METHOD AND APPARATUS FOR SEPARATI NG PROTECTI VE TAPE BACKGROUND OF THE

| NVENTI ON [0001] (1) Field of the Invention [ 0002] This invention
relates to a nethod and apparatus for separating a protective tape together
with a separating tape through joining the separating tape to the
protective tape joined to a surface of a sem conductor wafer (hereinafter
sinmply referred to as "wafer”) having a pattern forned thereon, and then 1
separating the separation tape. [0003] (2) Description of the Related Art

[ 0004] After conpletion of a pattern formn rocess [.ot lve ta [
joined to a SMEEH@IDA@MPAEATW@RW%ﬂpM%OEmgf@%ni forlron yI >
performed to the entire rear face of the wafer. Thereafter, the protective
tape is separated fromthe surface of the wafer, and then the wafer is

subj ected to a dicing process in which the wafer is divided into chips.

[ 0005] According to a nmetBadKGROUMND aF THE INYENTIOMEt i ve tape fromthe
surface of the wafer, the wafer is suction-held on a table while the

surface, to Wbt MSFRICSERL MRnfiePe is joined, of the wafer is directed
upwar d. Then\,MIa sép(afatl ng adhesive tape is joined to the protective tape

with a joini nﬁog‘#]g s in .Og_lflfe}aiés,totagﬁﬁg(?d‘.ym éb%a;aﬁgefo; Sephflided back and

fﬁgagghggi \\I/M.ett edge e ccor , thé protective tape joined to
Japanese mgﬁeg%‘?eptgﬁ%folggégl? ! ﬁﬁ %%eﬁa%%%%&%éi%%@htjgﬁl@{% @ﬁﬁreﬁfngttgﬁe Maher . See,
protective tape joined to a surface of a semiconductor wafer (hereinafier, simply referred
to as "wafer") having a pattern formed thereon, and then separating the separation tape.
[0003] (2) Description of the Related Art
[0004] After completion of a pattern forming process, a protective tape is joined
to a surface of a wafer, and a back grinding process is uniformly performed to the entire
rear face of the wafer. Thereafter, the protective tape is separated from the surface of
the wafer, and then the wafer is subjected to a dicing process in which the wafer is
divided into chips.
[0005] According to a method of separating the protective tape from the surface
of the wafer, the wafer is suction-held on a table while the surface, to which the
protective tape is joined, of the wafer is directed upward. Then, a separating adhesive
tape is joined to the protective tape with a joining roller. Thereafter, the adhesive tape is
folded back and separated with an edge member. Accordingly, the protective tape
joined to the adhesive tape is separated together from the surface of the wafer. See,
Japanese Patent Publication No. 2002-124494.
[0006] Recently, the wafer needs to be thinner in response to rapid advance in
application. The wafer needs to be thinned to have a thickness of 100 pm to 50 um,

sometimes to around 25um. Such a thin wafer having the protective tape joined to the



[ 0006] Recently, the wafer needs to be thinner in response to rapid advance
in application. The wafer needs to be thinned to have a thickness of 100m
to 50 m sonetines to around 25m Such a thin wafer having the protective
tape joined to the surface thereof is brittle and readily to bend, which

| eads to difficulty in handling. Accordingly, an annular projection is
formed remai ning at an outer periphery of the rear face of the wafer as to
surround a region where a back grinding is to be performed. Thus, the wafer

is reinforced. . . [.0007]., W t he prot.ectiye t {S.S ated fromthe
surface SP&?"??eth%f’@F b%‘%?ef eteﬁcﬁ}etf) bﬁn‘gé%ﬁgbtelaﬁsdtloncgﬁf&}lgg é%ggl%%ﬁ%'y t he

annul ar projection on the rear, face of the wafer is bro%ggt ir%to cont act
with t he AfsPElipgyaammaulanpiofecsor 1S AP eLrenaining ak 41 ouier REUPHS| AL P 158% ween
the holding table and the rear face of the wafer for realizing enhanced

i nt er nal farescfdhe wafernetosapaned p segiemphbetes Jagk gapding iy iedepesfoaBed-ve t ape
under this state while traveling and being pressed with the separating
menber, dis, the ivafalésdreldoiced.or separati on, whereby the protective tape
joined to the adhesive tape is separated fromthe surface of the wafer

t oget her wi t h [pb@7] arthasiherotonive tHacis Iqprdted fromahe sirfRe il ilxavifonsixface
2008- 34709. [ 0008] The conventional apparatus, however, has the

fol | owl ngaRF PBL&NrintNR prodess Wiy tHehBnSlaPAfoRdctiBN oh @RErehiSfab®bBE watertifie
protective tape, Tlogging may occur on a suction-holding Iine of the

hol di h gy . tarts,
sucti on b i SoRpaiORe HORK: kBlet BY g IRIE RRA T R ubRRe S rps "
When th i t havi d d ' )] [ d, th
Fensi on 1RALRE e SAAREREHIE R B se B ShACSIRE Nl Pt Rlthd dulaReSRRERN OF 112
t [ | ead floafi f . t.h f he hql dj ble while th
wafor 1 RSB, THE SeprRsmEhe oLty RO B VG erPREC IRV HE waf or nay
occur. This 1probl emnmay arise _in the apparatus discl os%g in fbot h pr.ior

arts. travelingasheingprsssed with the separaigarem b, idss feldeqback f9nsrpavdienpat ent

Publ i cation No, 2008-34709, the tension in the separation tape is
concent r atledelpnthe piaséatitve papetjpiond tf the ladhesive tape is separated from the surface of

the wafer together with the adhesive tape. See Japanese Patent Publication No.
2008-34709.

[0008] The conventional apparatus, however, has the following problem. That is,
when the separation tape is joined to the protective tape, clogging may occur on a
suction-holding line of the holding table at a position where joining of the separation tape
starts, or suction ability may be degraded or eliminated due to failure in a pump. When
the separation tape having degraded suction ability is separated, the tension in the
separation tape becomes higher than suction to a wafer. The tension may lead to
floating of the wafer from the holding table while the wafer is warped. As a result, poor
separation and fracture in the wafer may occur.  This problem may arise in the apparatus
disclosed in both prior arts.

[0009] Moreover, in the apparatus disclosed in Japanese Patent Publication No,

2008-34709, the tension in the separation tape is concentrated on a joint portion of the



annul ar projection on the rear face of the wafer and the thinned flat
surface inside thereof. As a result, another new problem may arise that a
crack is generated in the wafer fromthe joint portion. SUMVARY OF THE

| NVENTI ON [0010] This invention has been made regarding the state of
the art noted above, and its primary object is to provide a protective tape
separating nethod and protective tape separating apparatus that allows
separation of a protective tape froma surface of a wafer regardl ess of a

rear face shape of .t he wafer. 0011 hi.gs. in ' i SGi

met hod off"8 f)‘gﬁ’rﬁiqu%“ gn ﬁ%&?@cf??%%ﬁp%%@%rg%‘%ébe tign 8&, ggﬁ“@%ﬁ%@%@cﬁ%ﬁ@r. The
met hod i ncludes the steps of: suctian-holding a rear, face of tIh

sem conddtioiesylhrapthsynerppioklym mayaneibat %crlaglf Seprtdiy ﬁfea‘ﬁ"l‘ &t ﬁﬂ’&“ e second
hol di ng tabl e upward and downward so as to adjust a |level of the first
hol di ng tjeibt poréind t he second hol ding table, the first holding table
suction-holding at | east a separating start position of the protective tape
in an outer peripheral region of the rear face of the sem conductor wafer,
t he second holding table holding a m ddl e region of the sem conductor wafer
i nside of the outer peripherafUMMARY, OBTHE BUENMIIOYN t he protective tape
together with the separation tape fromthe sem conductor wafer while the

separ ati on t aggoje]iTEinkentonias ba&emade fdg_@rdmgmeetajtev& th@me noted absve,
sem conduct or wafer suction-held on the tirst holding table and the second

hol di ng tahle 1. t. j | Jd%nA! HApiber .
[0012] Al ineRE BER 10 e Bror@l et aplralhd Iheldd ol PRt ona

hol di ng table rel.ativel Ve r : e rear
face of tfRF SRBITEHIE W%%Sn@ﬁ%%lﬁgﬁgﬁ%@?&n%g%ﬁﬁ @g?‘% gyﬁﬁer?égg%aeen t he
outer peripheral region on_.the rear. face.of the wafer and the m ddl e region
i nsi de tﬁﬁf%Pgard{eS Otﬁfb’@%]cacﬁ apf’r‘i’gfhfn%%?r'the step of suction-hol ding the
rear face of the sem conductor wafer preferably includes the fqllow ng
steps: adj ust i[AgLHREhiy inventianadisrlonss & amtkodeipepiiating? BIRieoHyF Eﬁpﬁg"lpafmoe as to
have an identical surface |evel when suction-hol ding the sem conductor

waf er hawi seqiicondector wafes t Bhevnithnd indbeder thyrstensiofsushorbeldings wat facep)
performed uniformy; suction-holding an annular projection with the first
hol di ng ttadsenichiducmd wadrdly neviyg radatively 4 Aest holdatg thbledind g sceniddobding t he
second hol di ng tabl e upward and downward when suction-hol di ng the

sen condygg1e upWaidendiRvwnRard Sieas Adjuat a ivel efthé first heldhigrtabig and thehe out er
peri phery of ?he rear face thereof for surrounding a back grinding region;

and suct i ap; Gl ARG ubid, bt 5RORAIERE e SRECALIBMNAR leatk 8rakatiighii or Of the

annul ar projection-w the second hol ding tabl e having a contour adjacent

:)(r) e? gr ;B H)Z)%itivc\@lchf tl?ef pr%&gti\%nt%lé ﬁlrarPJLRér%%}ibﬂ&al I%ﬁﬁ)ﬁ ST feBUfaRE bPMe! S

semiconductor wafer, the second holding table holding a middle region of the

semiconductor wafer inside of the outer peripheral region; and separating the protective
tape together with the separation tape from the semiconductor wafer while the separation
tape joined to a surface of the protective tape on the semiconductor wafer suction-held on
the first holding table and the second holding table is separated through folding back with
a joining member.

[0012] According to this method, the first holding table and the second holding

table relatively move upward and downward. Consequently, the rear face of the water



[ 0014] According to this nethod, the wafer may accurately be suction-held
that is entirely flat on the rear face thereof and has the annul ar portion
on the outer periphery of the rear face of the wafer. Particularly, at

| east a separation starting position of the protective tape is

suction-hel d. Consequently, the wafer never floats up fromthe hol ding
table due to a tension in separation of the protective tape. Accordingly,
damages of the wafer nmay positively be avoi ded. [ 0015] Mbreover, in
this nmethod, it is nore preferable that a surface |evel of each first
hol di ng trady e sustion-heldd Hdeifﬁjthd%?F‘@eqnst{’%BT‘tﬁg?eéﬁ’h’fﬁg Be@ch'nno e{ﬁgcti ng
unevenness at the outer periphery on the rear face of the sem conductor
waf er wi trearefackedfahe mf@nddd@im@idilﬁrfég@éﬂ%@e thexfts with a controller.

