SUBSTRAIE TRANSPORT METHOD AND SUBSTRATE TRANSPORT APPARATUS
BACKGROUND OF THE INVENTION 1. Field of the Invention This invention relates to a method
and apparatus for transporting a substrate, such as a semiconductor wafer and an LED (light Emitting
Diode). More patrticularly, this invention is directed to a technique of dividing a substrate by a dicing
process into chips, molding non-defective chips selected from the chips with a resin into a substrate
having a circular or quadranglar shape, heating the molded substrate in a given process, and

thereafter transferring the s%ﬁ%ﬁ%%gwﬁhﬁ E?Iﬁ‘&i‘i AHD In recent years, a
r, appropriately referred t

semiconductor wafer (hereinafte 0 as a "wafer") tends to be ground to have a

thickness of several tens micSUBSIRAWH BRISNSPORT MgtPdersity package. Accordingly, a circuit
and a bump formed on a surface of the wafer may be damaged from a back grinding process until a

dicing process, resulting in reduced manufacturing efficiency. The dicing process is performed to

the wafer having a circuit alreagﬁ@g%ﬁ]ﬁsqgﬁaﬁp@m@@lﬁ%mding process, whereby only

non-defective bear chips having a circuit already formed thereon are selected. Only the non-defective
chips are mblé&eddathite tesentmibe molded again into a substrate shape. Detailed description thereof

is as under. As illustrated in Figlé(% 1(% an a%ﬂ?eséve sheet 3 is pressed with a roller R to be joined
to a substrate 2 (e.d.MHAGEIBAN JEIHFRIAD of STAFHIOYs A  APRSY A4Sl FIARSPREN & illustrated in

Figure 1(b) ffpine8-d6ipCideLeshicBIMTURR GG dhndrERN O eiN IRy HHMERP IBGI ray on the
adhesive sheet 3 on the substrate 2 with electrode surfaces of the bear chips la being directed
downward. Wiese paii tlistkatEl shnwiptieni so)i racted éandethei fuaat divideg asubstigsinyb to

a dicing process into chips, molding non-defective chips selected from the chips

with a resin into a substrate having a circular or quadranglar shape, heating the

molded substrate in a given process, and thereafter transferring the substrate.

2. Description of the Related Art

In recent years, a semiconductor wafer (hereinafter, appropriately referred
to as a "wafer") tends to be ground to have a thickness of several tens micrometers
with aneed for a high-density package. Accordingly, acircuit and a bump formed
on a surface of the wafer may be damaged from a back grinding process until a
dicing process, resulting in reduced manufacturing efficiency.

The dicing process is performed to the wafer having a circuit aready
formed thereon prior to a back grinding process, whereby only non-defective bear
chips having a circuit aready formed thereon are selected.  Only the non-defective
chips are molded with a resin to be molded again into a substrate shape. Detailed
description thereof is as under.

Asillustrated in Figure 1(a), an adhesive sheet 3 is pressed with aroller R
to be joined to a substrate 2 (e.g., made from aluminum or stainless steel) for
support plate. Then, asillustrated in Figure 1(b), the non-defective bear chips la
are fixedly arranged in a two-dimensional array on the adhesive sheet 3 on the
substrate 2 with electrode surfaces of the bear chips 1a being directed downward.
Then, as illustrated in Figure 1(c), the bear chips 1la are molded with aresin 1b to
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be molded again into a wafer shape. As illustrated in Figure 1(d), an adhesive force in the adhesive
sheet 3 is decreased to separate the molded wafer 1 from the substrate 2. At this time, the adhesive
sheet 3 remains on a substrate 2 side. Subsequently, as illustrated in Figure 1(e), a protective sheet P
is joined on the resin Ib on an electrode-surface side where electrodes are exposed from the resin Ib,
and is subjected to back grinding is performed in a direction opposite to the electrode surface.
Subsequently, as illustrated in Figure 1(0, the protective tape P is separated after the back grinding to

obtain a thipne ;q&l&i water 1. The thi maglde f 1 [ held . ring frame f via a
support ad#erés{s\ae ape%%%r,?éﬁ%lig tvrvﬁérp%?f% 'to%a%dlﬁi%%gﬂs?r%%éifd \Ilélﬁj?eare T#é bge{aargcﬁ]e%\é%re diced. See
Japanese Ratest i tHaisdliesd eh@8 (B +308drkased tdRepagitiothd heoidetewaldainadasiabove by

molding again the non-defective bear chips is transported in a non-contact manner under temperature

control. SudHPHESe2n il dbpddnendenpibrsbiRcicdesd JapaitissenPasRIaiticaitiieNo.

2011-1511 E;},@ne Bl {nfpEe eased gl -}s‘l’fétefil}e f £ iQthigper wafers in
recent years, a s Lpj)po ’p%/te %ég/%urr]% 'Eﬁ?—:' sq;ur?% %éé(? %%?ég%tvafer is fﬁ’eﬁ%ﬁhgﬁ&v%r via a
double-faceth amharsafectaquie- Ainkase gplenvhiee e euieshesietpassyl dromo tne pEH0dss amdthe method of

separating the support plate, a douple-faced adhesive tape is used. The douple-faced adhesive tape
s 2 et 53 SERERT e B B8 LY USRS ORUG01P0 PRGBS CH PBnsion from

heating, or pfuges aspRasHERMSENSItvRAGARAIMR I2vglrer wiavilehrsteaRlRbage TG4method of

separating the double-faced adhesive tape is conducted by heating the wafer with the support plate
prior to the sepaatRthofiRsdbedask ariagingdeolpaite atthnbtdariodedovaeos-11TesHemed Moreover,

the molded wafer W tends. to he further upsized with requirements for high densit ing in recent
yoars. Con U ERAY e AL RED DN SU el T TE LA B Y (AR 1 a mon-contact
manner, singgithe sahstatechas bs @WRgvpiabidaraeribamdasgiresni 0f the rarisdn agedincured

condition, the substrate becomes warped. Such problem may arise. Moreover, the resin already

cured is soffaPRIERZRENHBIPIHeieR NP a200hsE1dRt process. Consequently, similarly to the uncured
resin, the molded wafer with the eneg resj beco rped a ted in a
e

non-contact manner. egardless of w er the resin Is softe , the molded wafer

becomes waopatkf ectila ibeairchipshs waigigpesipinesynohibenteasfenatigittynden sdoperetuperear face of the
wafer due to its own weight. The running resin causes a non-uniform thickness of the wafer.

Consequent§NRk warFit Mo P dtet aRed At HIhgeaEs e dS8E uIsIRIERR theSlibsequent
dicing proces BLFSARPIRIMMBY AlRS:

Moreover, for reinforcing decreased rigidity of the wafer due to thinner
wafers in recent years, a support plate having the same shape as the wafer is joined
to the wafer via a double-faced adhesive tape. The support plate is separated
during a mount process. In the method of separating the support plate, a
double-faced adhesive tape is used. The double-faced adhesive tape has a heat
separation property that reduces or loses adhesion due to foaming and expansion
from heating, or includes a pressure-sensitive adhesive layer of ultraviolet curable
type. The method of separating the double-faced adhesive tape is conducted by
heating the wafer with the support plate prior to the mounting process. See
Japanese Patent Publication No. 2005-1116679A.

Moreover, the molded wafer W tends to be further upsized with
requirements for high density packing in recent years. Consequently, when the
wafer is transported while floating on a transport path in a non-contact manner,

since the substrate had its own weight larger than hardness of the resin in an
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Moreover, when air is sprayed on the cured resin, a surface of the resin may become waved to
generate unevenness on the surface. Moreover, the wafer is also molded in a square shape other
than a conventional circular shape. When the molded wafer is transported in a conventional
non-contact manner, the wafer can readily rotate about a vertical axis thereof and thus has difficulty in
being transported while a given course is maintained. Consequently, a periphery of the molded wafer
contacts to side walls for drop prevention that are provided on both ends of a transport course,

resulting in Hﬁéﬂ.@ie% @ﬁbm@nﬁﬁ% gggp V%on %@nﬁé‘zﬁa& SuMllor '%%%r&h(;% &Zi%r&qy be cooled to

have a lower temperature than it nee e d'wafer is transported ng distance in a

non-contact mannen dieat s, tite resin magabe eured witkofrerpdoegsiiinghdreitiacduahaa problem may
arise. SUMMARY OF THE INVENTION Additional features of the invention will be set forth in the
description SYRREAYBNLWEOERR inGrRAISSRHEDEY ashat b Enthice WsEerhtSH NorthealPBiegarned by

practice of nggngmnme SOTIIMV%WI}&@S dﬁme\%r@gﬁﬁﬁs%ot%%ﬁ the art noted above,

and its primary object is to provide a metho apparatus rting a wafer that allows
efficient coglomgoaittactondaneage thereon. One example of this invention discloses a method of

eatad condiion PPV PAEPLIEAER Reat IO, DES R P e ety the.
substrate IkaRIRANDERIEIUAR. a relflt SHRREUGECHS FERESPMBQIEHRE SHghRYMGRe chips
arranged planarly with a resin,
toward arear face of the wafer due to its own weight. The running resin causes a
non-uniform thickness of the wafer. Consequently, the wafer cannot be diced
accurately along a desired scrub line in the subsequent dicing process. Such
problem may arise.
Moreover, when air is sprayed on the cured resin, a surface of the resin
may become waved to generate unevenness on the surface.
Moreover, the wafer is aso molded in a square shape other than a
conventional circular shape. When the molded wafer is transported in a
conventional non-contact manner, the wafer can readily rotate about a vertical axis
thereof and thus has difficulty in being transported while a given course is
maintained. Consequently, a periphery of the molded wafer contacts to side walls
for drop prevention that are provided on both ends of atransport course, resulting in
damages on thewafer.  Such problem may arise.
Moreover, the resin may be cooled to have a lower temperature than it
needs when the molded wafer is transported by a long distance in a non-contact
manner. That is, the resin may be cured with warp occurring therein.  Such a

problem may arise.

