SEM CONDUCTOR WAFER TRANSPORT METHOD AND SEM CONDUCTOR WAFER TRANSPORT
APPARATUS BACKGROUND OF THE | NVENTI ON [0001] (1) Field of the Invention
[0002] This invention relates to a sem conductor wafer transport method and
sem conductor wafer transport apparatus for transporting a sem conduct or
wafer. More particularly, this invention is directed to a technique of
transporting a heated sem conductor wafer. [0003] (2) Description of the
Rel ated Art [0004] In recent years, a sem conductor wafer
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have a thickness of several tens mcroneters wth a nee or a high-density
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may be damaged fro process, which

| eads to reduced manufacturing efficiency. [ 0005] A dicing process is
perfoinmed to the wafer having a circuit already forned thereon prior to a
back grindi ng process, mherebé only non-defective bear chips are sorted.

The bear chips are fixedBAGK D QF IREBNYENEH3Nonal array on an

adhesi on sheet joined to a carrier substrate. Here, an el ectrode surface of
t he bear chi pl0091h(h)dieldaf thovinvientén Then, the bear chips are covered with a
resin for renewal of the wafer in a wafer shape (hereinafter, referred to
as a "renewed[0082EThis,inemtion hedatssitasd seatieoriducwe pafatiedsioromethoe angénewed

waf er. Thereafter, back grinding is perfornmed to the wafer on an opposite
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. particularly, this invention is directed to a technique of transporting a heated
semiconductor wafer.

[0003] (2) Description of the Related Art

[0004] 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 a
need for a high-density 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, which
leads to reduced manufacturing efficiency.

[0005] A dicing process is performed to the wafer having a circuit already formed
thereon prior to a back grinding process, whereby only non-defective bear chips are
sorted. The bear chips are fixedly arranged in a two-dimensional array on an adhesion
sheet joined to a carrier substrate. Here, an electrode surface of the bear chip is directed
downward. Then, the bear chips are covered with a resin for renewal of the wafer in a
wafer shape (hereinafter, referred to as a "renewed wafer"), and the substrate is separated

from the renewed wafer. Thereafter, back grinding is performed to the wafer on an

opposite side of the electrode surface. The thinned renewed wafer is adhesively held on



aring frane via a support adhesive tape, and transported to a dicing
process where the bear chips are diced fromthe resin. See Japanese Patent
Publ i cati on No. 2001-308116. [ 0006] Rei nforcenent of the wafer

i ncl udes anot her aspect as under. That is, for providing rigidity to the
waf er thinned through back grinding, a support nenber for reinforcenent
having a | arger dianmeter than the wafer is joined to the wafer via a
doubl e- faced adhesive tape. An adhesive is adopted in the double-faced
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adhesi on due to foam ng and expansion fro ting. apanese Pat ent
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together via. a dngle-faced adhesi ve tape having a heat separation
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substrate, resin expands due to heating. In other words, the resin has
expansi offitforemicnt kavingw Igrger diammtertthan the avaferhs pinado dlosserfer siance t he resin
has hi gher expansi on coefficient than the bear chip, the resin naturally
has hi ghéoubdhifacak adjeesivaeartco @onddhagve hadopted ibeerdoabicpfaced adhesifORPO]
Consequently, the renewed wafer placed on the holding table under a cooling
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war ped due to difference of shrinkage between the bear chip and the resin
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resin, which leads to reduced rigidity. As a result, there arises a problem
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[0008] In addition to the above aspect of the wafer, the renewed wafer and the
substrate are joined together via a double-faced adhesive tape having a heat separation
property. In this case, when the renewed wafer is separated from the substrate, resin
expands due to heating. In other words, the resin has expansion coefficient higher than
the bear chip. Moreover, since the resin has higher expansion coefficient than the bear
chip, the resin naturally has higher shrinkage due to cooling than the bear chip.
[0009] Consequently, the renewed wafer placed on the holding table under a
cooling state is cooled rapidly in a short time, and the renewed wafer may be warped due
to difference of shrinkage between the bear chip and the resin associated with
temperature changes. Alternatively, cracks may occur in the resin, which leads to
reduced rigidity. As a result, there arises a problem that damages of the bear chip and
handling errors for the renewed wafer may occur.

[0010] When the support member is separated with heating from the wafer

subject to a back grinding process and the double-faced adhesive tape remains on the



wafer, rapid cooling of the wafer in a short tine may lead to largely

war ping of the wafer due to difference in shrinkage between the

doubl e-faced adhesive tape and the wafer associated with tenperature

changes. Accordingly, such warp may cause the wafer to be damaged.