[ 0016] According to this nmethod, even when the wafers having djfferent
shapes of the o3| Fadsstidves thobtepné ssuioptiodding thegowrfaeaefthg serpigprductor
separation position, the protective tape may successively be separated from

the surfaggrephrotdifblpaicidesiid PlibWngstepspatudtmgehsiict holfmgftablsandthe t he
second holding tables are automatically adjusted in accordance with the

shape of (N {&d 'n%@zﬁﬁe & totige WafREticdl Rughdidevela@s sugionchicdding then oper at or
may be suppresse n setting the surface levels of the first and the second

hol di ng t abl.es. . I i rotesk s ditiedler abl e to
cont r ol t??@lﬁngftoﬁwaf%g‘g%lﬁ aﬁgﬁlﬁ(%&gilﬁ e%ﬁgsld?ﬁ()dag&ekr% orm suct i oﬁ- hol di ng
i ndependent | y. ) 0018]. For..insta [Xel)iH & fornmed
on the sup¢firmsd Hmf?‘ﬂbyf ﬁurcb?n'ﬁﬂlglré%%lo%ﬁr%%’ﬁﬁ%%{o%l aqﬂ op e gi? éé[ h%@éﬁ%%tg t oget her

for every line along a direction_ of..joinng.the se ' t he
uct i on DereharenvanaOITEge Sta s Bl rSRRE iRt A e ']
for every line. [0019] According to this t hod,. an Pf t he suction
hol es sucdévenwirdivdentshetionekgldingdlae ssmicondugior g/,af%ﬁlpggg ﬂé"v‘@i{'@f LREPEERY | ne of
the first holding table that suction-holds the separating starting,. position
of the pramesiinyen tepmieqedpberyiofpussibiaee theresp Erapeouniass hath #9014 s

met hod may suppress poor separation of the protective tape that occurs in
separ at i opspfifn; EAEsRKiGheRIdiNea Hapsortioe fdrmep abmgsndntieonl diemetangf 818 t he rear
surface of the wafer in the conventional apparatus. [ 0020] This

i nvent i Oﬂaﬁﬂugaq ﬁb%&idﬁs‘ﬁﬁh aRPREGURLdiAE tbRPRdvaig agormoyTadiaeettitven e | oi ned
to a sem condu to]r waf er. The apparatus includes a first holding table, a

second hol dgg)?tﬁe%ﬁla{??ﬁ@oﬁgngug%lyﬁﬁ%ﬁﬁ%ﬁ@P@f&m separating nmechani sm

a tape col el ng sec driving nmechanism and a controller. The first
Ctating posi t1 ) AbpeddoBhis nfRld, AR PHRHHEY aBRl 8 e RASRRTIT | O"
regton on eﬁt?r%lyr f(laaat ronftflié: 1%5119 Ifacg %réso r]allg ﬁgsd %tagﬁul\a{\rﬁgo%oﬁgn R outer periphery of

the rear face of the wafer. Particularly, at least a separation starting position of the

protective tape is suction-held. Consequently, the wafer never floats up from the

holding table due to a tension in separation of the protective tape.  Accordingly,

damages of the wafer may positively be avoided.

[0015] Moreover, in this method, it is more preferable that a surface level of each

the first holding table and the second holding table is adjusted through detecting

unevenness at the outer periphery on the rear face of the semiconductor wafer with a

detector and using the detect results with a controller.



surround a back grinding region when the sem conductor wafer having the
annul ar projection is placed, or suction-holds at |east the outer

peri pheral region of the sem conductor wafer on the separation starting
position of the protective tape when the sem conductor wafer is placed
having the rear face to which a back grinding process is entirely performnmed
uni formy. The second hol ding table suction-holds a flat portion having a
contour adjacent to the internal wall of the annular projection and forned

as to conformto an internal_ diangter of the.annuyl a r0le6t i n the
serm conduct or 0% Aqsgtdingtorthis %%ﬁ?fﬁg?’elb}”hf%@lﬂi I aplflﬁlglg% ,reﬁa%%g‘%ég
suction-holds a mddle region of the sem conductor .Wafer..vm% th§ .

seni condwéthsrrearfies therof presuBPlipAMP APreiReli & {RPS Sopgrafipn position, the pratechy, | 5ne
supply mechani sm supplies the separation tape to a _surface of th

pr ot ect i tapetmmeswenessivelyseenicpaatid framm thesuefacesefithe Biafesarhiledhe surface ?er‘@las

hol di ng table and the second hol ding table. The tape separating nechani sm
separ at efilrefit aidahe savond hpklingoighleh erc anidnatically sdipstediin apgondapee with | e

fol ding back and separating the separation tape joined to the protective

tape on thesiEpabe MRt ofthewait Nindth@ards, ienorsndiesperaitiembape
collecting section collects the separated protective tape and the

separ at | gggl}é&%d énT t il Y SuTRE BRI SOF D Yiest aH@ IR cetichalding wde. t he first

hol di ng e an e second holding table. The controller controls suction

the second nolliP ] ipa P RUHEREER SRS cRblg BSohbithe BRk P RebA Pon the

t he second hol ing to I's configuration,
waf er na cur Feltag be suctio -hﬁlﬁ.re r%ln §of a rear face shape of the
waf er t hritQigne B1g \%PV?WUH op-figldjne Wiependeiliy. Second hol di ng tabl es
upward and downward. . [ 0022] Specificgally, both hol di.ng tall may
accur at el y sudO00HH-TinsieptanceHar s SP‘?t’r?é‘c}B’heStfﬂﬁn@%&’ﬁtslnbf%&ﬁrgﬁg‘gﬁ%%tn a
rear side thereof that noves on the wafer fromhe separation start

posi t i on anfl setrmddeptingtables arebreughtdpgathes farvery kingaleng & dirgiog, qsf PR e
suction-holds the separation starting position of the protective tape even
when a suhé separdtioneapef andihe sectinchobes| ¢ ceptrodliedl @s fooperfogmtsuginmbeldingg t he

m ddl e regi on of the wafer stops operation or reduces its suction upon
separ at i qad@fenddiftlytfopeverfingequent |y, even when a tension during separation
of the tape’is applied to the wafer, the wafer never floats up fromthe

first and the gpaesinscdhodiflh AOtHiAREMSd, any of thd £1R8S] hdles apvien-holiselc war annul ar
proj ection exists ‘on the Fear face of P’he waf er from which the protective

tape 1S 1Q.D6rAERAARTLss Bydrd oAk o® hetirst BRI OMaPHRLIBRILRE (RN 2

flat portioninsi s reinforced through suction-hol ding by the

second hol ding table. Accordi I str i fer due to
=t onsi oreepaatng Spuis rogRab 2 A proietie iRy BRSOV BRIt ol
Consequent |y, cracks. may. be suppressed that possi.hly occur .at the joint
Dot o ofoRaas iR T hes Y PERRTESs poot SRR R BPIEUEF Ve ke P8F cyor ng

configuration includes a detector for detecting unevenness on the outer
per i pher yoasfirstih gepagationfof tke protechuc %W&%Wéﬁ“’tw&f@&ﬁhng A8 theisph YIHAEE i s
configured as to distinguish a sem conductor wafer having a flat rear face
from a sesfthendfirtimthewahreentionsli apgaratusannul ar proj ection forned at the outer
peri phery on the rear face thereof in accordance with detection results,
and as to cont [pRORTEE et a6 tisolosésupphiatistfohsEpdiatigs b phitectamdageche second

hol ding table in accordance with the distinction result. Such configuration
i's preferaildtoasemiconductor wafer. The apparatus includes a first holding table, a second

holding table, a tape supply mechanism, a tape separating mechanism, a tape collecting

section, a driving mechanism, and a controller. The first holding table suction-holds at

least an annular projection on a separation stating position of the protective tape

remaining at an outer peripheral region on the rear face of the semiconductor wafer as to



[0025] According to this configuration, errors by an operator may be
suppressed in setting the surface levels of the first and the second
hol di ng tables. Mreover, the wafers having various rear faces in shape may
be successively processed. [0026] It is to be understood that both

t he foregoing general description and the follow ng detail ed description
are exenplary and explanatory and are intended to provide further

expl anation of the invention as clained. BRI EF DESCRI PTION OF THE DRAW NGS

[0027] The ac i ng. d ] : ich. i ncl A '
(nder st afaAGHER CERETHFETEPOR aifa (5 eineerelr AR e R B e o

part of this specification, illustrate enbodi nents of the jnvention, and

t oget her Pipjeetiantis pleed oF pegtion-hodds At lgagt 'S? FHier Heng;ﬁ@rag,r?g\gl? Bftg‘g of the
invention. [0028] Figure 1 is a perspective viewillustrating a
general cemidogducioi wafepon gwe@pw@ﬁlmesta@pg pegipan af the pretpphedaresw fding to
a first enbodinent. [0029] Figure 2 is a front viewillustrating the
gener al ceffdopttabi wafeofs pldved having thd reer fapt whighadetlogrindipaprcess inccor di ng
to the first enbodi nent. [0030] Figure 3 is a plan viewillustrating

the gene re%{ir&?ﬁéﬂf&ﬁfeatﬁhﬁﬁnﬂl& t tThe pécohe bbidves tablesustapalicids oflatymptomt us

according to the first enbodi nent.
having a contour adjacent to the internal wall of the annular projection and formed as to
conform to an internal diameter of the annular projection when the semiconductor wafer
having the annular projection is placed, and suction-holds a middle region of the
semiconductor wafer when the semiconductor wafer is placed having the entirely flat rear
face. The tape supply mechanism supplies the separation tape to a surface of the
protective tape on the semiconductor wafer suction-held on the first holding table and the
second holding table. The tape separating mechanism separates the protective tape
together with the separation tape while folding back and separating the separation tape
joined to the protective tape on the semiconductor wafer with a separation member. The
tape collecting section collects the separated protective tape and the separation tape.
The drive mechanism moves upward and downward the first holding table and the second
holding table. The controller controls suction and relative upward and downward
movement of the first holding table and the second holding table.

[0021] According to this configuration, the wafer may accurately be suction-held
regardless of a rear face shape of the wafer through relatively moving the first and the
second holding tables upward and downward.

[0022] Specifically, both holding tables may accurately suction-hold a separation

line of the separation member on a rear side thereof that moves on the wafer from the

separation start position of the separation tape. For instance, the first holding table



[0031] Figure 4 is a front viewillustrating a joining unit and a
separation unit. [0032] Figure 5is a front viewillustrating a support
structure of an edge nenber. [0033] Figure 6 is a perspective view
illustrating operations of main conponents upon tape separation.

[0034] Figure 7 is a partially-cutout perspective viewillustrating a front
face of a sem conductor wafer. [0035] Figure 8 is a perspective view
illustrating a rear face of the sem conductor wafer. [ 0036] Figure 9

LSO ke B FR T L B

hol ding tli%g lo? the second holding table for suction-holding the middle region of the wafer stops
operation or reduces its suction upon separation of the tape. Consequently, even when a
tension during separation of the tape is applied to the wafer, the wafer never floats up
from the first and the second holding tables.

[0023] Moreover, when an annular projection exists on the rear face of the wafer
from which the protective tape is to be separated, a joint portion of the annular projection
and a flat portion inside thereof is reinforced through suction-holding by the second
holding table. Accordingly, stress upon warping of the wafer due to a tension in the tape
separation is canceled by the reinforcement. Consequently, cracks may be suppressed
that possibly occur at the joint portion of the annular projection.