SUMMARY OF THE INVENTION
Additional features of the invention will be set forth in the description
which follows, and in part will be apparent from the description, or may be learned

by practice of the invention.



during the transporting step, an outer periphery of the substrate being suction-held with the suction
head, the outer periphery extending out of an exposed surface of the substrate on a surface side
where the chips are exposed from the resin, and the substrate being transported to the loading
position while being kept planar by decreasing or increasing pressure within the suction head with
switching between supplying heated air into the suction head sealed with the substrate and sucking
the heated air from the suction head. According to the method mentioned above, since the resin is
readily bent in a softened s t.a gl trapsition temperatu r less, running of the
resin likely occurs a thselgﬂ%%?gﬁérr%ﬁe@%frﬁ]%%lﬁ%f%@d{% l%%ltfgs %T/vﬂrﬁv%%g%\é?%rg?égémher hand,
since the owi®f ipepiphery obibe Rifespratede suatipochaid sipathesterticmgrrtingewefuning can be
avoided. In addition, since the substrate is transported while being suction-held with the suction head.
Consequentift fOesE e Cerl gy o draIRepSP&EM o a target position along a given transport

path while an attitu%:ngf &ﬁrﬁ lés%ptmg W&ﬁ%%&?d%é&%“h%ﬁ“%tﬁ%ﬂsﬁ%&@ge p‘{evented from

contacting to the other structures to be damaged during a transport process. over, an

inner-side psuttsbratef thEhsunsthaid inchudesactvatgpdisiatestephofheiciiatidol deapasadst taevarp
downward due to heating. However, pressure within.the suction head sealed by the substrate is
etuced wiBRIEARS GO AT B S PR O RO LU A BOFHER T8 rocin i cured

as it is rapiqiy opledgtite QRRirSEmRPAIBAM R SHBsLrate may warp upward due to difference in

shrinkage between the resin and the chip. However, applying pressure within the suction head sealed
with the substrate ehebRbssaedie ngpitbonamghyf el ekaih feongedueitthchine Slssgate enables to be
kept planar, Thu§ the F?ubstrate with the resin in a heated condition can be transported into the target
position whﬁeaB%rléng%p%?grpar. The method mentioned above is preferably conducted as under.

For instance, pressyigi i) apeligenaidhinndessuctipn digad saripHBRYoiotBasshisiiag: teamgratures
between a preset temperature in the unloading position and that in the loading position. Then the

substrate isSH@liiQE_T@Q! deéﬁlﬁrm@sﬁ&ti%gﬁ@nt%@#%e%ﬁm edenslingowh SN £eeettemperature.
The method, ipap '8?%%8%5&5%%@ E?;gﬁ?&:é?&% %@f@ﬁg%ﬁﬁgﬁte&%@f HYEE tﬁéi%;@ojnloa ding

transportation to be controlle ave temperatures between a temperature |
position andrbat in the loading position until the wafer is transported into the loading position. In other

words, the resin is cooled not rapidly but gradually. As a result, warp of the wafer can be eliminated,

the warp occurring HifeSPHHfE R RRRPRRL Betife lPeHY  BSRIRIWRE & BB 5FBbver, damages
in the wafer,thyey [ N8k f3BraiRe &8 RYPHRAIGE withit iRLSEERAIRAGH AR RRgletects

displacement in level of the substrate during the transport step. At least either a supplied amount of
gas into thebstvwzéiem hupaty ool satsib A et the Sgerofrdreatheesl edtivnthdbe silzaljeistendn accordance
with detection results onm the detector. In addition, it is preferable that a temperature within the
suction head’ '@&éﬁ I@rtﬁé)gh%'&?g@?@bg%ported and a temperature of gas to be supplied

into the suction heag dsoAdiiNg RAtHR ARGAEPRERAIVIBAISIBEHOS RESYHE fEam 14 PcAIG bRt

in a softened state at a glass transition temperature or more or even less, running of
the resin likely occurs at the outer periphery of the substrate due to its own weight.
On the other hand, since the outer periphery of the substrate is suction-held with the
suction head, the running can be avoided. In addition, since the substrate is
transported while being suction-held with the suction head. Consequently, the
substrate is ensured to be transported into a target position along a given transport
path while an attitude of the substrate is maintained. As aresult, the substrate can
be prevented from contacting to the other structures to be damaged during a
transport process.

Moreover, an inner-side portion of the substrate in a non-contact state with

the suction head tends to warp downward due to heating. However, pressure
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The method mentioned above allows adjusting at least either pressure or a temperature within the
suction head in accordance with displacement in level of the substrate. Consequently, warp of the
substrate can be corrected appropriately. Another example of this invention discloses an apparatus
for transporting a substrate. The apparatus includes a transport mechanism with a box-shaped suction
head for suction-holding an outer periphery of the substrate formed by molding two or more chips
arranged planarly with a resin in a heated condition, the outer periphery extending out of an exposed

surface wher e.chi I sed,f the resin; a ressor lvi s into the
suction hea @@%Ié@ewgﬁﬁﬁﬂ% sugst%%'é?)rry uﬁ%’%@tg%lg%%ﬁ%ﬁ \sﬁu%c%{ggﬁ%%d%ﬁ a?%rea er for heating
the gas supgigtictao beekgpis glanzprearite detecthaial deiecting cisplasesment & lieviel of the
substrate suction-held by the suction head; and a controller for adjusting at least either a supplied

amount or é%ﬁ'ﬁ’oﬁ _ uH?%f_@ﬂ@'éﬁlelﬂpgé‘?@c%%@m%‘ﬁ?ﬁ%éﬂ%n‘ﬁ’ﬁ‘me%w_équﬁﬁsyate during
transportlr)gjw&égqf\?vmﬂ%&%% tla& e \;/%}lt%&%goem&ad ,@M@IIC%%WIUVG pressure

and negative pressure uction head by the gas compressor in accorda h detection
results fronptessdeteatbin the et corifiegd retebedoivitie thpmutzina enenabereth avovd epables the suction

head to suction-hold the outer periphery of the substrate. In addition, the configuration also enables to
control the RTSAHIESTHE pdlna Brie 0s LTI B TREHE CaLFohNER: Sgdlicall, when the

detector deigels HSRIRCRTS AT ASYEIPA InGreaRFRIE SHIEIP UAF BnshirRANMES-HEGpgation of the

substrate, the gas heated is supplied into the suction head such that the suction headis in a
pressurizedrositi@mhitcdesng kentkbaniom the suction head such that the suction head is in a

pressure-reduction state. Congequently, the substrate returns to be planar utilizing characteristics of
the resin that eady BeATDA BB KR aPoKectr g L (PRGN echchinay Shtably be
conducted Vyithuiee, apRasateSs appll&e appaiahe Bientaneshalsy exdppiyaigngtsdra migmperature
sensor for detecting a temperature of the suction head sealed with the substrate. The controller

compares é%@%”%ﬁ%@m@lpmé%mﬁ%mbbwQ@@Wﬁé&%ﬂ/%ﬂ@hb’éﬂﬁure sensor
i e TS (EPSRURLE BN fer e IR RSATRY ecorce,
Such configesatitscsoladtivahblmto a gilersteopiégatiation makes it easy to keep the substrate planar
while the temperatuTrﬁeofnghB%sirrlniesnﬁ g{.ﬂue%tegbove enables the resin having the highest
temperature at start of transportation to be controlled so as to have temperatures
between a temperature in the unloading position and that in the loading position
until the wafer is transported into the loading position.  In other words, theresinis
cooled not rapidly but gradually. Asaresult, warp of the wafer can be eliminated,
the warp occurring due to difference in shrinkage between the resin and the chip.
Moreover, damages in the wafer due to the warp can aso be eliminated.
It is preferable that a detector detects displacement in level of the substrate
during the transport step. At least either a supplied amount of gas into the suction
head or a suction amount of gas from the suction head is adjusted in accordance
with detection results from the detector. In addition, it is preferable that a
temperature within the suction head is detected while the substrate is transported
and a temperature of gas to be supplied into the suction head is adjusted in
accordance with detection results from the detector.
The method mentioned above alows adjusting at least either pressure or a

temperature within the suction head in accordance with displacement in level of the
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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. BRIEF DESCRIPTION OF THE DRAWINGS 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. Figure 1 is an explanatory view illustrating a

manufacturlgg ? ess-of I f}? wafer accordi g}}' rior art igure é’is a plan view
illustrating a'w o%%:or?f%@%ﬂ%r& 'an a%%ﬁﬁ?i l%%;%gé% INg %%c?r'?ee%t)%g pI?&%n Igure 3 is a side
view of a workpiecenyieg e amploot phideroingdricititossldedppaigudtiotierdiord mgational view of
the molded wafer. Figure 5 is a schematic overall perspective view of a third substrate transport

apparatus. BigFHE6 is AFaAPRRR T dReltles SbarsRot RSP s arHiu® box-shaped

suction head for suction-holding an outer periphery of the substrate formed by
molding two or more chips arranged planarly with aresin in a heated condition, the
outer periphery extending out of an exposed surface where the chips are exposed
from the resin; a gas compressor for supplying gas into the suction head sealed with
the substrate or sucking the gas from the suction head; a heater for heating the gas
supplied from the gas compressor; a detector for detecting displacement in level of
the substrate suction-held by the suction head; and a controller for adjusting at |east
either a supplied amount or a suction amount of the gas by detecting the
displacement in level of the substrate during transporting while suction-holding the
substrate with the suction head, and switching positive pressure and negative
pressure within the suction head by the gas compressor in accordance with
detection results from the detector.

The configuration of the apparatus mentioned above enables the suction
head to suction-hold the outer periphery of the substrate. In addition, the
configuration also enables to control the temperatures and pressure of the gas
supplied into the suction head.  Specificaly, when the detector detects
displacement in level of the substrate due to warp in the inner-side portion of the
substrate, the gas heated is supplied into the suction head such that the suction head
IS in a pressurized state or the gas is sucked from the suction head such that the
suction head is in a pressure-reduction state. Consequently, the substrate returns
to be planar utilizing characteristics of the resin that readily deforms due to heating.
Accordingly, the foregoing method may suitably be conducted with the apparatus.

The apparatus mentioned above further includes a temperature sensor for
detecting a temperature of the suction head sealed with the substrate. The
controller compares an actual measurement value of the temperature determined by

the temperature sensor with a reference value of the temperature determined in
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Figure 7 is a longitudinal sectional view of the third substrate transport apparatus. Figure 8 is a front
view of the third substrate transport apparatus. Figure 9 is a block diagram of the third substrate
transport apparatus. Figure 10 is a side view of a support-plate removing mechanism. Figure 11 is a
plan view of the surrounding of a first table. Figure 12 is a front view of the surrounding of the first
table. Figure 13 is a perspective view of a separation roller. Figures 14 through 16 are explanatory
views each showing operation of removing a support plate. Figure 17 is an explanatory views

showing opgilign.ofeeonrafna Ao kieasas 8 Ral oo IR AlPYsiRg fustrating
pressure adjustment Within a suction
the gas having a controlled temperature into the suction head. Such configuration
Is preferable.
This configuration makes it easy to keep the substrate planar while the
temperature of the resin is adjusted.
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.