[0011] Mbreover, a tenperature of the wafer gradually decreases to a given

tenperature with one holding table, processing is suspended prior to a

cooling step, which results such di sadvantage as reduced treat nent
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apparatus for transportin senicquuc%or waf er that allows efficient

cool i ng AFsPHaKE EHSERCRHER shanees.  Accorgipgly) Suphiverp maseRSribe el des a

sem conduct or wafer transport nethod for transporting a sem conductor wafer
covered W f#magedesin or an adhesive tape. The nethod includes prelimnarily
cooling of the sem conductor wafer under a heating state during

transport ati otPld] ¥Marewler,rgempagbire of the wat@Qt4dualiy docdisey td @ givieh s net hod,
the sem conductor wafer under a heating state is prelimnarily cool ed

during t teanepouteatittoomedivlding kabixs perdesdin®is spgichdedConGaguanbliyg stthe
sem conductor wafer is gradually cooled until reaching to the cooling

st age. T%ﬁchﬁ@%lt@‘é@élﬁdi&iﬁvbﬂ%?&@s RbuddaardaBid eHicidlte. adhesiaMeellarg Jhaving a
hi gher thermal expansion coefficient than the sem conductor on the hol di ng
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sem conduct or wa may revented that occur ue to ence in

shrinka%glgg%ﬂﬁ%n the resin or the adhesive tape and the sem conduct or
OIlil 101, . .

waf er . reover, damages in the sem conductor wafer due to the warp may

al so be prevented.

SUMMARY OF THE INVENTION

[0012] This invention has been made regarding the state of the art noted above,
and its primary object is to provide a method and apparatus for transporting a
semiconductor wafer that allows efficient cooling with no damage thereon.

[0013] This invention discloses a semiconductor wafer transport method for
transporting a semiconductor wafer covered with a resin or an adhesive tape. The
method includes preliminarily cooling of the semiconductor wafer under a heating state
during transportation to a cooling stage.

[0014] According to this method, the semiconductor wafer under a heating state is
preliminarily cooled during transportation on a transportation path. Consequently, the
semiconductor wafer is gradually cooled until reaching to the cooling stage. This may
avoid shrinkage of the resin or the adhesive tape having a higher thermal expansion
coefficient than the semiconductor on the holding table due to rapid cooling in a short

time. As aresult, warp of the semiconductor wafer may be prevented that occurs due to



[ 0015] Moreover, time for lowering a tenperature to a given value in the
cooling stage is shortened through prelimnarily cooling the sem conductor
waf er. Accordingly, a processing tine may be shortened that is necessary
for transporting the sem conductor wafer subjected to desired processing
out of each processing step. [ 0016] Mbreover, prelimnary cooling
may be conducted through blowing air froma nozzle provi ded above the
sem conductor wafer that passes on the transportation path. Alternatively,
prelimn - | 89; - hl.ow j
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Al ternatvely,.prelim.nary coaling.nay be copducted,.through blow ng air
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[0017] Moreover, prelimnary cooling is preferably controlled as under.
That is, PWHEH®t'he seni conductor wafer under a heating state at a given
tenperature is cooled to a target tenperature, a correlation between a
cool i ng t enpel0dal Mospryes himaies v eametaempergiyse b 2 giyen yalve &1 the coalieg i s
determ ned i n advance such that a warp amount of the sem conductor wafer
falls w sthgais sheitaned thranglepreimietridy torlingghe strsicanduetnpevadtur é caodirgly,
transportati on speed of the sem conductor wafer in the transport process,
and at | easicesmg thfie may dopkomddined ¢ha idhaefdhomfor atsspoftingl the seipiebh@dtdronar ds
t he sem conductor wafer and a transportation speed of the sem conductor

waf er i sweRpttbdtediol desREéEModaRmg ot bheAd8tRedek i sigsul t's. [0018]
Prelimnary cooling is controlled in such a manner, whereby the resin or

t he adhesive : far j [ hat the
sem conduct orm@\%g!f Wegeﬁﬁgx%gﬁﬁ?ﬁﬁgﬂgy\ygr?oﬁ%%éeﬁ%fb@l gﬁﬂ%ﬂégﬁk even when
t he sem f. iffers fromthe resi r._the adhesive pe in
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[0019] This invention also discloses sem conductor wafer transport

appar at uéaspertatioapagvioapda seas &ve ob Hasemasondueter watsver AlerptiYeln resin or an
adhesive tape. The apparatus includes a wafer transport section, a

prel i m nenelimirsoy cemingoray ks candhoed thrgugt bigwingaidsimuttedoasly fidve uppdrer
transport section transports the sem conductor wafer uner a heating state.
The pr el ami loarysidaalfithgsanozanductor @agerai r t owar ds the sem conductor wafer
transported with the wafer transport section. The hol di ng stage nounts and