[0024] Morcover, the foregoing configuration includes a detector for detecting
unevenness on the outer periphery of the rear face of the semiconductor wafer. The
controller is configured as to distinguish a semiconductor wafer having a flat rear face
from a semiconductor wafer having an annular projection formed at the outer periphery
on the rear face thereof in accordance with detection results, and as to control a surface
level of the first holding table and the second holding table in accordance with the
distinction result. Such configuration is preferable.

[0025] According to this configuration, errors by an operator may be suppressed
in setting the surface levels of the first and the second holding tables. Moreover, the
wafers having various rear faces in shape may be successively processed.

[0026] It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory and are intended to provide

further explanation of the invention as claimed.



[0038] Figure 11 is a perspective viewillustrating a surface of the
sem conductor wafer. [0039] Figures 12 to 16 are front views each
illustrating a tape separating step in the first enbodi nent. [0040] Figure

17 is a perspective view illustrating a general configuration of protective
tape separation apparatus according to a second enbodi nent. [ 0041]
Figure 18 is a front viewillustrating the general configuration of the

protective tape separation apparatus according to the second enbodi nent.

BRIEF DESCRIPTION OF THE DRAWINGS

10027] The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention, and together with the description
serve to explain the principles of the invention.

[0028] Figure 1 is a perspective view illustrating a general configuration of
protective tape separation apparatus according to a first embodiment.

[0029] Figure 2 is a front view illustrating the general configuration of the
protective tape separation apparatus according to the first embodiment.

[0030] Figure 3 is a plan view illustrating the general configuration of the

| protective tape separation apparatus according to the first embodiment.

[0031] Figure 4 is a front view illustrating a joining unit and a separation unit.

[0032] Figure 5 is a front view illustrating a support structure of an edge member.

[0033] Figure 6 is a perspective view illustrating operations of main components
upon tape separation.

[0034] Figure 7 is a partially-cutout perspective view illustrating a front face of a
semiconductor wafer.

[0035] Figure 8 is a perspective view illustrating a rear face of the semiconductor
wafer.

[0036] Figure 9 is a partially-enlarged vertical sectional view illustrating the
semiconductor wafer.

[0037] Figure 10 is a vertical sectional view of a holding table.



[0042] Figure 19 is a plan viewillustrating the general configuration of
the protective tape separation apparatus according to the second
enbodi ment. [0043] Figure 20 is a front viewillustrating a

j oi ni ng/ separation unit according to the second enbodi nent. [0044] Figures
21 to 25 are front views each illustrating a tape separating step in the
second enbodi ment. [0045] Figure 26 is a plan view of an alignnment stage
-according to one nodification.

[0038] Figure 11 is a perspective view illustrating a surface of the semiconductor
wafer.

[0039] Figures 12 to 16 are front views each illustrating a tape separating step in
the first embodiment.

[0040] Figure 17 is a perspective view illustrating a general configuration of
protective tape separation apparatus according to a second embodiment.

[0041] Figure 18 is a front view illustrating the general configuration of the
protective tape separation apparatus according to the second embodiment.

10042] Figure 19 is a plan view illustrating the general configuration of the
protective tape separation apparatus according to the second embodiment.

[0043] Figure 20 is a front view illustrating a joining/separation unit according to
the second embodiment.

[0044] Figures 21 to 25 are front views each illustrating a tape separating step in
the second embodiment.

[0045] Figure 26 is a plan view of an alignment stage according to one
modification.

[0046] Figure 27 is a schematic plan view of a holding table according to the
modification.

[0047] Figure 28 is a partial sectional view of main components of the holding
table according to the modification.

[0048] Figures 29 and 30 are perspective views each illustrating a surface of the

holding table according to the modification.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



[0046] Figure 27 is a schematic plan view of a holding table accordin

the nodification. [0047] Figure 28 is a partial sectional view of maig
conmponents of the holding table according to the nodification. [0048]
Figures 29 and 30 are perspective views each illustrating a surface of the

hol di ng tabl e according to the nodification. DESCRI PT
oy 82 | ON OF THE PREFERRED

[0049] One embodiment of this invention is now to be described below with
reference to the drawings.

[bOSO] Figure 1 is a perspective view illustrating a general configuration of
apparatus for separating a protective tape from a semiconductor wafer as one example of
the apparatus executing the method according to this invention. Figure 2 is a front view
illustrating the general configuration of the apparatus. Figure 3 is a plan view
illustrating the general configuration of the apparatus.

[0051] The protective tape separation apparatus includes a wafer supply section 1,
a wafer transport mechanism 3, an alignment stage 4, a tape supply section 5, a holding
table 6, a tape joining unit 7, a tape separation unit 8, a tape collecting section 9, a wafer
collecting section 10, a unit driving section 11 are provided on a base 12. The wafer
supply section 1 includes a cassette C1 for housing wafers W, each of which has been
subjected to a back grinding process, in a stacked manner. The wafer transport
mechanism 3 is equipped with a robot arm 2. The alignment stage 4 performs alignment
on the wafer W. The tape supply section 5 supplies a separating adhesive tape T toward a
site where a separating process is performed. The holding table 6 suction-holds the
wafer W. The tape joining unit 7 joins the adhesive tape T to the wafer W on the
holding table 6. The tape separation unit 8 separates the joined adhesive tape T. The
tape collecting section 9 winds up and collects an adhesive tape Ts subjected to the
separating process. The wafer collecting section 10 includes a cassette C2 for housing
the wafers W, each of which has been subjected to the separating process, in a stacked
manner. The unit driving section 11 allows the tape joining unit 7 and the tape

separation unit 8 to independently reciprocate laterally.
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[ 0049] One enbodi ment of this invention is now to be described below with
reference to the draw ngs. [0050] Figure 1 is a perspective view
illustrating a general configuration of apparatus for separating a
protective tape froma sem conductor wafer as one exanple of the apparatus
executing the nethod according to this invention. Figure 2 is a front view
illustrating the general configuration of the apparatus. Figure 3 is a plan
view illustrating the general configuration of the apparatus. [ 0051]

The protective tape separatign apparatus .ipncludes a r ] ction 1,
a waf er transéw?%é‘ﬁgﬁf‘gﬁﬁa s &F?"é‘ﬁ’ﬁénpws"f 8%“%{5@%56%&@%%1 t§lgsecti on
5, a holding table 6, a tape joinin nit_7, tape separation unit 8, a
tape col kBgumens stageth g holding {Rhlleéra"%di{? @’@f‘irﬁﬁﬁg“é’egis {10pg 0 are aﬁP?SeﬂFP vi ng

section 11 are provided on a base 12. The wafer supply_ section 1 jncludes a
casset t e a@p $ide ofithe base] nafkhedany sugpbyrseetionh prchthg sapesolipctigeeiateld to a
back grinding process, in a stacked manner. The wafer _transBort mechani sm 3
i s equi pprchlaéddtut a froabsitlc af avéticalvealhl 3 whivhnis peowidgd uprightranghedopsideefrent on
the wafer W The tape supply section 5 supplies a separating adhesive tape
T towvar d fg $isk 82 WNER&joinifeNAit dtahd theepaation iisit perd diravied. toWhed duoipdinmg t abl e
6 suction-holds the wafer W The tape joining unit 7 joins the adhesive

tape Tt qther Wl fheWePibal H811MG! dTRYuAREHGING seckitn T1apeispevedrth repsidoi t 8
separates the ] ol neg adhesive tape T. The tape collecting section 9 w nds

up and cal.l,ects,. sive tape Ts subjected to the separating process.
The WafePfgbel‘fegé?%?hvgﬂggbti on 10 includes a cassette C2 for housing the

wafers W eac i ch has en _subj ect.ed j s, in a
st acked nannenp(?gﬁl\eaﬁ\ﬁﬁ’i’ et fp yr‘?ﬁdéoéic{ﬁ ntﬁiigsg?tﬁéo@}sﬁfﬁﬁgd%%g%s%%ﬁg unit 7
and the tape separation unit_8 to independent | .eGgi prqcate laterally.
[0052] Hddei s itlpstraledria Figwns By Vafg@c‘&ilBﬁ F‘Z‘E’Wﬁ?’?}iﬁwg? Q{eﬁrgﬁg olpt%ffrec hani sm 3,
the alignment stage 4, the holding table 6 and the fer collecti section
10 are dicepotie1avittoan apregitinte wirtied clageanee ynpder pistate W, %fesﬁtﬁb‘bgf*fﬁ‘%%‘@? on 5 and
the tape collecting section 10 are placed at a front side of a vertical

wal | 13 whiferWi ® whiok anleltravimlétghy cablelpgotedivestppreP bis joinsdpigdireated The
joining unit 7 and the separation unit 8 are directed toward an openi ng
formed bejpurd. heAyBlubirsted in/Eilghre B3 theTdassetinitablelt 4 is tnmabledtyi apriridylindemliSs posed
at a rear side of the vertical wall 13. [ 0053] The wafer supply

section Jsuggﬁlaw%rgm%&@oﬁgvgﬂiéﬁ@d on a cassette table 14. As illustrated
in Figure 7/, wafers Win a horizontal attitude are housed in the cassette

d wth an ap F{hg@%ﬂ{eﬁw%tﬁf %!J:pﬁg) segﬂi(ﬁ?ﬁ ARCEie WAdRte 82 PlREE MR Rete YIS ace of

each wafer W 1 I'C aviolet-ray curable protective tape PT is

14 1e 1 ur aoD Ty B POl st LT oo b o RiBRRR 2,01 ©

vari able. . [ 0054] The wafer sup ectio the cassetie. C2
pl aced orwish anaRupprate éiﬁ?‘&al\%@arWPer&%\r%ﬁ?ﬁ?sﬁﬁ? Eaﬁ’i]eta%elsﬁ?%gbg&%?\?é%frape is
separated are housed in the cassette C2 with an appropr|d . vert.ical
cl ear ancesylintlerd,7 Stllh]éﬂ@élééﬁﬁ‘%t@ntfhﬁle@ﬁi@’aﬂ%bl?-urﬁ%%ﬁ&?ﬁ%tjﬁr i B ltﬁ@er 17
such that a direction thereof is variable. Herein, the wafer Wis
i rradi at edithvialtfaviolétraysi befat beiaghobseddn heenssaieousiel thah thequotesiveiape O
such that the protective tape PT is reduced in adhesion.

PT is reduced in adhesion.