BRIEF DESCRIPTION OF THE DRAWINGS

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.

Figure 1 is an explanatory view illustrating a manufacturing process of a
molded wafer according to the prior art.

Figure 2 is a plan view illustrating a whole configuration of an apparatus
according to one example.

Figure 3 is aside view of a workpiece having a support plate joined to the
molded wafer.

Figure 4 isasectiona view of the molded wafer.

Figure 5 is a schematic overall perspective view of a third substrate
transport apparatus.

Figure 6 isaplan view of the third substrate transport apparatus.

Figure 7 is a longitudina sectional view of the third substrate transport
apparatus.

Figure 8 isafront view of the third substrate transport apparatus.

Figure 9isablock diagram of the third substrate transport apparatus.

Figure 10 isaside view of a support-plate removing mechanism.
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head. Figures 19 and 20 are explanatory views each showing operation of a wafer transport
apparatus. Figures 21 and 22 are schematic views each illustrating adjustment in shape of the
wafer. DESCRIPTION OF THE PREFERRED EMBODIMENTS The invention is described more
fully hereinafter with reference to the accompanying drawings, in which embodiments of the invention
are shown. This invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein. Rather, these embodiments are provided so
that this disclogure El'[ énper%gga(??g]v\\{qwgytﬁg%/ﬁ% Lma ﬁﬁ%?%ﬂfr yﬁaﬁpé{ention to those skilled in j[he
art. In the drawings, the Size and relative sizes of layers and regions may be exaggerated for clarity.

Like reference numergisdn2he aifeoningavdentie dieoaledimends the firktaepleafter, description will be
given of an embodiment of the present invention with reference to the drawings. A substrate

transport apparatusTH9'§Se BAaFPRESRRGIS i Rundln SPBrBNRIE @A support-plate separating device.
The support-substrat rat Io i¢ SRPAIAISS Ao éﬂrso tghg)%- % giggoﬁo&a a support
plate 2, the wafer 1 b%lia%ejg"lneﬁ co xiaﬁy to the support plate Zé% a ouﬁ%-fgce adhesive tape 3, as
illustrated imdrnpureg3a SUppat phaie plate 2 is formed of a stainless steel, a glass substrate, or a silicon

substrate. Here, the suLPgort plate 2 hasi a size ec1ual to or larger than the wafer 1.
Figure 17" 1s an explanatory views showmg operation of separating a

double-faced adhesive tape.

Figure 18 is a flow chart illustrating pressure adjustment within a suction
head.

Figures 19 and 20 are explanatory views each showing operation of a
wafer transport apparatus.

Figures 21 and 22 are schematic views each illustrating adjustment in
shape of the wafer.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention is described more fully hereinafter with reference to the
accompanying drawings, in which embodiments of the invention are shown. This
invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein.  Rather, these
embodiments are provided so that this disclosure is thorough, and will fully convey
the scope of the invention to those skilled in the art.  In the drawings, the size and
relative sizes of layers and regions may be exaggerated for clarity. Like reference
numerals in the drawings denote like elements.

Hereinafter, description will be given of an embodiment of the present
invention with reference to the drawings.

A substrate transport apparatus in one example of this invention is
provided in a support-plate separating device. The support-substrate separating
device separates awafer 1 prior to back grinding from a support plate 2, the wafer 1

being joined coaxially to the support plate 2 via a double-faced adhesive tape 3, as
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Here, the wafer 1 is formed as follows. That is, bear chips la in Figure 4 to which a dicing process is
performed are inspected after circuit formation on a wafer surface for sorting out only non-defective
bear chips la. The non-defective bear chips la are fixedly arranged in a two-dimensional array on the
double-faced adhesive tape 3 joined to the support plate 2 with electrode surfaces of the chips being
directed downward. Moreover, the bear chips la are covered with a resin |b to be molded into a wafer
shape. Now referring again to Figure 3, the double-faced adhesive tape 3 includes a tape base

material 3a. dhesi er n I r 2reof respectivel The
adhesive Ialjl]éﬁr% ﬁthn?lé%%agépaﬁ |0%%%%§%§2§%@%%%§§%§% %%arni%géga‘f% expansion
through heaiibgrdibecrdhsisivenaypitdads Ukkaealed suppbre e thabsedsicesetigahdbasion due to

curing by irradiation with ultraviolet rays, or a non-ultraviolet curable type and pressure-sensitive. That
is, the suppGFOBIAREtheWiA€l Yo the adhesive layer 3b, whereas the wafer 1 is joined to the adhesive

layer 3c. Figur%@_’ ENe &%,&f&rﬁ %%mfseqﬂ@qig%%yﬁﬁ%%%qwmqﬁgne example of

this invention. Figure 5 Is a schematic overall perspective view of a stratetransport apparatus.
Figure 6 is tophem oheandodi tigepituodssu b giester tned sperireppetsat @fteF igucai 7 fioradtiogitodiaal sectional

view partially illustrating the third substrate transport apparatus. The support-plate removing
cevice incI NS LA Lo A0S B A AR PLPCH VR St GOIPS:trar b ECH G iam 6. &
cooling megianigiihd 18 SRCARERY BREALRI AN ERA/MIBHBRSBARIEN & hRNE&Ike-takig 10, a third

substrate transporting device 11, a support-plate removing mechanism 12, a tape removing

mechanismatiBesivietepeddi¢aitned sedtiesuppost miskidgvydt bect sde sutiesiefivaeiehipection 16, and
a fourth substrate transporting mechanism 18. The wafer supply/collecting section 4 has cassettes
& 7 and ool R e LSt Vi L B o A Rt M sete o
houses the tya&kersoldendntoesvareoshietes 2. The first wafer transporting mechanism 6 has a first

robot arm 5. The second wafer transporting mechanism 9 has a second robot arm 8.
Now referring again to Figure 3, the double-faced adhesive tape 3 includes

a tape base materia 3a having adhesive layers 3b and 3c on opposite surfaces
thereof respectively.

The adhesive layer 3b with a heat separation property loses its adhesion
due to foaming and expansion through heating. The adhesive layer 3c is
ultraviolet curable type that reduces its adhesion due to curing by irradiation with
ultraviolet rays, or a non-ultraviolet curable type and pressure-sensitive. That is,
the support plate 2 is joined to the adhesive layer 3b, whereas the wafer 1 is joined
to the adhesive layer 3c.

Figure 2 is a plan view of a support plate separating device according to
one example of thisinvention. Figure 5 is a schematic overall perspective view of
athird substrate transport apparatus. Figure 6 is a plan view of the third substrate
transport apparatus. Figure 7 is a longitudina sectional view partially illustrating
the third substrate transport apparatus.

The support-plate removing device includes a wafer supply/collecting
section 4, a first substrate transporting mechanism 6, a cooling mechanism 7, a
second substrate transporting mechanism 9, a preheating table 10, a third substrate
transporting device 11, a support-plate removing mechanism 12, a tape removing

mechanism 13, a tape collecting section 14, a marking section 15, a wafer
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The support-plate removing mechanism 12 removes the support plate 2 from the workpiece W.

The tape separating mechanism 12 separates the double-faced adhesive tape 3 from the wafer 1 from
which the support plate 2 has been removed. The tape collecting section 14 collects the removed
double-faced adhesive tapes 3. The marking section 14 marks the wafer 1. The fourth wafer
transporting mechanism 18 has a fourth robot arm 17. Next, each mechanism will be described in
detail. The wafer supply/collecting section 4 has two cassettes Cl on a supply side and two

cassettes C Defl 'ﬁ%ﬁmﬁd&m} g\urﬁiﬂgj%g@gt(% éEiRr%g&lherll %C%]ﬁ%ﬁ% Cl each house the

workpieces W'inse eremto horizontally'ina’s ann € water 1 and the support plate

2 joined together, Wheseniferssuppbyl qontetihis sittored thawouseteO0e eagseitectasitrises the wafers
1 inserted thereinto horizontally%{i1n a stack manner. The support plate 2 is each removed from the

wafer 1 andMAEVEEFEhereih nEe eEeREiRt SthrfReese? tHOTKBLRCERINY 1a diRecfEESERR/Srd. The other
cassette C%Q%qﬁéq%{?@@éﬂg gd?{ egénserted thereinto horizontally in a stack manner.
f the first su@stra@ '

The first robotarm 5 o transporting mechanism 6 is reversible and movable
horizontally. Furtheil bdifssivafteottcampbrisig nmebhara s 16 dasbdef vrertrobldy asraSvholdeThe first robot
arm 5 has a tip end provided with a U-shaped workpiece holder 5a of a vacuum-suction type.

Moreover, PSHEE L ARTRTIEY TREHIFESTY ARG e SR RO For instance, the

The support-plate removing mechanism 12 removes the support plate 2
from the workpiece W.

The tape separating mechanism 12 separates the double-faced adhesive
tape 3 from the wafer 1 from which the support plate 2 has been removed.

The tape collecting section 14 collects the removed double-faced adhesive
tapes 3.

The marking section 14 marks the wafer 1.

The fourth wafer transporting mechanism 18 has a fourth robot arm 17.

Next, each mechanism will be described in detail.

The wafer supply/collecting section 4 has two cassettes C1 on a supply
side and two cassettes C2 on a collection side that are arranged in paralel. The
cassettes C1 each house the workpieces W inserted thereinto horizontally in a stack
manner with the wafer 1 and the support plate 2 joined together, where the support
plate 2 is directed downward. One cassette C2 houses the wafers 1 inserted
thereinto horizontally in a stack manner. The support plate 2 is each removed
from the wafer 1 and the wafer 1 each have a circuit surface of the bear chips 1a
directed upward. The other cassette C2 houses the removed support plates 2
inserted thereinto horizontally in a stack manner.

