor wafer after grinding, and 25a fourth step of
peel i ng AHiel Bedt>donduct or waf er surface protection sheet. 2F1.1 ,qgh-U S-P
Cl ai m 13The met hod according to claim 12, wherein the patterned surface of
the sem conductor wafer has a difference in | evel of 200 un or higher.

5C aim 4The t hod.accor 19 cl.aim12,, wherein th r wafer
further]I u(ngs a 3?%&%“ hf}gc TIOR8t F T éyer“éitet?%cﬁeﬁ %9{!9 ﬁ&f)
patterned urfa nmet hod accord kng . to cl ein t he

third stdp ‘l((h g‘?ﬁﬁe%“‘é’tmlngi FMOPZI"ea &t é}ﬁqs%ldécte 5 5)% e é%o‘%’eéons. sting

of netal sputterin
or i?xgthm. g step, plating step, and heating step.

5
Claim 10 The method according to  <claim 8, wherein the
semiconductor wafer further includes a porous circuit protection layer
attached to the patterned surface.

1 Claim 11 The method according to claim §, 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 a semiconductor device

15 comprising:

a first step of attaching the semiconductor wafer surface
profection sheet according to claim 1 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;

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

a third step of processing the non-paticrned surface of the
semiconductor wafer after grinding; and

25 a fourth step of peeling the semiconductor wafer surface

protection sheet.



10

ZFLI306-US-P

Claim 13 The method according to clavm 12, wherein the patierned
surfuce of the semiconductor wafer has a difference in level of 200 um

or higher.

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

attached to the patterned surface.
Claim 15 The method according to claim 12, wherein the thivd step

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

sputtering step, plating step, and heating step.
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