[0055] For instance, there are two types of wafers W to be processed. One wafer
W is flat since a back grinding process is performed uniformly throughout the rear face

thereof. The other wafer W has an annular projection remaining as to surround a back

grinding region.
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[ 0055] For instance, there are two types of wafers Wto be processed. One
wafer Wis flat since a back grinding process is perfornmed uniformy

t hroughout the rear face thereof. The other wafer Whas an annul ar
projection remaining as to surround a back grinding region. [ 0056]
As illustrated in Figures 7 to 9, the wafer Whaving the annul ar projection
formed on the rear face thereof is subjected to a back grinding process in
a state where the protective tape PT is joined to a surface having a
pattern fornmed thereon. A rear face_of the m?fer W.i s ground such that an
outer peri pherg03& Ax ilhsratechiaFigurgs dm the BafesyV hyns the qppian PRI )
direction. Mre specifically, a flat portion 38 is formed on the rear face
and an anpyhal omther&s ficenh@ofiie sehjecteditosnipck gEindinEdroqses I Y8¥ ™S he rear
face. [ 0057] For instance, the flat portion 38 has a depth portion d
ground t qn0a¥gechivé fhipe IPTHS foifkéd tMmitfate having epateagnformied thaewy HhaLeap

thi ckness t" of tens p.mat the ground region. The annul ar portion 39 forned

at the oyt er MeL LBRERY iORohitPscRdkat batated berfijiryiidghe drmeseragndarcabnul ar

rib for reinforcenent of"rigidity in the wafer W Accordingly, the annul ar
projection 39, may.su or b QPeciiikilyOr ARfdofedd IMisdornvedrgn the t he

waf er Wcﬂ!?PP%mﬁgHb"f%%a?gﬁ%ao heﬁ%&glgbesses? v [0058] As illustrated in
Figure 3, the robot arm 2 of. the .. J .ISﬁErl%'h rJffigdcad faye.nOVeES

f or war d/ Hﬁ@kﬁ%ﬁ?@%ﬂﬁiﬁé?ﬂ?’?&%&gﬁ%@@%}oﬁg tunabbl e. Tﬁlg robot arm2 has a
tip end provided with a suction holdin orti,o i D@RGve 1hus, the
robot arm 2 pun00§7]oliﬁr1&“%&@31%%&?%@%%?8@%@%@ dg%ré?;ﬁ\ on 1,ve§nd
supplies the pulled-out wafer Wto the align t st 4. Ther rm2
al so tr anthpiness of kevoral fandsads pem %@W?rdﬁgréﬁggeiﬁggﬁtew&?ﬁgﬂﬁ%%ngg tabl e
6. Moreover, the robot arm2 transports the processed wafer Wffr?lmthe

hol di ng tpioa. 6 The ahindanyadréon 39 firmed iahthesuster perphery on the rear facc of the

wafer serves as an annular rib for reinforcement of rigidity in the wafer W. Accordingly,
the annular projection 39 may suppress deformation due to deflection or warp of the
wafer W during handling and other processes.
[0058] As illustrated in Figure 3, the robot arm 2 of the transport mechanism 3
horizontally moves forward/backward and upward/downward, and is turnable. The
‘robot arm 2 has a tip end provided with a suction holding portion 2a in a U-shape. Thus,
the robot arm 2 pulls out a wafer W from the wafer supply section 1, and supplies the
pulied-out wafer W to the alignment stage 4. The robot arm 2 also transports the wafer
W from the alignment stage 4 to the holding table 6. Moreover, the robot arm 2
transports the processed wafer W from the holding table 6 to the wafer collecting section
10 where the processed wafers W are collected.
[0059] As illustrated in Figures 1 and 2, the tape supply section 5 guides the
adhesive tape T from an original tape roll TR toward the joining unit 7 and the separation
unit § through a position above the holding table 6. The adhesive tape T to be used

herein has a width smaller than a diameter of a wafer W.
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10 where the processed wafers Ware coll ect ed. [0059] As illustrated
in Figures 1 and 2, the tape supply section 5 guides the adhesive tape T
froman original tape roll TR toward the joining unit 7 and the separation
unit 8 through a position above the holding table 6. The adhesive tape T to
be used herein has a width smaller than a dianmeter of a wafer W

[0060] As illustrated in Figures 10 and 11, the holding table 6 is forned
of a first holding table 6a and a second hol ding table 6b. The first

hol ding table 6a has suction holes 40 fornmed on the surface thereof that

sucti on-hol d BRSO rmillusTaedindtigiren] Banbhl, thechaldiag table 6 ivformpdolmfist W The
second holding table 6b is accommpdated in the flat portion 38, and the

out er perhbhlisy tablef6atdnd afseadnddmiding tabBoh. s Eidj frsehmilding tabheta haseuctiedl | of the
annul ar projection 39. As illustrated in Figures 8 and 9, the second

hol di ng thelk @0G8rmhwisorste binGitehidress thdt sattidrieold dhid amelar pesjenifont39atn the
suction-hold a flat plane 38a of the wafer W The first holding table 6a

and the seqand JFohdiviR: $AD! EhBReHENAAERE t4PRS 68 isQiccsifimaaited e flat abl e.
[ 0061] Now referring again to Figure 10. The first holding table 6a is

connect edholfnse PR A6 ek ﬁaf@%ﬁgﬂoﬁt}n@,sﬁé RldABtoTRE HnePRidi 3¢ bal |

shaft. Forwar st eppi ng tor may cause the fist

40 ar o biBUHTEIE BSE AR el rﬂﬂ%ﬁ?ﬁf&ﬁ‘“ﬁl’%ﬁsﬁ% 036 Shnnd fRhRIEBLI0 o
first el bé?%@éﬁe&?é PRI SFSE thereo ?r?eéé%c"z‘ao%#ﬁ 2 Beba I e PabFe 6b i s
supported via a _piston rod 46a as to nove upward and downward whil e,

mai nt ai niMg ”ﬁhmﬁrsit holding) table Op end) the sappng holrélpg tablrefb arg cagibmsgtaber ¢e5aiiSye t he

pi ston rod 46a forward and backward. The second holding table 6b is biased
upwar d wichtickatabler i ng 47 provi ded around a central guide shaft. Two or nore
support pins 48 are arranged at equal intervals on a given circunference of
t he second hol[0id61y Nableferbing again to FIQBE6B). Thiee firscholdinghatileda klcoanectdt ought

t oget her bel ow the second holding table 6a to communicate with a second

external tyaguedP SRt 3:24&%:5& oF st Hohand g batt gl tHor@adfmekward
el ectromagnetic val ve )
rotation of the stepplng motor may cause the fist holding table 6a to move upward and
downward. Moreover, the suction holes 40 are brought together below the first holding
table 6a to communicate with a first external vacuum source 45a via a first channel 44a
with a first electromagnetic valve 43a.
[0062] The second holding table 6b is supported via a piston rod 46a as to move
upward and downward while maintaining a horizontal attitude.  An air cylinder 46
operates to move the piston rod 46a forward and backward. The second holding table
6b is biased upward with a spring 47 provided around a central guide shaft. Two or
more support pins 48 are arranged at equal intervals on a given circumference of the
second holding table 6b.
[0063] The suction holes 41 are brought together below the second holding table

6a to communicate with a second external vacuum source 45b via a second channel 44b

with a second electromagnetic valve 43b.
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[ 0064] The support pins 48 protrudes fromor retracts into the hol ding
surface of the second holding table 6b via an air cylinder 60. Moreover,
the tip of the support pin 48 is formed of an insulator, or is covered with
an insul ator. [0065] As illustrated in Figure 4, the tape joining
unit 7 has the follow ng configuration. That is, a novable table 22 is
supported so as to nove laterally along a rail 21, and is allowed to
reciprocate laterally and horizontally at a constant stroke through a feed
screw 23 that is driven by a notor in a forward/ backward direction.
Further, in t H8064diThesyppast piny 48 pﬁémﬁlﬁs/ﬁam@rtratm%s ipto the haldingpetacept h a
joining roller 25 novabl e vertlcally t hrough a swinging aim24. The joining
rol | er 2%hésesom hvlding thtde gbvia dueair eylindet @0  dViareevesy t %@ftlptdféh@/\ﬂtppﬁrtwn

[ 0066] The separation unit 8 noves a novable table 26, supported to nove
hor i zont a8liy foained of hinstlatdr, @lis caserédwitken frisalagdre hori zontally at a
constant stroke via a feed screw 27 that rotates backward and forward by a

notor M2. The (66 A il108 a6t fn Bgdreut fRMtapdjelnieesnit PRad the folalge table 26,
a gui de rrerrber 28 for tape separation, a guide roller 29, a feed roller 30

that is r ﬁ@%@%éﬁ %wlgfh 6%1 tameomalsh orted s& hato mév@HEH?éﬁh} RohDa Hie feed

rollﬁr the g e r ol 28 corresponds to the separation nenbe
in thi 0 F
gui de ?re'@Ee?ﬂ%‘«’iﬁow%tr%sa%%c?%]lsf?aﬂémhﬁ%hﬁ%n‘?ﬁwer goPaEiiodn { 02

gwderre toash d d.a wdth of t ui de
menbor | 2aoRscral ¢S iARvEH Oy dearioprHae r%%f%ﬁ@%f‘?}rewnwb?i&@%& I e
gui de rrenber 28 is flxedly connected to ,a rotational support shaift 32

t hrough dhejoiningunihActhe meypbledeble a2 1 qauipedsidroiniming rllke2ymoyadlfenber 28
is adjustable. The rotational support shaft 32 is rotatably supported at

t he frontvegicdly tfroughen swingivgarmai e The joiningaoler25 hes agydidaigenthan gn3s i s
fastened to and connected to a base end of the rotational support shaft
32. Furt hater diancterrndche wgfer ®d 37 is pivotally supported on and connected to
a free end of the operating arm 35, and is connected to an air cylinder 36

which is attaqiegs] tThelsbgardticiinics dRved a ildeablev:bid 26, sappdtedfo mbve rot ati onal
support shaft 32 is rotated through sw ngi ng of t he operating arm 35 in

o) 2 A Spo SRS, it ki 8l s o0
screw 27 that rotates backward and forward by a motor M2. The separation unit 8
further includes, on the movable table 26, a guide member 28 for tape separation, a guide
roller 29, a feed roller 30 that is rotatably driven, and a nip roller 31 that is opposite to the
feed roller 30. Here, the guide roller 28 corresponds to the separation member in this
invention.

[0067] As illustrated in Figures 5 and 6, the guide member 28 is formed into a
plate shape. Herein, a tip end of the guide member 28 is formed into a sharp edge, and a
width of the guide member 28 is larger than an outer diameter of the wafer W.
Moreover, the guide member 28 is fixedly connected to a rotational support shaft 32
through a slit 33 and a bolt 34 such that movement of the guide member 28 is adjustable.

The rotational support shaft 32 is rotatably supported at the front side of the movable

table 26. Moreover, an operating arm 35 is fastened to and connected to a base end of
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[0068] In addition, the connecting rod 37 extends fromthe free end of the
operating arm 35, and is screwed into and attached to a piston rod 36a of
the air cylinder 36. Consequently, by controlling a screwed anount of the
connecting rod 37, it is possible to adjust a sw nging angle of the
operating arm 35 when the piston rod 36a protrudes to its stroke end. In
other words, it is possible to optionally adjust an angle of the edge
menber 28 located in a lower |imt position. [ 0069] The protective

t ape separation apparatus according to this invention is configured as

above. Dﬁﬁ&f&tﬁf&nﬁﬁuﬁg&ﬂt sih@t T,V air@ikr, RICORREHAE ré D37 Repastaly igpbhed @i ot ective
tape PT joined to t surface of the wafer havi ng the annul ar projection

39 formed, on 1 0edi98h Hea%hd Bbﬁlre%g%ra‘%l% gr[fl 85 E4rfNE BorlRcfell §' P gir bylidder 16.