The first robot arm 5 of the first substrate transporting mechanism 6 is
reversible and movable horizontally.  Further, the first robot arm 5 is turnable and
movable vertically asawhole. Thefirst robot arm 5 has atip end provided with a
U-shaped workpiece holder 5a of a vacuum-suction type. Moreover, the

workpiece holder 5a includes an alignment mechanism. For instance, the
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workpiece holder 5a has holders at two portions on a tip-end side thereof. The holders are directed
upward. The workpiece holder 5a also has two movable pins at corners on a proximal end thereof.
When the movable pins are moved, they sandwiches the workpiece W together with the holder for
aligning and holding the workpiece W. The cooling mechanism 7 is formed by a suction pad and a
cooling unit. The suction pad sucks the support plate 2 in a heated condition at a center region thereof
for rotating the support plate 2. The cooling mechanism 7 includes a cooling unit disposed above the

Sinstate tARLIRTEAG Wt AL UL e A bR R T8 rnaie and

substrate transpor INg mechanism 3 IS movab

movable verbnadly asaindvede. ipoexs coniberalopk sl stehblaieratizien thas aviolesbwithesplhshaped
workpiece holder 8a of vacuum-suction tb/pe. The preheating table 10 is a chuck table having a
larger size @aFPIRESvaRkBiRt A RNA 088U ¥ Regr dor ARIIRFE Mavede §SY1 mm or less)

being formed, pfrfiantieamiksiealT e RisbaafingHEs dd madeifiomha Roairgspiating material
The preheating table 10 mcludgs(%%s\l/get&?ﬂereof a heater arﬁ}é) a tempaerlagre sensor.alihe temperature
sensor detegtskpragevdtures on a surface of the workpiece W. Detection signals of the temperature

sensor are transmitted to a controller 80. More \R\;er, t[;ﬁ reheating table 10 furtper includes two or

more support pins fOPFRAHGLHRSIERSE 1§ asiAiea 8 tAOR YFHEE- of the
workpiece pragr %%ﬁ'}%%ﬁﬁ%%ﬁ&ﬁ@fﬁ%tﬁpiHféweemﬂiﬁﬂ%%%qéfr@@iB?fsu'ator' or is

covered with an insulator. As shown in Figures 4 to 7, the third substrate transporting device 11
includes a fihsreabléop rotaisagdhe umeor? pate 2. wdite-eadlsnpg rimeghadshadisncllesiére, the third

substrate transporting, device 11 corresponds to the substrate transport apparatus in this invention.
The it (R NAHT ARG TG B rgR P XA eSS PR SHERIE suition
grooves with gdmpinute width (e.g., 1 mm or less) being formed on a front face thereof. The first table 21
is formed of a heat-insulating material, and includes inside thereof a heater 24a and a temperature

sensor 25a (see Figlie SLoNHS bRt FEmaf Al Junsnond Sidsieaie treRsperanea3cenaa Sirfhce of the
v Vo RAAURARRS R BRAT I BEERED
support pinge¥fieally as a whole. The second robot arm 8 has. a tip end provided with a
U-shaped workpiece holder 8a of vacuum-suction type.
The preheating table 10 is a chuck table having a larger size than the
workpiece W and having suction grooves with a minute width (e.g., 1 mm or less)
being formed on a front face thereof. The preheating table 10 is made from a
heat-insulating material. The preheating table 10 includes inside thereof a heater
and a temperature sensor. The temperature sensor detects temperatures on a
surface of the workpiece W. Detection signals of the temperature sensor are
transmitted to a controller 80. Moreover, the preheating table 10 further includes
two or more support pins for moving the workpiece upward and downward such
that a surface of the workpiece protrudes and retracts. Moreover, the tip of the
support pin isformed of an insulator, or is covered with an insulator.
As shown in Figures 4 to 7, the third substrate transporting device 11
includes a first table 21, a second table 22, and a wafer-transporting mechanism 23.
Here, the third substrate transporting device 11 corresponds to the substrate
transport apparatus in this invention.

The first table 21 is a chuck table having a larger size than the workpiece

11



The two or more support pins 27a are spaced away at regular intervals on a given circumference of
the first table 21. That is, these pins 27a are provided on a movable table 50a. Specifically, the pin 27a
is movable upward and downward from a holding surface of the first table 21 via a cylinder 28a
coupled to the movable table 50a. Moreover, the tip of the support pin 27a is formed of an insulator, or
is covered with an insulator. A second table 22 has generally the same configuration as the first
table 21. Consequently, a letter of the alphabet "b" is merely given to the number of the same element.

A Wafer-tra%%p:%g:ﬁg\r}eﬁgftﬁg%ﬂ §g?i \%gdv(\?l‘?ha gt}&th?g%h@ 0h3 etggt f%%le&otp?%?/%n%ﬁ rizontally and

vertically. T ansporting mechanism rmed by a horizon ble table 31, a

support frarfurdéd an armopB fackiftingdehle Bde finst tabl srtipnfpariedOof a hEkki hauiawndgally movable
table 31 is slidingly supported so as to move horizontally along a pair of guide rails 35 arranged in

parallel. ThEASHZbAAMH)1H 508D 8881 S LS ANGEST gﬁé‘%ﬁﬁﬁ?ﬁﬁﬁfﬁlmra@@@%_shaﬂ that
rotates forwgapglibag .Wafﬂé)}’eﬁﬁre#;{régmsor %‘&&%H%ﬁ}i &S BFFSisaHRRdNs Rptizontally

movable table 31. As illustrate gures 6 and 7, a box-sh ase 33 Is connected to a middle
region of thevetkppene Yha rared3ansmi Bruetittran s biel34d sheicinglyl Isugported so as to move vertically
via an upright rail 39 on_the b Fe 38 b?/ a screw shaft that rotates in connection with a . motor 40. The

suction head 30 is Jt@éﬁréﬂrﬂgg &5 bt BCOmER! (RUPR LR RS IRL YRGHY R S2V12  The suction
head 30 hag g BfpfeehapRaYii fHiaPEFsIHINH P b BRvaiss 27 hat is, the suction head 30

suction-holds the outer periphery of the wafer 1. The outer periphery extends out of the exposed
surface on the surfadeesivde @f MasesafioL winsre/the e Hijsask eveRpalsegutaainienaisatiy of the wafer

1. Consequently, the suction head 30.h nANu uction groove 41 formed.qgn a lower edge of the
side wall A TL A PGB GG brod s L EamAa CAASE FUTH 20 G compressor
42 via a chanswidiertapre \wihin Hsesideamalltpagiviza rxasuabiehannalranderrfierene end of the

channel. Moreover, an individual channel is communicated with inside of the suction head 30. This
channel is prefded\@fing gxtceaffeths first table 21 via a cylinder 28a coupled to the

movable table 50a. Moreover, the tip of the support pin 27a is formed of an
insulator, or is covered with an insulator.

A second table 22 has generally the same configuration as the first table 21.
Consequently, aletter of the alphabet "b" is merely given to the number of the same
element.

A wafer-transporting mechanism 23 includes a suction head 30 that
enables to move horizontally and vertically. That is, the wafer-transporting
mechanism 23 is formed by a horizontally movable table 31, a support frame 32, an
arm 33, alifting table 34, and the suction pad 30.

The horizontally movable table 31 is dlidingly supported so as to move
horizontally along a pair of guide rails 35 arranged in parallel. The horizontally
movable table 31 is driven in a screw-feed manner by a screw shaft that rotates
forward/backward by a motor 36.

The support frame 32 is erected on the horizontally movable table 31. As
illustrated in Figures 6 and 7, a box-shaped base 33 is connected to a middle region
of the support frame 32.

The lifting table 34 is slidingly supported so as to move vertically via an

upright rail 39 on the base 38 by a screw shaft that rotates in connection with a

12



The suction head 30 is in communication with a second gas compressor 45 via an external channel 44
connected to a channel formed in the middle of the top portion. The second gas compressor 45
enables to switch between driving under positive pressure and driving under negative pressure by the
controller 80. Here, the external channel 44 is connected to an electromagnetic valve. The magnetic
valve enables to adjust a flow rate of gas passing through the channel. Moreover, the suction
head 30 has a heater 46 embedded therein. The heater 46 heats gas supplied to an enclosed space

between th ction h 0 H@S }"§H w1 cti i S rajure sensor 47.
The tem per%}%ﬂoer ggnsi?%%&f‘t%ﬁmmes te?% ﬁ%[et?actﬁjaroggbo%?g@sb ?s%%p%%é{d%%:{ﬁ%] ?%te%[al]{ﬁgﬁhead 30 with
the heater 4he liftintntasidison, a flange 48 is attached downwardly from the side wall of the suction

head 30. The flange 48 includes a displacement sensor 49 at a tip thereof. In this example, a laser

sensor is used for tHOLRIIEIRREHCRNESR Box FPARPRECHEIYIRE 40°Adhst Q& dshlacement of
e waler 1,8 e regeface Sl e NS SUCHER A Wil RSyl dgag 3 Th s, the
nd warp of the wafe e dis

displacement sensor 49 detects running a r 1. Here, t pflacement sensor 49
correspondevabeth. defetouiier therigkenypdetandkisuhwé ritierex posed suitt steatad e Bigiace 10, the

support-plate removing mechanjsm 12 includes an upright wall 55, a movable table 57, a movable
frame 58, aﬁgeaoafutg\?o%{%%t& Mﬂe tg?ﬁ(g'%%ﬂ)?é(?g £ %H%g% e WA Bodvnward along a

rail 56 providgAshq gy e RIEIYRLE BN HAY 8 ISAhGIF <lieflor] BroBlRVaPIR IRl & groves upward

and downward in a screw-feed manner by backward and forward rotation of a screw shaft 61 by a
motor 62. lowghedg® vhlthe Falaaved. is Agadhgsetecttie mMoveb® thelsusiosogieaeehdlddjustable in

level. The suction plate 60 is ajtached to a tip of an arm 59 that extends forward from the movable
irame 58. MOTUbEI A BHUR AT e SARRE e e84 S LR T, Moreover
the suction piafeRiniads aieaiarddnnd cosetisl ateshidnigurapd dnigid, theérasyeeparating
mechanism 13 includes a movable table 66 and a separation roller 68.
an individual channel is communicated with inside of the suction head 30. This
channel is provided with arelief valve 43.
The suction head 30 is in communication with a second gas compressor 45
via an external channel 44 connected to a channel formed in the middle of the top
portion. The second gas compressor 45 enables to switch between driving under
positive pressure and driving under negative pressure by the controller 80. Here,
the external channel 44 is connected to an electromagnetic valve. The magnetic
valve enables to adjust aflow rate of gas passing through the channel.
Moreover, the suction head 30 has a heater 46 embedded therein. The
heater 46 heats gas supplied to an enclosed space between the suction head 30 and
the wafer 1. The suction head 30 includes a temperature sensor 47. The
temperature sensor 47 determines temperatures of gas supplied within the suction
head 30 with the heater 46.
In addition, a flange 48 is attached downwardly from the side wall of the
suction head 30. The flange 48 includes a displacement sensor 49 at a tip thereof.
In this example, a laser sensor is used for the displacement sensor 49. The
displacement sensor 49 detects displacement of the wafer 1 from the rear face side
of the wafer 1 suction-held with the suction head 30. That is, the displacement

sensor 49 detects running and warp of the wafer 1.  Here, the displacement sensor
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The movable table 66 can slide forward/backward along a rail 65. The movable table 66 independently
moves in a screw-feed manner through a screw shaft 70 that rotates backward/forward with a motor
69. The separation roller 68 is attached to a support frame 67 that extends downward from the
movable table 66. The separation roller 68 can rotate on its axis. Specifically, an endless belt 79 is
suspended between a pulley 73 attached to a hollow rotation shaft 72 and a driving pulley 78 attached
to a driving shaft of a motor 74. Moreover, as illustrated in Figure 13, the separation roller 68 is

provided Wi% %ggﬁggaﬁérgﬂﬁﬁé&%ﬁﬁ% etg%ri‘(ﬁ,l(ﬁgg)lﬁﬁgpﬁs\llrgé{%nroller 68 is communicated with an

external suction separation rolle s covered with an elastic body. The suction

holes 71 are formedhatipesiig@ss ¢orrgpendngtie agamtaliar-sanoe ) andchstaaraton-termination

end of the double-faced adhesive éappe 3. Two or more holes are formed as the suction holes 71 on the
t

separation-SiaidssPR prieRh et Puee il iR, BmiauaRlsdrameH8.18ng #8HE9Tormed as the

suction hol PR the separation-termination end. The shape and number of the suction hole 71 may
late®0. . . 10le.

vary depending on size and shape of the double-faced adhesive tape 3. As illustrated in Figure 12,

the tape collecting Sewiomlble pabhadet dael onotieegeyachiod coilen6d cslamp e cidrb®ox.

Referring again.to Figure 2, the marking section 15 includes a.chuck table 75 and a laser device 76.
The chuck %‘%E?%Hﬁt%fﬂ@hw erd A e JKREons pk Fﬂ?é’?ﬁ%‘rﬁ?%e chasa

:\;V&;di?rgénsniﬁa/&e%\ﬁ% Ml eBvRERPIANAISAUN-FRIE T HE WRtsAck FHCHaRAN@IAvAEN the chuck
rotation of a screw shaft 61 by a motor 62.

The movable frame 58 is attached to the movable table 57 so as to be
adjustablein level.

The suction plate 60 is attached to a tip of an arm 59 that extends forward
from the movable frame 58. Moreover, a bottom of the suction plate 60 is formed
as avacuum-suction face. Moreover, the suction plate embeds a heater 63.

As illustrated in Figures 11 to 13, the tape separating mechanism 13
includes a movable table 66 and a separation roller 68.

The movable table 66 can dide forward/backward aong a rail 65. The
movable table 66 independently moves in a screw-feed manner through a screw
shaft 70 that rotates backward/forward with a motor 69.

The separation roller 68 is attached to a support frame 67 that extends
downward from the movable table 66.

The separation roller 68 can rotate on its axis. Specifically, an endless
belt 79 is suspended between a pulley 73 attached to a hollow rotation shaft 72 and
a driving pulley 78 attached to a driving shaft of a motor 74. Moreover, as
illustrated in Figure 13, the separation roller 68 is provided with suction holes 71 on
a surface thereof. The separation roller 68 is communicated with an external
suction device. Here, the separation roller 68 is covered with an elastic body.

The suction holes 71 are formed at positions corresponding to a
separation-start end and a separation-termination end of the double-faced adhesive

tape 3. Two or more holes are formed as the suction holes 71 on the
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The wafer delivery section 16 includes a suction pad 77 for suction-holding a rear face of the wafer 1
and the support plate 2. The suction pad 77 slidingly moves from a marking section 15 side toward a
delivery position to a fourth robot arm 17, and moves upward and downward. The fourth robot arm
17 of the fourth substrate transporting mechanism 18 is movable horizontally. Further, the fourth robot
arm 17 is turnable and movable vertically as a whole. The fourth robot arm 17 has a tip provided with a
U-shaped workpiece holder 17a of vacuum suction type. Next, description will be given of a series

of operation L SUUA e evINd dPYice b e alor fpenaring deee i reference (0

. 0] .
Figures 9 to . an operation section illus Igure 9 operates for vario settings. For

instance, seitigiis foadelagsianey/ aticisnchodititndsutie aspariagaiinerigimariatond.of e heater in the
preheating table 10, a heating temperature of the heater 63 in the support-plate removing device 12,

and a heatiSgPRSRPE ralveca ~h e aush ea kivlkeal dr@nvisey deeehifltie frst ZesiebdapRAecond table

22, and the I Ing temperature of the preheating table 10 is determined as
' tﬁH%‘E@l Bs f05,/253009 temp P 9
follows, for example. When the wafer'1 and the support plate 2 are joined to the double-faced

adhesive tape 3, atAesafiusithidtireFiguriel @ Xatedapelvetisdi tpee@ion thei sgwiovidleskipainds due to
pressures from ajoininﬁ] m?mber. In other words, upon completion joining, restoring force is
accumulatedfFreRe LSRR ShBRATACUETHR ¥ adhesive tape 3. Consequently, the restoring force

may cause slight WW&éﬂi%éﬁ&W%&?@?ﬂﬂ@Wﬁ@%ﬂBﬁ YRR bRRG GGk pRAEt plate 2

together. Then, warp of the workpiece W is corrected. Specifically, a temperature at which at least
either the reSiand alages dewibke/faced adhesive tape 3 is softened moderately is set such that the
workpiece W may bﬁ(}:)ome flat. Sinc éhe temperature and time yary_in accordance wi%properties of
the resin Ib and the euﬁ%u-? Cc %)f;edﬁ sﬁ’ﬁi&ﬁ%@% lggeug\é ?rth y a}lﬁ%i?g?rmi edhr gh
experimentpefoaiaiinakinga@vencs a twdamhesitio dedepaiatarehidpraciRpgitipkiegseparating
mechanism 12 is set in accordance with the double-faced adhesive tape 3 having the adhesion layer

3b with a héafededhaiual erdsertionr-hgtdavishiEhnsarstit@bls €et at which the double-faced adhesive
t 3f d 1eafi d iminates i hesion. thi le,
ape 3 foams an e*Rgn%ag&e t&)engﬁw;g@go%efgﬁﬁ&d@mg e%%tﬁeoagdz ,Sagr(’:]?i%? f olp_ is example

for example, heating temperatures Irst ta e second e suction head 30

are set to begtiioe-lwhdingraoede faktbetfiesithbld 2ihd shetoppoetal 6 2and Hessgetamgathble 22. Setting
of the heating temperature is not restricted to this order, but may be maodified pr_operlty in accordance
o]

with properfdSofitpalY By es HemmakingrEsherb v ieuatha Arkeery position fo a

fourth robot arm 17, and moves upward and downward.

The fourth robot arm 17 of the fourth substrate transporting mechanism 18
is movable horizontally.  Further, the fourth robot arm 17 is turnable and movable
vertically asawhole. The fourth robot arm 17 has a tip provided with a U-shaped
workpiece holder 17a of vacuum suction type.

Next, description will be given of a series of operation of the support-plate
removing device with the wafer transporting device with reference to Figures 9 to
22.

First, an operation section illustrated in Figure 9 operates for various
settings.  For instance, setting is made as for various conditions such as a heating
temperature of the heater in the preheating table 10, a heating temperature of the
heater 63 in the support-plate removing device 12, and a heating temperature and
time of each heater embedded in the first table 21, the second table 22, and the
suction head 30.

The heating temperature of the preheating table 10 is determined as
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First, the heating temperature of the first table 21 is set at a temperature at which the adhesive layer
3b of the double-faced adhesive tape 3 foams and expands together with the support-plate removing
mechanism 12. The heating temperature of the second table 22 is set such that the temperature
of the wafer 1 is approximately room temperatures. The heating temperature and time for the suction
head 30 are set more strictly than those of the second table 22. Specifically, when the suction head 30
contacts the resin Ib softened on the first table 21 to cool the resin directly, the heating temperature

and time arfael 4 (SMpeLaIeS A IRES, Al ich £uoligns i saiblied dndig cppiton, for

example, the softened resin oes not run or deform n weight-at an edge side of the

wafer 1. Sinksibhe fopad difhesas epiRectsaanimavithcbieuts sifairtoabifesisedad S detgemined through
experiments, simulations in advance. For instance, examples of the condition include a temperature

close to the' %é@rﬁ%‘ﬁﬂ?ﬁ_‘ﬁ %\%Hbﬂﬁ?ﬁ"@f tfﬁ@rPe%ik?'IBi 1Y) 5‘?&?@% cpmﬁmﬁgWﬁédéié&O_ﬂans_ition
temperaturey, ) of B x&go %‘%ﬂ&gf RHEQNS YR FIRIEE Fhs(gﬂé' cienAderayged in the

controller 80. Upon completion of Setting for the various conditions, the apparatus operates.

Firstly, the fiaibiebetedradhés Vied djes Bs u liSbresss bantlsp onemgstoa clgdioime riay caasetavgintd the cassette
Cl. The workpiece holder 5a at the tig end oéth_e first robot arm 5 is inserted between the workpiece W

housed in tHEEREL LR WPrKINES M SREEEH PN H s E FRGSHRRLAIRAVafer W and
transports theuipder WG iRatpe sunpetpkigieds heldianddiierded. Aligament s glso performed

in the transporting process. Then, the workpiece holder 5a reverses the workpiece W upside down to

direct the résinpe atteetveihiatisasiedher theoiesinelivorkbrdeubigdecshanlitarictiapadrkpiece W to
place it on the preheating table 10. At this time, the pins project qver the holding surface of the
Frat table, WP YL a1 BB S S 508D Il e SOy DRI s e, The
workpiece \fhdsgHptefuheih@t inevarghnaiitertrhte WitppdteareabetHe eriad ha wven

temperature. The temperature of the workpiece W is detected by a temperature sensor during
preheating flediladacethasbieaive (RBRpiSceewsrEaBIRYsAedgioEN Rerh RN €XPRS MBRpiece W is
moved upwg L}%% ' , the resin Ib or the double-faced adhesive tape 3 is softened slightly,
and restoring force in the resin Ib or the double-faced adhesive tape 3 is released. Consequently,
slight warp in the wotkplheszti My teraieninaie thtohbespbpoetr plate separating mechanism 12 is

set in accordance with the double-faced adhesive tape 3 having the adhesion layer
3b with a heat separation property. That is, a temperature is set a which the
double-faced adhesive tape 3 foams and expands due to heating and reduces or
eliminates its adhesion.