[ 0070] An operator selects a waf be processed fromtwo or nore types
of wafers Whavin i.ven outer. didensi i o] i A
controll p%%@l%‘f‘&?@l@%@%@ﬂ?ﬁ%ﬁ %ﬁggb&%t/aﬁ\l/ev?rbd t gqﬁaﬁgﬁlﬁh cﬂnng tabl e
6a and the second ho(JaTgi{n table 6b.in accgrdancg/ with i.rﬁ)ut gﬁéa. That is,
the secorfalha? i Roptedibrouehswinging af thg PR a1 §2 LA OHVEREY t han t hat
of the first holding table 6a such that the first, holdinqg%ﬁble 6a

suct i on- hotemenhef the aiicxkindsr 3p e c Wishthisrnsrationethe sigend sAge ofthe BUIdGat er W and
t he second hol ding table 6b suction-holds the flat plane 38a.

[0071] Cam¢mbdr 28méves @pward/dasytwardl di ng tabl es 6a, 6b is conpl eted, and
then a tip end of the robot arm2 is inserted into the cassette C in the
waf er supply g00668]dn additibh,tht cortreetingivdt3 7amatends sient theirekeehd of thegi ven waf er
Wfroma side of the protective tape PT, takes the wafer Wout of the

cassett e doeratiaPdrrh B8NGHASE ScrbRed é eiid Mdched foea pikiog ik 64 ofthagie cdlindEne
alignnment "stagé 4 perfornms alignnent on the wafer Wbased on the detection

resul ts ofy 2 URLERELAN o icbitroltHE B séiSwad BRbGR dahdBnbRiatvangeital an out er

peri phery of t ter perfornmance of the alignnent, the robot arm

goaﬁﬁi Rdfpc‘fa%%#’%ﬁz ?@J’Bﬁi&é@%@“&%ﬁﬁ °f’fhet@?6%@%%}"ﬂkﬁé PR ERRngeastae v er W
A [ , 49. . ] i
45 and ROGGE ShY Vs sot oty BEURE B bl ef st AEHR 2V Ve

43a, 43b. Here under this state, as_illustrated Figure 12, the second

hol di ng tthepégeapembenddaenied it lgwaE EBRRMEOPon to the flat portion 38 to
suction-hold the flat plane 38a with the suction holes 41. Sinultaneously,

t he suction hdl08e9]4Thegirotehiéve tape sepiatsition agparalys ac@sding & thiinkent@athe annul ar
projection 39. That is, the first holding table 6a and the second hol di ng

t abl e 6b qefifarehas dsdveon Desdrifitiog witlbeppivaberfiprgcesses for sepratimsSihevihen t he
wafer Wis transported to both holding tables 6a and 6b, the joining unit 7
and the spBREAV @ PTidind] @rthc hatakof thewafeaMinwinnhe hivouia;, projespeci? vel y,
whi ch are spaced away fromthe holding table 6 in a rearward direction.

formed on the rear face thereof with reference to Figures 12 to 16.

Ji

[0070] An operator selects a wafer W to be processed from two or more tybes of
wafers W having a given outer dimension via an operation panel. A controller 49
relatively moves upward and downward the first holding table 6a and the second holding
table 6b in accordance with input data. That is, the second holding table 6b is controlled
to have a level higher than that of the first holding table 6a such that the first holding
table 6a suction-holds the annular projection 39 on the rear face of the wafer W and the

second holding table 6b suction-holds the flat plane 38a.
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[0074] As illustrated in Figure 13, the joining roller 25 of the joining
unit 7 noves downward to a given joining level. Thereafter, the joining
unit 7 noves forward as a whole, and the joining roller 25 joins the
adhesive tape T to the surface of the protective tape PT while rolling on
the surface of the wafer W [0075] Herein, the wafer Wis deforned
by the second holding table 6b biased upward with the spring 47 so as to
slightly swell upward. The wafer Wis flattened by being pressed with the
joining roller 25 from above, so that the adhesive tape T is joined to the
surface of the[oprDt€sritiol én lespleofMbthihdltingdahless@ay 6H ieconapleted,cmdtteerf ofige of

t he press. [0076] As illustrated in Figure 14, upon conpletion of

j 0i ni ng thR FIREHbYCarkPPR iserfed Midithc Gxbdied®r inhe Ghfer beppigpaiohilon unit 8
protrudes to its stroke end, and the guide nmenber 28 noves downward to the

| over 11 rﬁi‘i}stﬂgé Ih%ﬂogﬂrrﬁ RIQUEN- RN Y bVen WafdN® RIS 5 3Idel 11 pRofetive tape PT] 0077]

As illustrate Igure 15, next, “the separation unit 8 noves forward.

Herein, t tip._e f ' ' Eh!ﬂg

adhesi ve epséh@wgée%ﬁﬁg#@ﬁ%@ﬁ%s?&g@ ’0 &t e%%ﬁ%‘é’%y %Og%ga ) gl%tgf\atgﬁe feed
roller 30, fegds out the adhesive tape T at ClLC erential ed
synchroni% egﬁfeoahénwm sfli@ges{;gegg)rglls aﬁ RnERtio Wﬁéeé %@S.eg,&&tgef 8%%@109, t he
adhesive tape T is folded by the tip end qQf the guide nenber. 28 in_a
reverse diesdisiangrdeigetion pie.Fnehasmpeteh g’m‘é’ﬁdn pRERCE &t A AU PEFR Wﬁgfhﬁeen t he
feed roller 30 and the nip roller 31 through the guide roller 29. As

i |1 ust r atwafei W. FiAftar gsrfornange o6thetaignments egehetsirme agapesuption-holds dheyi t h t he
protective tape PT integrated therewith, so that the protective tape PT is
separ at edcsutfacerof the wafierfSicamddfansfess thefsafer\W to both holdiog 8blesidachn, it is
desirable that the folding angle O of the adhesive tape T by the guide
nmenber 28 is S@U7AL TR lobbURmNHoves ddwnwardnpAecor@gty, tereentrplaf4dr abl y 100or
nore. Alternatively, the folding angle 0 of |ess than 90 (approximate to

900) may r%t gTRALSCAERRRE 1 11 tRORbAd VRSB @SISH, MdBGRBE bythand an
el asticity of the adhesive tape T, and a strength of the wafer W Moreover,

Lo A R L o gt e 2L

be smal | er _ icrty of eslive tape ases. "This setting
Ty be Per L otd Eelaing 116 B B STBORR fnth BlorRo@RhTo He At BoAtibhIR o

suction-hold the flat plane 38a with the suction holes 41.  Simultaneously, the suction

holes 40 of the first holding table 6a suction-hold the annular projection 39. That is, the
first holding table 6a and the second holding table 6b perform suction-holding
independently.

[0073] When the wafer W is transported to both holding tables 6a and 6b, the
joining unit 7 and the separation unit 8 are located in standby positions, respectively,
which are spaced away from the holding table 6 in a rearward direction.

[0074] As illustrated in Figure 13, the joining roller 25 of the joining unit 7
moves downward to a given joining level. Thereafter, the joining unit 7 moves forward
as a whole, and the joining roller 25 joins the adhesive tape T to the surface of the

protective tape PT while rolling on the surface of the wafer W.
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menber 28 in the lower limt position is adjusted by expansion/contraction
of the connecting rod 37. Herein, variations in |level of the guide nenber
28 in response to changing angl es of the guide nenber 28 nay be corrected

t hrough adj ustnment of an attachnent position of the guide nmenber 28 to the
rotational support shaft 32. [0079] A forward noving speed of the
gui de nenber 28 is nade sl ow when the guide nenber 28 passes on the end of
the wafer Wto start separation of the protective tape PT, and, thereafter,
such forward noving speed is nmade faster. Such configuration is preferable.
Thi s speed set[p)TR] H@&¥inagkivare Wik depadedby Riengewidtiotdiag eple Ghbiaseded rol | er
30 is rotatably driven with a driving device, not shown, through a slip

clutch t habardlhif thYspink@do@s tCaingg SGJieHQlBFVTaﬂI.qlﬂle WiTer wiig Paiterdddabyl eed

roller 30 feeds out the adhesive tapé T while applying a given tension to

B e e e s e

separ ation passes’ a e protective tape PT is

conpl etely se ate th uppor t..ni 48 onc r

Ther eaf £ db I RERFbEGPe RAFINEPIREIb D PR srs A Bt ORe (RURRHS: (ot e 6
to the wafer collectign section 10, and houses.the.wafer Wi.n the cassette
C2. On the ot I‘[Bp"'ﬂa’hﬁjﬁluf;% B Kighig Idarpory e??fboggﬂ’é?%ﬁe&ﬂﬁ?metta%ea‘?’et urn
to the respective standby positions and, also, the col|ection section 10
wi nds up theair eplindse 86 of the sgpavatignanit & potrmdessigrsstipke end; and Hogwids i ng
process. In addition, the joining roller 25 and the gui de nenber 28 nove
upwar d t anersberr28 rhaoves dowomiarg todhe bveon dilnit pesitian throsigh swinging ¢fithe y .

[ 0081] Thus, a series of the separating adhesive tape joining process and
t he prot egkiaiganfgsseparating process is conpleted. Then, the protective
tape separating apparatus is ready for reception of a subsequent substrate

[0082] Fi gur egod77it &s ARs@ASNin Fisthe! I52hext 2B 8épuiratfonl it S@BAEsAorgda _
protective tape froma sem conductor wafer according to a second enbodi nent

of this i%@i@f {P%?i(‘jp end of thd QE3heinBet 38 oGPPG dBaEsing Ak AIRGIVR tHRPRr at i ng

adhesi ve p a protective tape PT and separating the protective tape

T o RS S BB BRI DR e,
R TR RN SR M T R RS R
Accordingly, the adhesive tape T is folded by the tip end of the guide member 28 ina

reverse direction at a folding angle 9, and then is guided into between the feed roller 30
and the nip roller 31 through the guide roller 29.  As illustrated in Figures 6 and 15, then,
the adhesive tape T travels with the protective tape PT integrated therewith, so that the
protective tape PT is separated from the surface of the wafer W.