In this example, for example, heating temperatures of the first table 21, the
second table 22, and the suction head 30 are set to become lower in order of the
first table 21, suction head 30, and the second table 22. Setting of the heating
temperature is not restricted to this order, but may be modified properly in
accordance with properties of the resin to be used and shapes or weights of the
wafer 1.

First, the heating temperature of the first table 21 is set at a temperature at
which the adhesive layer 3b of the double-faced adhesive tape 3 foams and expands
together with the support-plate removing mechanism 12.

The heating temperature of the second table 22 is set such that the
temperature of the wafer 1 is approximately room temperatures.

The heating temperature and time for the suction head 30 are set more
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The workpiece W on the preheating table 10 is suction-held with the second robot arm 8 from a front
face side, and the workpiece W is transported onto the first table 21. That is, the second robot arm 8
suction-holds the support plate 2. As illustrated in Figure 14, the workpiece W transported on the
first table 21 is supported at the middle region thereof by the pins 27a projected over the table, and
then the pins 27a are moved downward. Consequently, the workpiece W is suction-held on the first
table 21 while the resin Ib is directed downward. At this time, the first table 21 is heated into a given

temperatue AR T SBIS A% SUbssmuan AR UsiIe A 1. the sucion

plate 60 of the Suppo removing mechanism 12" moves downward unti € contacts the

upper surfageneddiReeorgiech Biftehen shahwotikgiegsl &\2is toeaded thithadie beatalySthembedded in
the suction plate 60 in corporation with the heater 24a in the first table 21. Consequently, the adhesive

layer 3b withCABRGATRSSAMBAND IR AESTPREeRIBIEIeR R HanER whipe RIS expands
e 0 heatgn i SR B R Laistable A oseaylg 1 s fgdiesion.  Wiher

heating for a given time is complete e suction plate 60 moves upward the support substrate 2
is suction-hedfioras diestoaitischimrFigight1 . dr eaddgealtseda dif ebere/dbgret . 3bShacérthaencoadiiesion is

separated from the lower surface of the support plate 2. Accordingly, only the support plate 2 moves
. VEREPWR O S OB B WFREN e S SFTOte e bved. Here, on

the wafer 1e{figiiauiie-'3RRAABASSIYCtRRACE 'SP ThiFEXRARTDI IBpas agRaaiGh and has the

exposed adhesive layer 3b with the uneven surface. As illustrated in Figure 17, the separation roller 68
is moved fronal tele attanapsy Porstidaswiththe ghaanitienssiartitagnpecsitisn.of theieggnthe separation roller

68 stops at the separation starti nd. Mareover, the separation roller 68 rotates to control the
postion of L ERAA HHLE 4 &8 (bR oGy

nard for sucking the separation starting end of

the double-faced adhiesigi saBecking coHRRTLRSRHRISHREOh CoRtIPhd EERRHA®L RFshrisgparation roller 68
in the separation starting position, the cylinder operates to move the first table 21 upward to

appropr_iatel??ﬁ@@EQH@@@uble-faced adhesive_ tape 3 py the separati_on roller 68. Simultaneously, the
e e A A T IR R e

operates.  Firstly, the first robot aim 5 in the first substrate transporting

mechanism 6 moves toward the cassette C1. The workpiece holder 5a at the tip

end of the first robot arm 5 is inserted between the workpiece W housed in the

cassette C1. The workpiece holder 5a suction-holds the rear face of the wafer W

and transports the wafer W. That is, the support plate 2 is held and unloaded.

Alignment is also performed in the transporting process. Then, the workpiece

holder 5a reverses the workpiece W upside down to direct the resin 1b of the wafer

1 downward. Then the workpiece holder 5a moves the workpiece W to place it on

the preheating table 10.

At this time, the pins project over the holding surface of the first table,

whereby the preheating table 10 receives the workpiece W, and moves downward.

The workpiece W is suction-held on the preheating table 10, and thereafter is

heated to a given temperature.  The temperature of the workpiece W is detected by

atemperature sensor during preheating treatment.  When the workpiece W reaches

the given temperature, the workpiece W is moved upward by the pins. Here, the

resin 1b or the double-faced adhesive tape 3 is softened slightly, and restoring force

in the resin 1b or the double-faced adhesive tape 3 is released. Consequently,
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When the separation roller 68 moves across the separation termination end to the standby position,
the suction device is switched to positive pressure. Accordingly, air blows out from the suction holes
71 for separating the double-faced adhesive tape 3 from the separation roller 68 and collecting the
tape into the collection box in the tape collecting section 13. Subsequently, description will be
given of a process of transporting a wafer 1 with the flow chart of Figure 18. As illustrated in Figure 8,
the suction head 30 of the wafer-transporting mechanism 23 is moved into a position above the first
table 21. T ion h I iven .position | d ward into a given level. Then, as
illustrated i?’%ﬁﬁ%ﬁaﬁ%&v\%}r&eﬁ gfet\ﬂ{-:-g ﬁéﬁc’?ﬁ‘{ %‘g%%@oo fcﬁc?]n acts the outer periphery of the wafer 1

extending out of theTaspasechiodane o thiecvyatdeding atdlda ohipsareoexpgedith aheouter edge of
the wafer 1. In this condition, the first table 21 releases its suction-holding of the wafer 1 and the

suction heatPSHEEAROYERSIIRARTEHE fRes sideranddhepaskyiece W isdreiredtrdisitPead 30
S”Ction'h‘)'(?rﬁﬁtﬁ‘f%‘%@[e]Zﬁheﬁﬁéﬁtigqﬁ@g&gﬁdm&/&%%%ﬁmﬂ?ﬁﬁ%%ﬁrp?%t&he second

table 22, as in Figure 20 (S IEP S2). During transporting the watfer 1 as above, the
displacemeBt sensor 49 starts determining of the middle portion in the rear face of the wafer 1 (S IEP

S3). Detectionnéi'g_ Is from the _displacement sensor 49 are transmijtted to iEhe controller 80. The
controller 80 determiiet S FEHH] FMEUG 1EntBRWAIR A Vel anarRTiae AR ibeismigRlars, and

compares the CReA S IRE PG RIHE)H rarERerg TARe M%@%eﬁﬁfj'é&f&do%ﬁﬂ%&%?e,(STEp S4).

Specifically, where the actual measurement value is Smaller than the reference value, it is determined
that the wafndithers theip riodiaaied ey aludavndid. Figiarseouent|shitheagerkniegs Welss proceeds to

S I[EP 55A. In contrast, to this, where the actual measurement value is larger than the reference value,
itis determrﬁjecﬁ?Héqq?fqeo\vvg?grq%%ebl a?ﬁWb@%ﬁ?é?ﬁﬁu fgrgﬁg}ﬁ #ﬁgdtﬂ\ggﬂérfjnathl ég'ge, the process
proceeds tqiméEMRSHE tablelD1S dhBRBANHE gm’@iﬁQBﬁfp%%ﬁ@@iﬁtM§ﬁmﬂtﬂ1@ﬁéammpreSSOV 45

under negative pressure. That is, the second gas compressor 45 sucks only a given amount of gas
within the sB8tion head 30. The suction amount of gas is adjusted in accordance with deviation

beween a volume ol e AUEHon beaf 30 ALY ARFINAER AEEAIRISSNED e e

measurement value In level ot the wafer 1 and a volume that satisfies th rence value. Moreover,

during the agljpsirogidtabavieyihg misplatiemdatraenaoddormedet e she fsue airtsetsehe face of the
wafer 1, and the suction amount of Eﬁs is adjusted such that the level reaches the reference value.

In STEP SStPPEcHHRGR IR 6 SHEKRiEsany sed 580 P2R WOREPIER IV 45 hgaer pERiBressure. That
is, the secopd Q%S ANRERGET ¥ s\ DRES A AVED A ROKY Al SRRAtHR tRg Sushiomhirad 30. Where

pressure within the suction head 30 increases more than predetermined, gas is discharged from the
relief valve #8strégblingilin noaseqaematliyy thizewatieesiver haysu piliedi timbeaitrngf gagastaoijusted in

accordance with deviation between a volume of the suction head 30 already determined in accordance
ith the A U BES, T e T e oo AT rYe (e 10ANR & SRR ALE R roteronce
value. MOVQIQN%I"@%B@(JWEI%B@t%ﬂﬂhéh%aﬁﬂ@ﬂ?’%ﬂﬂﬁt?m IBRESPEdRdsigrmines a level of the
rear face of the wafer 1, and the suction amount of gas is adjusted such that the level reaches the

reference value. Th&/gaR keabngdpp iked YemiAnedis caraplatgi dnashgtier il engOeokesiter 46

embedded |n,the SUGHA0 1&ad, 3%t substrate 2 is suction-held, as illustrated in Figure 16.

Here, the adhesive layer 3b having no adhesion is separated from the lower surface
of the support plate 2.  Accordingly, only the support plate 2 moves upward.

The wafer 1 is held on the first table 21 from which the support plate is
removed. Here, on the wafer 1, the double-faced adhesive tape 3 remains that
expands to lose its adhesion and has the exposed adhesive layer 3b with the uneven
surface. As illustrated in Figure 17, the separation roller 68 is moved from the
standby position to the separation-starting position.

Here, the separation roller 68 stops at the separation starting end.

Moreover, the separation roller 68 rotates to control the position of the suction
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When the suction head 30 reaches a position above the second table 22, the suction head 30 moves
downward into a given level to contact to the rear face of the wafer 1. At this time, the second table 22
operates suction of the second table 22 heated into a given temperature, and the suction head 30
releases its suction-holding (STEP S6). Since the suction head 30 is heated into a temperature
lower than that of the first table 21 upon delivering the wafer 1 from the suction head 30 to the second
table 22, the wafer 1 is cooled into a target temperature. At this time, the wafer 1 is kept planar.