[0078] Herein, it is desirable that the folding angle 8 of the adhesive tape T by the
guide member 28 is set at a large angle, for example, 90°0r more, preferably 100°or more.
Alternatively, the folding angle © of less than 90° (approximate to 90°) may be
implemented depending on conditions such as a viscosity and an elasticity of the
adhesive tape T, and a strength of the wafer W. Moreover, it is desirable that the folding
angle 0 of the adhesive tape T is set to be smaller as the elasticity of the adhesive tape T

increases. This setting may be performed in such a manner that an angle of the guide
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[0084] As illustrated in Figure 20, a joining/separation unit 50 is
provided in place of the joining unit 7 and the separation unit 8 in the
first enmbodi nent. The tape joining/separation unit 50 has the foll ow ng
configuration. That is, a novable table 52 is supported on a pair of front
and rear rails 51 so as to slidably nove |aterally along the pair of rails
51, and is allowed to nove laterally and horizontally through a feed screw
53 that is driven by a notor M3 in a forward/ backward direction. The
novabl e table 52 is equi pped with a guide nenber 54 al so serving as a

joinin , j : B @ad; i tiskbyidri ven, and a
Jni p rolgl er{;; r&gg%g‘ﬁlgﬁ’te %Hﬂtnktgfofs glgﬁ If%éjlﬁﬁﬁh%%aﬁhﬁéﬁ/&%%&] g’he gui de

mber 54 is f. intg_a. plate. | naa L . d
renber S4onaetBRRg | i QeBENAIAioRGRERvel A QigfpBerRlubleondhSe & EF 54

is larger than an out di amet er, of .t he ,waf er I aOVear e i de nenber
54 is fixbangng aprietetihe gy 8@%‘#’&%@ Ay b&ﬁ&&?& %}I\H/g‘f‘%eh %‘@“ﬁ—“é‘t%gttoab y |
supported at a front side of the vabl e tabl e, 521 such that

f or war d/ rastachimens pesisipe pbtheravideapemper 284p fiag tofational support SI[‘%b%%] Mbr eover, an
operating arm59 is fastened to and connected to a_base end of the
rotational suplpo79] A lferiardgovingsperstof the gyide memben?8 isTadideWMheg the m 59 i s
connected to an air cylinder 61 that is attached to the front side of the
novabl e t@hdembRberTitepassdsatnithe and sithp wraferSHaé staBBeparation oftheiprotactigh

SW nging the operating arm59 in association with expansion/contraction of
the air ocyhd pemdSthereA&O5EbhTatward blwidg speedit midetthsteguiStieh penfigerativg moves
upwar d/ downward. [ 0087] Next, description will be given of basic

processes; I arhAGpbdifscRifRi@e) hitfevedRBariREd ikl effitidiog. SThé feeé of the
waf er W\?\nls%efgfgpgr e?@% Po Fi guﬂrgtesﬁzl to 25. In the sgcond enbodi nment ,

Chose | n EHE 30 fafrallBh i tanfinl Fhlvp deiRe 10 e WOLE F it Sulchimel o7 1°

nme erefore, ‘description w be gi ven of

operations after. the waf.er Wis held.gn t | i [ 0088]
First, as‘ﬁiqsltbﬂé‘th%F{]@ifeF%n%Fd’ﬁPZorﬂ'f' t ﬂ?égl%é&%ofgé{%ge??é %eg%%TtéP%g tabl e 6a
and the second holding table 6b is a%l usteﬁ%i n ac.cordaplce with a rear face
shape of adhesixgiape TWHIEAPDIENE 8 ivepdensian e MReFINE 1S s ect i on.

[0089] Next, as illustrated in Figure 22, the suction_holes 40 of the first
hol di ng tabl e [B888LAs illustrated dn FigaraaHh oThen the spareiipp AL Pgsses ARPYEAES f ace of
t he wafer, whereas the suction holes 41 of the second hol ding table 6b

suct i on- h@hfér Whend thatpraibative tg8P T Iscadiphgelyfscparatedethe suppeBpinfotdones| di ng

tabl es 6a and 6b is conpleted, and then the joining/separation unit 50
moves f or yeshGipttRe ¥aRPW.! | Theredfay,ahé fuboraie? tdvspivts ¢hespafer W frainlths t he

j oi ning/ separation unit 50 noves forward such that the tip end of the guide

menber 5411618%;%% 8t lEHeVWﬁer SficBliorbRAE6E 1@\ HoMsea Thewpfed WV irathe calissitance

froma circunterential end of the wafer Won a standby position side. At

f

this poing, t | QIR G hink" -rmh&%'&a'oatﬁlﬁ@ fRflto Mad the guide

menber 54bi2's g It@%%ggﬂédnﬁbd@gjmt to a I(%Jwer1 limt Sosi tion through

operation of the operati arm. 59. il Siqtdg: 1 ke MEMDET

54 comes TeﬁP??t“é’Sﬁ y?/ﬂsfn‘ﬁmﬁ agn{irr %’c@%ﬁgh‘ﬁg&%‘gﬁl@ef@ﬁr 5% )ah{i‘)ﬁ Olfgﬁ*e adhesi ve
T h h hesi | T . f

tp?g»? ec',[i Sglndheawt' g?@%_rT%Ss?ﬂ?jsectted (‘?o 2 gep%;‘sa{tl\xllg ptrc:(;Jl egs. Ifall%g(lil%(s)atn, tﬁe jsoli'rrnn‘%%c?lle?f%tagg

the guide member 28 move upward to return to the ori ginal standby positions,

respectively.
[0081] Thus, a scries of the separating adhesive tape joining process and the
protective tape separating process is completed. Then, the protective tape separating

apparatus is ready for reception of a subsequent substrate.
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[0090] As illustrated in Figure 23, when the guide nenber 54 noves
downward, the joining/separation unit 50 noves rearward to its standby
position. That is, the tip end of the guide nenber 54 joins the adhesive
tape T to the surface of the protective tape PT while pressing the adhesive
tape T against the protective tape PT. [0091] As illustrated in Figure
24, when the tip end of the guide nenber 54 reaches the circunferential end
of the wafer W the joining/separation unit 50 noves forward in a reverse
direction. Herein, the tip end of the guide nmenber 54 noves while pressing

the adhesive gagﬁ}ig&eé 3o 39\6ach lldsaeR a‘%gl_ﬂaﬂﬁ f@f%%ﬁ%%/epmaﬂiveﬁpeand the

feed roller 5 s up the adhesive tapé at a circunferential speed

synchroni oei‘ﬁ()j stgm%cggd&?(%/ﬂ vpzﬁ"elgzﬁ:%gﬁi totam%c%wé%{éb 4 fof s ifenfiGgcr i bed

above, t ni'ng o he“adhesi ve t ape e separation of the
adhesi ve tape erfo d sinultaneogusl [ { Lve tape
PT joined to a[ﬁ?jg]ﬁf‘glb‘? S?Iéggweflh?lﬁggaadﬁggﬁaé%g \é\éah%gﬁ}%){?pse Iﬁgtggara@ gfeg%{/%/r omt he
surface of the wafer Wtaqgether with adhesi ve e .T. 0092] As
i |1 ustratteee Fhamd ﬁP%Pgm@IPWF%Y%@P%EE%"&? B’Sﬁva&?ﬁ ‘%’aﬁﬁmﬂﬁg@%@ﬁw t he waf er
Wand the protective tape PT is_conpl etely separated 0 he surface of

from
t he waf erpevoriedr dtifeathe basieconfigyration s sintilag isthat efdhe pkovgdiel: W from t he
holding table 6 to the wafer collection section 9 to house the wafer Win
- the casseanit®diRentGhe siree ptelbersaddlenadids gsoinihafiyss ephedimieatarain be 50 noves
backward to return to its original standby position. Mreover, the tape

col | ect i Qens®a twitith sahiismeralsand diffetent tanfigneatiad et beadesarjied Bs usddyj ect ed
to the separating process. In addition, the guide nenber 54 noves upward to

return to its @og4] AdstA88RYFiEGS A0, @foining/separk @Ot FMsprodd&Eini es of the
protective tape separating processes iS conpleted. Then, the protective

t ape sep i [ ' fenthodHRSRIUTHS tanaf er .
L0094] Agg%%ef%@ﬁgﬁlﬁgﬁeﬁf%rag%glﬁﬁgygég%@fgma%garﬁfﬁt us, the first g ol di ng

Dl o G Gt S ALY oL ol o P B oY
PR RIS RN A NPT R RN T
g? gzﬁq Iute %aliy of rii?ses lr, ?ag(rl is]c eﬁll%%ve?ifto Enb)%e \fa@cgrglrly gnag hgr?zoilfla?fyi %11 3 la?ee\ﬁi stcxhew 53
that is driven by a motor M3 in a forward/backward direction. The movable table 52 is
equipped with a guide member 54 also serving as a joining member, a guide roller 55, a
feed roller 56 rotatably driven, and a nip roller 57 opposite to the feed roller 56.
[0085] The guide member 54 is formed into a plate shape. Herein, a tip end of
the guide member 54 is formed into a sharp edge, and a width of the guide member 54 is
larger than an outer diameter of the wafer W. Moreover, the guide member 54 is fixedly
connected to a rotational support shaft 58 rotatably supported at a front side of the
movable table 52 such that a forward/rearward position thereof is adjustable.
[0086] Moreover, an operating arm 59 is fastened to and connected to a base end
of the rotational support shaft 58. Further, a free end of the operating arm 59 is

connected to an air cylinder 61 that is attached to the front side of the movable table 52.

The rotational support shaft 58 is rotated through swinging the operating arm 59 in
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[0095] As a result, separation stress concentrating at a joining portion of
the annul ar projection 39 and the flat plane 38a upon separating the
protective tape PT fromthe surface of the wafer Wis to be cancel ed by

rei nforcenent through suction-holding of the second hol ding table 6b.
Consequently, cracks may be suppressed that possibly occur at the joint
portion. [ 0096] Mbreover, the first holding table 6a and the second
hol ding table 6b are controlled as to perform suction-hol di ng

i ndependently. Accordingly, the follow ng problem may be overcone. That is,
even me%ss%ug&ibﬂ Qi UxpSnsich/ER6Esh StiBe hip cGHREIENY Atcdripgblitheitirendol es 41

in the second holding table 6b or suctionis elimnated due to failure of

t he seco%g{%ﬁ]tiu%?@g&%q‘ ABPas %géjh{;‘aﬁwggl_ ding tabl e 6a nay suction-hold

t he separ I'Ng position e protective tape PT with accuracy.

Co tly, i ied.to the tion of th
orotective gl N REEPROADR FES I drif Rl HERRaBPRLE, 7" oot o
That is b tion of the first holding tahle 6a i thap th

{ensi on. BROICENRARPSICE 0ot Aot pf B8 VSTt e da SRR $rm 1 ne

surface of the wafer Ww th accuracy while poor par.at i I S, suppressed.
[0097] THR the sevenst erabpdimgntpepesesinng vl %af%f‘)h’ b‘%@? on the hOf‘ﬁ@@@Pfe(%el n each
of the foregoing enbodi nents, the follow ng configuration nmay be adopt ed.
That is, ifdmicalearthdsadrethsagtemtfodihentwalberefare,slesirption gill beeiven of
automatically, and the first holding table 6a and the second hol ding table
6b nove ropkatibyeafier tpvwafdr Whid idhlene doldidetbleye. t he surface | evel of the
hol ding table 6 is automatically adj usted. [ 0099] For instance, as

ilTustrated i nodseyuiRt, 48 illuieRddn nglheéwzi,sha@maiqub i3t heldingeatdei6d heh pad 18
of the alignnment stage 4 suction-holds the rear face of the wafer Wat the

center thet eobn #RGdh ]Eti'c%lﬁﬁbtié"fdriﬁ@é@irn 2WorBatteSPtRg REE Mce SRRV thdwhfef adi at es

n .
t he outer perlp(ﬁery g e reaf face wth light and receives reflection

l'ight fr e rear f.ace. The. .0l | er 49 distingui shes whether the
annul ar 3’?&’{’%}&3 ﬁ’t‘?dsb)?@?%%%%@?%é%'ut er periphery on the rear face of the
wafer Win accQrdance with variations | mount of . |i,ght-.receiyv el ative
to the armount L9891 , aéd{l]%%:eéidi_l Figure bﬂt IR on Aotes 480 eSS ho%lmé

table 6a suction-hold the annular projection 39 on the rear face of the wafer, whereas the