Consequerglyaip dys fo Aieencs N GBaTsied goefisienihenesndns fesin pipngthe bear chip
Ib is eliminated. Moreover, deformation or running o resin To'Is restricted by contact of the suction
plate, and taugtilesf scateadBdsars tafa@ir. The controller 80 monitors temperatures of the wafer 1 in
accordance with the detection signals from temperature sensor 25b. When the temperature of the

wafer 1 reaches rod?RBAPERIEHY OfheORERbA N ROSHRIMAE N BoTePaRdi BEt a8 d DB erirstly,
ion-holdj - : | { j 7 d d.
suction-ho %ﬂl&?ﬂ&ﬂfﬂg k@é‘tf&? f‘rﬁ‘t{ﬁ?g\%@é’ 8@%’ SRR RO r@ﬁ]aﬂ'ész% bR dnoved upwar

Then, the w 1 is spaced away from secon 22. Thereafter, the second robot arm 8 of the

second subtsiraiprupmatelyr jinesstbeldmilsia facaocadirediotispl e reatHa cepaf dahenwvafter K3and transports

the wafer 1. Subse uegt}lg/,hhe pins 27b are maved downward i%side of the second table 22. The
h

wafer 1 is pratt LR W B8 AVPS ANEH % PR QUL IRETYRECEY m 8 for
alignment bagedan e gRiahg THH eRiiBIe 2 BREAMEST P]ERESYY PRAISY QARrRAhexapsastsurface of the

wafer 1 is marked with laser. Upon completion of the marking, the second robot arm 8 again
suction-hol@saaretezifes doubhefeagbashesive tasos.arm 8 places the wafer 1 onto a wafer delivery

section 16. The wa&v 1 isﬁ‘lgwoved %Po%delive@é%)sition Orf a fourth rob?t arm 17 gﬁhile thqe suction pad
77 suction-holds th AR Bt éwé%reﬁ O’I‘ﬁseﬁ(,: ng %ﬁ%)%%oq atr%nl'? &8 holds the rear

face of the yafgle1s@RdoyOWeES dne W%ﬁ@ﬁhéeﬂ‘/@&ﬂesﬁﬂdww 20 pRidRed sledage. of the bear
chip Accordingly, air blows out from the suction holes 71 for separating the
double-faced adhesive tape 3 from the separation roller 68 and collecting the tape
into the collection box in the tape collecting section 13.

Subsequently, description will be given of a process of transporting a
wafer 1 with the flow chart of Figure 18. As illustrated in Figure 8, the suction
head 30 of the wafer-transporting mechanism 23 is moved into a position above the
first table 21. The suction head 30 in a given position is moved downward into a
given level. Then, asillustrated in Figure 19, a lower end of the suction head 30
contacts the outer periphery of the wafer 1 extending out of the exposed surface of
the wafer 1 where the chips are exposed to an outer edge of the wafer 1.  In this
condition, the first table 21 releases its suction-holding of the wafer 1 and the
suction head 30 starts suction-holding of the wafer 1 (STEP S1).

When the suction head 30 suction-holds the wafer 1, the suction head 30
moves upward to transport the wafer to the second table 22, as illustrated in Figure
20 (STEP S2).

During transporting the wafer 1 as above, the displacement sensor 49 starts
determining of the middle portion in the rear face of the wafer 1 (STEP S3).

Detection signals from the displacement sensor 49 are transmitted to the

controller 80. The controller 80 determines an actual measurement vaue in level
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la directed upward. While the wafer transporting mechanism 23 transports the wafer 1, the support
plate 2 is collected into the cassette Cl via another path. The support plate 2 removed by the
support plate removing mechanism 12 and suction-held on the suction plate 60 is suction-held by the
second robot arm 8 on the rear face thereof. The second robot arm 8 delivers the wafer 1 onto a
suction pad of the cooling mechanism 7. The suction pad suction-holds the rear face of the support
plate 2 and rotates the support plate 2. The cooling unit sprays air onto the surface of the support plate

2 n synehiopiagiMARLaNan SLAOR SuRionRack WIRD R AURRaI pAlE ? (RG0SR fra

temperatures as argéet tem re, air Stops being supplie € suction pad stops rotating.

The first robetepent & \aligE eletbotiinad tnsatiianeeqfSNER Saporigpkadidi 2ai by furhdiet e ppei plate 2 upside
down. Thereatfter, the first robot arm 5 houses the wafer into a given empty space of the cassette Cl.

As noted abBYRSUEERBRIH dVakUSHES STIRH 6 EoR JladEf eraresival e ol d afBeiditacH h@lofied hereinafter.
A ding t f I : | the first tabl
o e 1Y NSRS LD D

21, the first ta temperatures an b of the wafer 1 is in a softened
state. On therateestiargl, EhEBAhe Buctiotnasietad i, iwineratie attademesstatmmeniovabudhan that of the

first table 21, the annular lower end of the suction head 30 is brought info contact to the resin Ib. The
suction head86' IBNJRESIEERRE MLt (BIRErEry) fdl Hhakdha &J@?ﬂ%tﬂmﬁmure at which

no running gk NG<RgEY A ARJGEBLIoN ﬁfﬂﬁ%%f?ﬁ@?%&@'ﬁﬁ)&%é&% RYErpighRof the resin Ib at the

outer periphery of the wafer1. Moreover, since the displacement sensor 49 determines and

corrects appropriatéty GispfaSomethicotont oHIdB mnefaied thiresocafit gashromaressorigtkept planar.

As noted abmé% the wafer 1 is suctiﬁlp@?eld with the %suction head 30 !S)O as to elliminate warp of the
0

wafer or furflAg DPAUVE RIS e ¢ éssé%%ar} s compressor 45 sucks only a given

amount of gas within the suction head 30. The suction amount of gas is adjusted
in accordance with deviation between a volume of the suction head 30 already
determined in accordance with the actual measurement value in level of the wafer 1
and a volume that satisfies the reference value. Moreover, during the adjustment
above, the displacement sensor 49 determines alevel of the rear face of the wafer 1,
and the suction amount of gas is adjusted such that the level reaches the reference
value.

In STEP S5B, the controller 80 operates the second gas compressor 45
under positive pressure. That is, the second gas compressor 45 supplies a given
amount of gas within the suction head 30. Where pressure within the suction head
30 increases more than predetermined, gas is discharged from the relief valve 43,
resulting in no damage in the wafer 1.  The supplied amount of gas is adjusted in
accordance with deviation between a volume of the suction head 30 aready
determined in accordance with the actual measurement value in level of the wafer 1
and a volume that satisfies the reference value. Moreover, during the adjustment
above, the displacement sensor 49 determines alevel of the rear face of the wafer 1,
and the suction amount of gas is adjusted such that the level reaches the reference
value. The gas to be supplied is maintained at a given temperature by the heater
46 embedded in the suction head 30.

When the suction head 30 reaches a position above the second table 22, the
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Ib. Consequently, the wafer 1 is cooled until the hardness of the resin Ib exceeds its own weight of the
wafer 1, and thus no deformation occurs in the resin Ib. As a result, the wafer 1 is transported under a
planar state. Moreover, no running of the resin occurs on the outer periphery of the wafer 1. Thus the
wafer 1 has a uniform thickness and enables to be held horizontally during the subsequent dicing
process. Consequently, the wafer 1 enables to be diced accurately along a desired scrub line.
Moreover, the suction head 30 enables to transport the wafer 1 into a given position while heating the

wafer 1 at gy} RIPSIRINIS & BT, SOTSRAMSII AOYS e el haying ingheated resin

is transporte Istancé as In the convention aratus ransports wafer in a
non-contacttipavuier lthe Atafes tnms) thegescrrliasl elzavopitacs istsrienperstosadhaslét needs while
the wafer warps, and the warped wafer is not fixed. Moreover, when the wafer 1 has a diameter of

12cm or moré, RESEEbEe fFiBl1ERo IEPRAABRAIRNEo MR HFHAD raeedf 3it tEPHEaRInESvafer 1 and

transport thg_ﬂ [=INNE) gﬁeéb g a given path. Consequently, the wafer 1 contacts the side wall
for drop preven%;on an(ﬁ?:lgs is damaged. On the other hand, the apparatus according to the

example mentionedSainavihe satiles teadvalersihtatbe tndm sptertgenatone loeieg tbandbet] ofith the suction

head 30 having.a digmeter larger than.the wafer 1. Consequently, the wafer 1 is ensured to be
ansportod AT S AN A O PR TR HAISE e o S A BRSO s SERE dlemmonts. Tha

IS, no damagp) agoukpdWaRMAIE EdoliAntE A BRGEaleRdngURTent i BifHy eRIQRFE2Y be embodied

as the following aspects. () In the foregoing exemplary apparatus, the wafer 1 having an
approximatésykeiptpkanehapeosseqaegty fovapatiierio THikesnapd s expalisimticesf Foehistance, the

wafer 1 may be a molded.substrate havin dranglar shape, such as a rectangular shape and a
square shaégq.vYF%] i |E?ﬁ'tr{gl 8‘%@%?‘%?&??&%5@% hsc(#' Enéﬁg'drangrgpgﬁb?ﬁ%@ 2'h8h-contact
manner in Q@ﬁmﬁ@iiﬂﬁhwitbsthelﬁiﬁ@ﬂ&:ﬁ&@ﬂqﬂ/wﬁ&ﬁﬂ@f @@Qﬁﬁ@ﬂﬁb&té‘ﬂ%ﬁﬂaﬂﬁﬁﬂﬁd be damaged
readily when the wafer contacts the wide wall for drop prevention. On the other hand, in the exemplary

apparatus, W eaf&eMP@Rsuction head 30 are changed in size and shape so as to accommodate

the substrate. This %“%%gﬁy&[@%%m%%g%ﬁﬁe If a%igp%%&}%ﬁ/m%g}yﬁ&%ﬁﬁirst table 21,

the second table 22, and the suction hea er transporting mechanism 23 are formed into

a quadrangthe slesutiob et fignnatéonpenatyiieesaaptedh. Whep) ihethengaeanniarnf apparatus

mentioned above, the temperature sensor 47 determines the temperature of the wafer 1 suction-held

with the suMeie" h%égagl@gsmgm teRaeratresHipemeiee b salparst {rasa e seeddad¥emperature, the
wafer 1 is dghverg e, tag HeRAN] dRfY © PheIN CPBIAHEALQB M RUPE 2OIRNG Based, and

the pins 27b are moved upward. Then, the wafer 1 is spaced away from the
second table 22. Theresfter, the second robot arm 8 of the second substrate
transporting mechanism 9 suction-holds the rear face of the wafer 1, and transports
thewafer 1. Subsequently, the pins 27b are moved downward inside of the second
table 22.

The wafer 1 is placed on the chuck table 75 in the marking section 15 by
the second robot arm 8 for alignment based on a notch. Thereafter, a given outer
periphery portion on an exposed surface of the wafer 1 is marked with laser.

Upon completion of the marking, the second robot arm 8 again
suction-holds the wafer 1.  Then, the second robot arm 8 places the wafer 1 onto a
wafer delivery section 16. The wafer 1 is moved to a delivery position of afourth
robot arm 17 while the suction pad 77 suction-holds the rear face of the wafer 1.