suction holes 41 of the second holding table 6b suction-hold the fiat plane 38a. Loading
of the wafer W on both holding tables 6a and 6b is completed, and then the
joining/separation unit 50 moves forward to a position above the wafer W. More
specifically, the joining/separation unit 50 moves forward such that the tip end of the
guide member 54 reaches a forward point spaced away by an appropriate distance from a
circumferential end of the wafer W on a standby position side. ~ At this point, the air
cylinder 61 protrudes to its siroke end, and the guide member 54 is allowed to move
downward to a lower limit position through operation of the operating arm 59. That is,
the tip end of the guide member 54 comes into contact with a surface (non-adhesive
surface) of the adhesive tape T, and then presses the adhesive tape T against a surface of

the protective tape PT.
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[ 0100] Moreover, in another enbodinent as illustrated in Figure 27, a |ight
sensor including a light emtter 64a and a |ight detector 64b facing to
each other may be provided across the first holding table 6a. In other
words, the light emtter 64a is |located forward of the joining unit 7. The
| ight detector 64b is located in a recess of an outer franme 66 provi ded at
the outer periphery of the holding table 6. The recess is set to have a
depth for allowing the |ight detector 64b to be received with no

di sturbance of novenent of the joining unit 7. In addition, the recess has
a rail along i ' : %ﬁ@t r | hy i ves downwbRIL01] An
irradiation ang?%ﬁd%ﬂﬁﬁgﬁ?&%gb thggi?gﬁ?ﬂgﬁ?gkgg&%%gqﬁﬁgea | i ght reciving
position of.the |ight. det ) opf,al.e i N

accor dané@e W“Pﬂg/l £ arllé’gﬁln?[;?gﬁ%‘%gg%a?%% dtstﬁgts\t/s\;/a&fﬁeiw é\?%ﬁ' Fﬂr?is? ?gsh{él\eé,ﬂpas in the
case of th fer .Whavin | anar..rear fa n_apal f |

o ttor 643 Ohis BdRUPEpBro-G R 19HStie (op dap S AR LRl b Eeble Yo,

light emtted to the outer periphery regjon fram one %nd towards the ot her
end t her & while piessingthg adhesivectari(T aggipstiheriotci¥e 88 Pl ght is received with
the light detector 64b provided obliquely dowward the reflected light. As
in the case of[009%d AwitlustrapechinAigeret2dewhemthedir epd@if tha guide momber e rear
face thereof, an angle of the light emtter 64a and a position of the |ight
det ect or réatheathe chetmfuedttial bt oftht walfdr JWithe gfiniogisephrasipntunit Srmavesr
projection 39 may be received when light is emtted across the flat plane
38a and tfheyanMh sdveedirecidon Hfdein, the tip eh@bO e ghide manberdi4 movesSvhile

di stingui shes the rear face shape of the wafer Wthrough conpari son of an

amount  of G | e Hatlek 9B tapRbE AlNRE tHeAEE L tthe plotdbive ek} id Bélfesdnd a

referencé’ nt of recerved Tight determ ned from experinents or

St 2t 90 MinkS B Be e VElBE 1 hRHLAARKARLPARM Sinchf Bl AR B 89 and

(8}
t he wafer havi anar rea ace. e conttoller 49 controls a

surface | evel of the first holdi table 6 g tabl e 6b
i n accor daNEEs Wi’eteh 0? e gidg fgg?li‘- r ?Esu qsg&e%%%o%&%{ﬁ&?ﬁ?g@k%ngggtﬁ of the
f oregoi ng enbodi nents, the otectjve tape PT |.so. be separated from
the surf daee band fe Spprraionglihe Passe Faper 15 oeriamed SPYIERRIN %Y back
gri ndi ng Erocess. Herein, the first holding table 6a has a surf%fﬁ | evel

i dent i calthe protéssive tape®Rd jRirieditmand mkrsaatedh wi wlhgsive tape T 18 seettet HEM abl e
6a suction-holds the outer peripheral region of the rear face, and the
second hahébnfhceal e wifesWetbgethertwitll thetddbesteatape Tr egi on of the rear face.
[0104] (3) In each of the foregoing enbodi nents, the first holding table 6a
made from net 40092] LeNREirged & Figi 23, lecoindhg/sepasditiou @it 50gmssek by sherasfed i n
Figure 28, the surface of the first holding table 6a may be covered with a

porous el wSiiiiGhdpdYechive tape PT is bOhPRIcly6paréd foth @hd firface offhieguatatwon, the
waf er Whas a bevel at tﬁe outer periphery thereof, and tends to curve

convexl y'Th%?%?l%g YDt arh{‘gtrglgsﬂyghis RS RREHRh SRRt AE B tdedpfrey Med due

to pressure frormsuction reto the curved surface. Thus, |eak during

suction béé)llteci:}(leorfc sieg:t%n 5‘ ?ol l%ursl:g tﬁea\nt?zll €r @)amr{ﬁé( cegget%@?.r €55 Bft other hand, the

joining/separation unit 50 moves backward to return fo its original standby position.

Moreover, the tape collection section 9 winds up and collects the adhesive tape Ts
subjected to the separating process. In addition, the guide member 54 moves upward to
return to its original standby position.

[0093] Thus, a series of the protective tape separating processes is completed.
Then, the protective tape separation apparatus is ready for reception of a subsequent

wafer.
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[0106] (4) In each of the foregoing enbodi nents, as illustrated in Figures
29 and 30, the suction holes 40 formed in the first holding table 6a may be
provided on the joining starting end and joining term nation end of the
adhesive tape T by a tape width. Alternatively, the suction holds 40 may be
provided only on the joining starting end. [0107] (5) In each of the

f oregoi ng enbodi ments, the suction holes 40, 41 provided along the joining
direction of the adhesive tape T are controlled as to perform suction

i ndependently for one row or two or nore rows of holes. [ 0108]

According to t{@ﬁ&ﬂ%@&%}&ﬂ}#@&@?ﬂﬁé&%meq aelhr’}'pyéz‘ifb'ér‘@hétfﬁét'hgfﬂnbg’tabﬁ%af' r st

Bol ding table nim ze the protective tape PT may

e successi Vv epar at

roroved gﬁrqnﬁq}éh f afpiprlsabney oG8R ﬁ%ﬁ Pl 5?%?%%? .fv*ﬁée vy e
( n each of the foregoin enbodl u 28 or

for gui dighgt hq%%@d&#%gﬁ@ﬂ%@hg’#kﬁg%&aﬁ CFWet E%/@P ?}FE |on may be

aroller with a small dianeter, 0110] It will appar en o t hose

ski | | ed iannelaeprajaction3? acepnimedatenshe ﬂmﬁl‘iﬂe}hés %@W%‘H‘Eﬁ@ fﬁ ﬁét made in

the present invention w thout departing fromthe spirit or scope of the

i nvent i orplanEisa, Cbns&quembreﬂldewtfmofﬁh@WpfeeMtbelSﬁvtémlrh@@u withsigbilitye

nodi fications and variations of this invention provided they conme within

the scope of t[be9sinRencteslt,Gepiratiorasicbss baricenteatinig\ah b goining povitax ofithe cl ai med
| S.

annular projection 39 and the flat plane 38a upon separating the protective tape PT from
the surface of the Wafer W is to be canceled by reinforcement through suction-holding of
the second holding table 6b. Consequently, cracks may be suppressed that possibly
occur at the joint portion.

[0096] Moreover, the first holding table 6a and the second holding table 6b are
controlled as to perform suction-holding independently. Accordingly, the following
problem may be overcome. That is, even when suction force is reduced due to clogging
of the suction holes 41 in the second holding table 6b or suction is eliminated due to
failure of the second vacuum source 45b, the first holding table 6a may suction-hold the
separation starting position of the protective tape PT with accuracy. Consequently,
when a tension applied to the wafer W upon separation of the protective tape PT, the
separation starting end of the wafer never floats. That is because suction of the first
holding table 6a is larger than the tension. In other words, the protective tape PT may
be separated from the surface of the wafer W with accuracy while poor separation is
suppressed.

{0097] This invention may be modified as follows.

[0098] (1) In each of the foregoing embodiments, the following configuration

may be adopted.  That is, the rear face shape of the wafer W is distinguished
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1. A nethod of separating a protective tape joined to a sem conductor

waf er, conprising the steps of: suction-holding a rear face of the
sem conductor wafer by noving relatively a first holding table and a second
hol di ng tabl e upward and downward so as to adjust a |level of the first
hol di ng table and the second holding table, the first holding table
suction-holding at | east a separating start position of the protective tape
in an outer peripheral region of the rear face of the sem conductor wafer,

t he second holding table holding a m ddl e region of the sem conductor wafer

Ippzlt ggt iol%ag o?rglﬁiofﬂiyg ra%cf ﬁ[eifﬂgt oﬁdiné BUELEY ariNfle second %mld hilebRgovche

er-w a~“separation tape fromthe sem conduct or

waf er while the separation ta ol ned. t o tive tape
on the séﬂ?ﬁmﬂﬂ‘f’%g ﬂ%ﬁ#@ﬂ?&@f.‘%‘ﬁfﬁ?ﬁ‘aﬂ %‘Hﬁtcggé %?@Q&%thﬁntgﬁ 1tg ta‘sebiFe and t he
second hol ding table is separated through folding back with a joining

menber . automatically a thod of separating the protective tape according

to claim1, wherein the step of suction-holding the rear face of . hﬁ
seni conduct or [0889% For instangess illustrated in Eﬁ%?@aﬁ%@ﬁé@‘? ‘§tde??8‘ieéi“ﬂﬁltett bl e and

the second holding table as to have an identical surface |evel when
suct i on- kottitinngdt 18ef Skemiligmnt stage hadasonthwldsithe ear fage of theavafer Whatée a back
grinding process is entirely performed uniformy; suct i on-hol di ng

an annul gkenter MeRHE hhroMtetht ReafériWs4 displacknnent saisbe6d hradiagés thebater vel y
nmoving the first holding table and the second hol ding table upward and

o i o apmnsop et )
surrod ndic%gtrgll&%@lﬁiﬂfnigﬂgh&gwhether the annular portion 39 is formed at the outer
periphery on the rear face of the wafer W in accordance with variations in amount of light
received relative to the amount of light outputted.

[0100] Moreover, in another embodiment as illustrated in Figure 27, a light
sensor including a light emitter 64a and a light detectof 64b facing to each other may be
provided across the first holding table 6a. In other words, the light emitter 64a is
located forward of the joining unit 7. The light detector 64b is located in a recess of an
outer frame 66 provided at the outer periphery of the holding table 6. The recess is set
to have a depth for allowing the light detector 64b to be received with no disturbance of
movement of the joining unit 7. In addition, the recess has a rail along which the light
detector 64b slidingly moves.