Then, the fourth robot arm 17 suction-holds the rear face of the wafer 1,

and houses the wafer into the cassette C2 with an exposed surface of the bear chip
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(3) In the exemplary apparatus mentioned above, instead of using the heater 46 embedded in the
suction head 30, the temperatures of the gas may be adjusted within the channel. For instance, a
jacket for temperature adjustment may be attached on the channel 44. Here, warm water or cooling
water is switchably supplied into the jacket 51 through two tanks. (4) In the exemplary apparatus
mentioned above, the reference value in S IEP S4 for measuring warp of the wafer 1 may be set to
have a given dead band, for example, taking in consideration of differences in thickness of the wafer 1.
It will be apggﬁne&g&mﬁ?\faa(illed in the art that various modifications and variations can be made in
the present FAVention out departing from the spirit or scope of the invention. Thus, it is intended

that the present inveviios trveribe thepgitsatignaenanianationepiibissinnevigierpiovised they come
within the scope of the azppended claims and their equivalents. WHAT IS CLAIMED IS: 1. A method of

transportingd’BABRIER2 £ RYEsiRg into tﬁeﬂ%@r REPBNSURHIn-holding a substrate in a heated
condition with a bo Q@%ﬁﬁjg&@gfp@%\y@w@g ﬁ%ﬁﬁ%goﬂ%g@qﬁ%%w ubstrate into a

loading position, eing form hips arranged planarly with a

resin, danid gutteotrdrebg orti e S cenpbal 28 ( €3 ipltignetidttebyutiet seihe: imfpatuartio-held with the
suction head, the outer Jg@(ﬁé extendl ut of E%t ex osed urface of the substrate on a surface

side where He thRifeG fro}Wﬁw divers the water 1 onto a
suction pad of the cooling mechanlsm 7. The suction pad suction-holds the rear

face of the support plate 2 and rotates the support plate 2. The cooling unit sprays
air onto the surface of the support plate 2 in synchronism with rotation of the
suction pad. When the support plate 2 reaches room temperatures as the target
temperature, air stops being supplied and the suction pad stops rotating.

The first robot arm 5 suction-holds the surface of the support plate 2 to
turn the support plate 2 upside down. Thereafter, the first robot arm 5 houses the
wafer into a given empty space of the cassette C1.

As noted above, a round of operation is completed. The similar operation
isto be repeated hereinafter.

According to the foregoing exemplary apparatus, when the support plate 2
isremoved by the first table 21, the first table 21 is heated at high temperatures and
the resin 1b of the wafer 1 is in a softened state. On the other hand, since the
suction head 30 is heated at a temperature lower than that of the first table 21, the
annular lower end of the suction head 30 is brought into contact to the resin 1b.
The suction head 30 suction-holds the resin 1b, whereby the wafer 1 is cooled into a
temperature at which no running of the resin or deformation of the wafer occurs due
to its own weight of the resin 1b at the outer periphery of the wafer 1.

Moreover, since the displacement sensor 49 determines and corrects
appropriately displacement of the middle portion of the wafer 1, the wafer 1 is kept
planar.

As noted above, the wafer 1 is suction-held with the suction head 30 so as

to eliminate warp of the wafer or running of the resin 1b due to the softened resin
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the substrate being transported to the loading position while being kept planar by decreasing or
increasing pressure within the suction head with switching between supplying heated air into the
suction head sealed with the substrate and sucking the heated air from the suction head. 2. The
method of transporting the substrate according to claim 1, wherein pressure is applied within the
suction head by supplying gas having temperatures between a preset temperature in the unloading
position and that in the loading position, and the substrate is delivered to a transport position when

the resin is sgoled lou i AQERLETRELES 3] I MEHIREOliARoROHINg dhc gybsirate

according td claim ere displacement in level of the substrate during the

transport stip oanrtvadi tfasif elibevaics up pliedram oo ticbdaas tHotoarsustios resad br assction amount
of gas from the suction head is adjusted in accordance with detection results from the detector. 4.

The method 6FHrin &R WiREH tHe STIBSHRAE AL UAHBIRY RIRIIFFE: whEPERAver, no running of

the resin occurs on the outer periphery of the wafer 1. Thus the wafer 1 has a
uniform thickness and enables to be held horizontally during the subsequent dicing
process. Consequently, the wafer 1 enables to be diced accurately along a desired
scrub line.

Moreover, the suction head 30 enables to transport the wafer 1 into a given
position while heating the wafer 1 at a given temperature or more. Consequently,
although the wafer 1 having the heated resin 1b is transported by along distance as
in the conventional apparatus that transports the wafer in a non-contact manner, the
wafer is no longer cooled down into a lower temperature than it needs while the
wafer warps, and the warped wafer is not fixed.

Moreover, when the wafer 1 has a diameter of 12cm or more, it becomes
difficult to conventionally control a flow rate of air to float the wafer 1 and
transport the wafer 1 accurately along a given path. Consequently, the wafer 1
contacts the side wall for drop prevention and thus is damaged.

On the other hand, the apparatus according to the example mentioned
above enables the wafer 1 to be transported while being covered with the suction
head 30 having a diameter larger than the wafer 1. Consequently, the wafer 1 is
ensured to be transported on a given transportation path without contacting the edge
thereof to other elements. That is, no damage occurs in the wafer 1 upon
transportation the wafer 1.

This invention may be embodied as the following aspects.

(1) In the foregoing exemplary apparatus, the wafer 1 having an
approximately circular shape is atarget for treatment.  This shape is not limitative.
For instance, the wafer 1 may be a molded substrate having a quadranglar shape,
such as a rectangular shape and a sguare shape. It is difficult to control

transportation of the quadranglar substrate in a non-contact manner in comparison
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a temperature within the suction head is detected during the transporting step of the substrate, and a
temperature of gas to be supplied into the suction head is adjusted in accordance with detection
results from the detector 5. An apparatus for transporting a substrate, comprising: a transport
mechanism with a box-shaped suction head for suction-holding an outer periphery of the substrate
formed by molding two or more chips arranged planarly with a resin in a heated condition, the outer
periphery extending out of an exposed surface where the chips are exposed from the resin; agas

compressol i HEPNIPA 428013 6 suen oAk splat il AYOREEIS 1 gy the g from

the suction wgead; a heater for e gas supp € gas compfressor; a detector for

detecting diggldibewhat ihéewel @f dbatasbstaiei sootianoeldrby phevetction eadhaather  a controller
for adjustin%;t least either a supplied amount or a suction amount of the gas st detecting the
[

displaceme H’I@m@%&@@%@@%%@%@QB&Q$@W%iQﬂdﬂﬁ?ﬁ'-.ﬁe_lé'iﬁé’ ﬁ@%_%@trate with the
suction hea&z@%ﬂ&%% %@Sﬂ&%@ﬁﬁﬁ&&%’iﬂﬁ&ﬂﬂ%ﬁFﬂ%%%ﬁd%&"&é%ﬁﬁﬁ qpdread by the

gas compressor In accordance with detection results from the detector. 6. The apparatus for

transportingothiel aubsteatoaat aluivg toAdienmeby éythee dostekia@l, theasteomoketaile 2ensor for

JeteCing & T Zehion hetel 300 he s Grneporing mechaniam 23 46 formed into a
quadranglar shape. Such configuration may be adopted.

(2) In the exemplary apparatus mentioned above, the temperature sensor 47
determines the temperature of the wafer 1 suction-held with the suction head 30.
Then, when the temperature of the wafer 1 reaches a given temperature, the wafer 1
isdelivered to the second table 22.  Such configuration may be adopted.

(3) In the exemplary apparatus mentioned above, instead of using the
heater 46 embedded in the suction head 30, the temperatures of the gas may be
adjusted within the channel. For instance, a jacket for temperature adjustment
may be attached on the channel 44. Here, warm water or cooling water is
switchably supplied into the jacket 51 through two tanks.

(4) In the exemplary apparatus mentioned above, the reference value in
STEP $4 for measuring warp of the wafer 1 may be set to have a given dead band,
for example, taking in consideration of differences in thickness of the wafer 1.

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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the controller compares an actual measurement value of the temperature determined by the
temperature sensor with a reference value of the temperature determined in advance, operates the
heater in accordance with deviation determined, and supplies the gas having a controlled temperature
into the suction head.

WHAT ISCLAIMED IS:

1 A method of transporting a substrate, comprising:

atransporting step of suction-holding a substrate in a heated condition with
a box-shaped suction head in an unloading position and transporting the substrate
into aloading position,

the substrate being formed by molding two or more chips arranged
planarly with aresin,

during the transporting step, an outer periphery of the substrate being
suction-held with the suction head, the outer periphery extending out of an exposed
surface of the substrate on a surface side where the chips are exposed from the resin,
and

the substrate being transported to the loading position while being kept
planar by decreasing or increasing pressure within the suction head with switching
between supplying heated air into the suction head sealed with the substrate and
sucking the heated air from the suction head.

2. The method of transporting the substrate according to claim 1, wherein
pressure is applied within the suction head by supplying gas having
temperatures between a preset temperature in the unloading position and that in the
loading position, and
the substrate is delivered to a transport position when the resin is cooled

down into a given temperature.

3. The method of transporting the substrate according to claim 2, wherein
a detector detects displacement in level of the substrate during the
transport step, and at least either a supplied amount of gas into the suction head or a

suction amount of gas from the suction head is adjusted in accordance with
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detection results from the detector.

4. The method of transporting the substrate according to claim 2, wherein
a temperature within the suction head is detected during the transporting
step of the substrate, and atemperature of gas to be supplied into the suction head is

adjusted in accordance with detection results from the detector

5. An apparatus for transporting a substrate, comprising:

a transport mechanism with a box-shaped suction head for suction-holding
an outer periphery of the substrate formed by molding two or more chips arranged
planarly with aresin in a heated condition, the outer periphery extending out of an
exposed surface where the chips are exposed from theresin;

a gas compressor for supplying gas into the suction head sealed with the
substrate or sucking the gas from the suction head;

a heater for heating the gas supplied from the gas compressor;

a detector for detecting displacement in level of the substrate suction-held
by the suction head; and

a controller for adjusting at least either a supplied amount or a suction
amount of the gas by detecting the displacement in level of the substrate during
transporting while suction-holding the substrate with the suction head, and
switching positive pressure and negative pressure within the suction head by the gas

compressor in accordance with detection results from the detector.

6. The apparatus for transporting the substrate according to claim 5, further
comprising:

atemperature sensor for detecting a temperature of the suction head sealed
with the substrate, wherein

the controller compares an actua measurement value of the temperature

determined by the temperature sensor with a reference value of the temperature

26



determined in advance, operates the heater in accordance with deviation determined,

and supplies the gas having a controlled temperature into the suction head.
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