[0101] An irradiation angle of light from the light emitter 64a and a light
reciving position of the light detector 64b are set to vary appropriately in accordance with
the rear face shape of the wafer W.  For instance, as in the case of the wafer W having a
planar rear face, an angle of the light emitter 64a and a position of the light detector 64b

are set such that light emitted to the outer periphery region from one end towards the

other end thereof is entirely reflected, and the reflected light is received with the light
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regi on; and suction-holding a flat portion fornmed al ong an internal
di aneter of the annular projection with the second holding table having a
contour adjacent to an inner wall of the annular projection. 3. The nethod
of separating the protective tape according to claim1, wherein a
surface | evel of each the first holding table and the second holding table
I s adjusted through detecting unevenness at the outer periphery on the rear
face of the sem conductor wafer with a detector and using the detect

- results with a controller. 4. The nethod of separating the protective tape

accor di ngj g%%a(gleéqg ?)]rcgvﬁ%é’&(}ﬂflﬁ]hgly downward G AEL&CHSN. | As B DéicdRbARe an

al i gnnmen to the separation step, and a condition of

t he out er %Ewerlilg( hgarslﬁrglegg&g%&gfhe ﬁel%@f%ﬁtaﬁgl délggh@et ection

of an aliy Sem conduct or rétate

e pifie %@e@gﬁﬁg}t ogo'f%'e ot aRte B 845 arré%gt $uldh A9 Bty rettﬂgteget ect
on the annular projection 39 may be received when light is emitted across the flat plane
38a and the annular projection 39.

[0102] The controlier 49 distinguishes the rear face shape of the wafer W
through comparison of an amount of received light obtained through the light detector
64b and a reference amount of received light determined from experiments or simulations
with use of the wafer W having the annular projection 39 and the wafer W having a
planar rear face. Then, the controller 49 controls a surface level of the first holding
table 6a and the second holding table 6b in accordance with the distinction results.

[0103]  (2) In each of the foregoing embodiments, the protective tape PT may
also be separated from the surface of the wafer W having a rear face entirely subject to a
back grinding process. Herein, the first holding table 6a has a surface level identical to
the second holding table 6b, whereby the first holding table 6a suction-holds the outer
peripheral region of the rear face, and the second holding table 6b suction-holds the
center region of the rear face.

[0104] (3) In each of the foregoing embodiments, the first holding table 6a
made from metal or ceramic is utilized. Alternatively, as illustrated in Figure 28, the
surface of the first holding table 6a may be covered with a porous elastic body 65.

[0105] According to this configuration, the wafer W has a bevel at the outer
periphery thereof, and tends to curve convexly. Consequently, the clastic body 65 may
elastically be deformed due to pressure from suction to adhere to the curved surface.

Thus, leak during suction by the first holding table 6a may be suppressed.
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5. The nmethod of separating the protective tape according to claim 3,

wher ei n the detector is formed of a light sensor having a |ight
emtter and a light detector, and the light emtter is provided in a
joining unit for joining a separating adhesive tape to the sem conduct or
waf er, whereas the light detector is provided outside of the second hol ding
t abl e; the light sensor detects a condition at the outer periphery
of the sem conductor wafer prior to joining of the adhesive tape: and
unevenness at the outer periphery is determ ned through using the detect

results with trhenddonisyah st of the ftegdiiE MBS NARNAT asSiBRSFAd InTikies PI Ot ecti ve
t ape accordi né to cl gl)m f, V\%erei n %hlggfi rst and’%econd holl di %Lget abl es are

trolled f ' ] | | nde :
control g pﬁg R sBéiHon o s%%{rg&fﬁl%gh&@hb@% ﬁﬁ!ﬁ%ﬁ&ﬁafbe provided diheet hfd

of separﬁP ( protective pe according to claim: erein Wo

hol di ng SaBIESTaMEE BrbHBHPERgErTER b EORRs A aE s Eby AabeIRERET o

o or e Weehahoem A eny Py oty of e dehur AL L o ©°
[0107] (5) In each of the foregoing embodiments, the suction holes 40, 41

provided along the joining direction of the adhesive tape T are controlled as to perform
suction independently for one row or two or more rows of holes.

[0108] According to this configuration, reduction in vacuum suction by the
first holding table 6a may be minimized. Consequently, the protective tape PT may be
successively separated. In other words, working efficiency may be improved while
maintaining separation accuracy of the protective tape PT.

[0109]  (6) In each of the foregoing embodiments, the guide member 28 or 54
for guiding the separating adhesive tape T in the reverse direction may be a roller with a
small diameter.

[0110] It will be apparent to those skilled in the art that various modifications
and variations can be made in the present invention without departing from the spirit or
scope of the invention.  Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents.
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8. Apparatus for separating a protective tape joined to a sem conductor

waf er, conpri sing: a first holding table for suction-hol ding at

| east an annul ar projection on a separation stating position of the
protective tape renmaining at an outer peripheral region on the rear face of
t he sem conductor wafer as to surround a back grinding region when the

sem conduct or wafer having the annul ar projection is placed, and
suction-hol ding at |east the outer peripheral region of the sem conductor
waf er on the separation starting position of the protective tape when the
sem condWharis vlaineed i85 pl aced having the rear face to which a back grinding
process is entirely perfornmed uniformy; a second hol ding table for
suction-holding a flat portion having a contour adjacent to the internal
wal | of the annul armpmed eftdpantiapd pretectdad tase joimed amh semicondurtor waftepr nal

di aneter of the annul ar projection when the sem conductor wafer having the
annul ar Q@%%ﬁgh'qﬂsga%ﬁkaced, and suction-holding a mddle region of the
sem conduct or fer en the sem conductor wafer is placed having the

entirely flat rg&? ontl?o?(ﬁhg a rear f?ce{@aqﬁrtﬁéjfenﬁyﬁf&u&omﬁﬁ'ﬂg%\fiﬁé rebtiilyyd ng the

Separation tap 0 a surrace o e protective tape on the sem conduct or
waf er sucti.gn: hel n the first -hol di,ng t abl C i ng tabl e;
&t ape spHiadRg R eryrOro B e R B s GRS s8R LT,
with the separation tape while foldin K S rati t he separation

t ape j oi A@w?pﬁth@rfgstéwﬁ:ﬁ@%Eqbiﬁén@éﬁ%s‘??ﬁgﬁ! ﬁ@ﬁg@%@gﬂ@gﬁrs@ﬁm@%geﬁa ith a
separation nenber; a tape collecting_section for collecting the
separ at edugiar-kaldingat leaga sgperatingstaid pasition ghthe Petective tape 1n an outer

peripheral region of the rear face of the semiconductor wafer, the second holding table
holding a middle region of the semiconductor wafer inside of the outer peripheral region;
and

separating the protective tape together with a separation tape from the
semiconductor wafer while the separation tape joined to a surface of the protective tape
on the semiconductor wafer suction-held on the first holding table and the second holding

table is separated through folding back with a joining member.

2. The method of separating the protective tape according to claim 1, wherein

the step of suction-holding the rear face of the semiconductor wafer includes:

adjusting the first holding table and the second holding table as to have an
identical surface level when suction-holding the semiconductor wafer having a rear face
to which a back grinding process is entirely performed uniformly;

suction-holding an annular projection with the first holding table through
relatively moving the first holding table and the second holding table upward and
downward when suction-holding the semiconductor wafer having the annular projection

remaining on the outer periphery of the rear face thereof for surrounding a back grinding
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a driving nechanismfor noving upward and downward the first holding table

and the second hol ding table; and a controller for controlling
suction and rel ative upward and downward novenent of the first hol ding
tabl e and the second hol ding table. 9. The apparatus for separating

the protective tape according to claim8, further conprising a detector for
detecting unevenness on the outer periphery of the rear face of the

sem conductor wafer, wherein the controller distinguishes a

sem conductor wafer having a flat rear face froma sem conductor wafer

havi ng agﬁgggqhﬁr projection forned at the outer periphery on the rear face
t hereof in~accordance with detection results, and controls a surface |evel

of the first holgoga}ﬁ&ggah@?g?ﬁgﬁf%%@@ pthégngla{gngetgrrbfmqp&pce W t h

. . . u
the distinctiofi res aratus for separating the

tecti 1 di | al | [
o1 ovi ded freieaiay ptsorroing P ayiolEy KEhEF kR G ab e pRRRT AL

protective tape according to claim9,
annular projection.

3. The method of separating the protective tape according to claim 1, wherein
a surface level of each the first holding table and the second holding table is
adjusted through detecting unevenness at the outer periphery on the rear face of the

semiconductor wafer with a detector and using the detect results with a controller.

4, The method of separating the protective tape according to claim 3, wherein

the detector is provided on an alignment stagé arranged prior to the separation
step, and a condition of the outer periphery of the semiconductor wafer is detected during
detection of an alignment mark while the semiconductor wafer rotates; and

unevenness at the outer periphery is determined through using the detect results

with the controller.

5. The method of separating the protective tape according to claim 3, wherein

the detector is formed of a light sensor having a light emitter and a light detector,
and the light emitter is provided in a joining unit for joining a separating adhesive tape to
the semiconductor wafer, whereas the light detector is provided outside of the second
holding table;

the light sensor detects a condition at the outer periphery of the semiconductor

wafer prior to joining of the adhesive tape: and
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wher ein _ the detector is forned of a light emtter provided in a
joining unit for joining the separation tape to the protective tape and a
| i ght detector provided outside of the second hol ding table.

unevenness at the outer periphery is determined through using the detect results

with the controller.

6. The method of separating the protective tape according to claim 1, wherein
the first and second holding tables are controlled as to perform suction-holding

independently.

7. The method of separating the protective tape according to claim 1, wherein

two or more suction holes formed on the surfaces of the first and second holding
tables are brought together for every line along a direction of joining the separation tape,
and the suction holes are controlled as to perform suction-holding independently for

every line.

8. Apparatus for separating a protective tape joined to a semiconductor wafer,
comprising:

a first holding table for suction-holding at least an annular projection on a
separation stating position of the protective tape remaining at an outer peripheral region
on the rear face of the semiconductor wafer as to surround a back grinding region when
the semiconductor wafer having the annular projection is placed, and suction-holding at
least the outer peripheral region of the semiconductor wafer on the separation starting
position of the protective tape when the semiconductor wafer is placed having the rear
face to which a back grinding process is entirely performed uniformly;

a second holding table for suction-holding a flat portion having a contour

adjacent to the internal wall of the annular projection and formed as to conform to an
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internal diameter of the annular projection when the semiconductor wafer having the
annular projection is placed, and suction-holding a middle region of the semiconductor
wafer when the semiconductor wafer is placed having the entirely flat rear face;

a tape supply mechanism for supplying the separation tape to a surface of the
protective tape on the semiconductor wafer suction-held on the first holding table and the
second holding table;

a tape separating mechanism for separating the protective tape together with the
separation tape while folding back and separating the separation tape joined to the
protective tape on the semiconductor wafer with a separation member;

a tape collecting section for collecting the separated protective tape and the
separation tape;

a driving mechanism for moving upward and downward the first holding table
and the second holding table; and

a controller for controlling suction and relative upward and downward

movement of the first holding table and the second holding table.

9. The apparatus for separating the protective tape according to claim 8, further
comprising a detector for detecting unevenness on the outer periphery of the rear face of
the semiconductor wafer, wherein

the controller distinguishes a semiconductor wafer having a flat rear face from a
semiconductor wafer having an annular projection formed at the outer periphery on the
rear face thereof in accordance with detection results, and controls a surface level of the

first holding table and the second holding table in accordance with the distinction resuit.
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10. The apparatus for separating the protective tape according to claim 9,
wherein

the detector is a light sensor provided in an alignment stage.

11. The apparatus for separating the protective tape according to claim 9,
wherein

the detector is formed of a light emitter provided in a joining unit for joining the
separation tape to the protective tape and a light detector provided outside of the second

holding table.

30