hol ds the senjoeeMdMetQ@FveMBi&IimiRES! doBliRAIs Pr¥fef®8) &hirollBEaSQRler TiRRlis the
sem conductor wafer on the hol di ng stage.
when the semiconductor wafer under a heating state at a given temperature is cooled to a
target temperature, a correlation between a cooling temperature and shrinkage of the resin
or the adhesive tape is determined in advance such that a warp amount of the
semiconductor wafer falls within a given range. A detector detects a temperature and a
transportation speed of the semiconductor wafer in the transport process, and at least any
of a temperature and a flow rate of air supplied towards the semiconductor wafer and a
transportation speed of the semiconductor wafer is controlled in accordance with
detection results.

[0018] Preliminary cooling is controlled in such a manner, whereby the resin or

the adhesive tape may gradually be shrunk for a given time such that the semiconductor



[ 0020] According to this configuration, the sem conductor wafer under a
heating state is gradually cooled on the wafer transportation path with air
until reaching the holding stage. Accordingly, the foregoing method may

sui tably be inpl enented. [ 0021] Moreover, the wafer transport section
in the foregoing configuration may includes a first blowoff section and a
second bl owoff section on a transport surface thereof, the first bl ow off
section at a center portion of the wafer transport section blows air
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has a give clearance in the senicopductor wafer w dth direction for
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surface | arger than the sem conductor wafer, and controls travel of the
seni condfeuesesnafemsedieathyhegamaythersyppressed Wamages ant handling gypits efither om t he
prelimnary cooling nozzle, the first blowoff section, and the second

bl ow- of f saseicendyator S@ddr. confi gurati on may be adopt ed. [ 0022] Accordi ng
to this configuration, the sem conductor wafer nmay be prelimnary cool ed
from upper anpoi19WEhissShvbasonbisb dideRisegsehtiadiipotol edfdrradsperappariacbr manner
with the wafer transport section. Consequently, this configuration may
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of the sem conductor wafer, which may suppress warp of the sem conductor

waf er w {8 rhd @Piulitd ¥Ywafer trans&bp[%gtlon-rg?rél%ﬁ&ge%gggg Rb3 A3 AR, PT ef er ably

i ncl udes two or nore tenperature sensor a sp ector, a nenory, and a
controll&g etect. a t rature of the

he t r re erature sensors enpe
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tenmperature of tfhe m conduct or fer qn the holdin abl e. The speed
det ect or @ HEBESHIG ?ﬁ’éﬁﬁ)‘b‘ﬂ“&ﬂ W\f\@ﬁé‘@@q‘ép}"t"‘f?@"s@?ﬁaf,‘%ﬁ %‘W@)‘F‘W@P@F bei ng
transported with the wafer transport section. The nenory nenorizes a
corr el at Valer ganspespd withdl Walgr trengpertaeeiian. andedioiding sigec wourtsend belds or t he
adhesi ve tape such that a warp anount of the sem conductor wafer falls
wi t hi n athgisemivondunge wafenprehmiseily corledictTire auateecoolnder seaiteductog st at e at
a given tenperature is cooled to reach a target tenperature. The controller

cont r ol swafet enpiertalding stage.t he sem conductor wafer through detecting the
tenperature and the transport speed of the sem conductor wafer transported
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detector, and selecting a condition for changing setting of at |east any of
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det ect | Otpolgli%é %latgg.' Accordingly, the foregoing method may suitably be implemented.

[0021] Moreover, the wafer transport section in the foregoing configuration may
includes a first blow-off section and a second blow-off section on a transport surface
thereof, the first blow-off section at a center portion of the wafer transport section blows
air vertically against a rear face of the semiconductor wafer along a transport direction of
the semiconductor wafer, the second blow-off section blows air obliquely against the rear
face of the semiconductor wafer in a semiconductor wafer width direction, in which the
wafer transport section has a give clearance in the semiconductor wafer width direction

for transporting while floating the semiconductor wafer on the transport surface larger



[0024] This nethod may realize reduced shrinkage of the sem conductor wafer
relative to the resin or the adhesive tape associated with variation in
cooling tenperatures as well as suppression of a warp anmount of the
sem conductor wafer with reliability. [0025] It is to be understood
that both the foregoing general description and the follow ng detail ed
description are exenplary and explanatory and are intended to provide
further explanation of the invention as clainmed. BRI EF DESCRI PTI ON OF THE
DRAW N(Btha? the &ﬂg&@g\c{gp@va?e(fC&%@P%blﬁgra%lad’f'tﬂ@?e'miw{éﬁxgto?K)&férr?ﬁ;t]oﬂgﬁd to

g of t pora

provi de a further understandin e invention and are I ncorporated in

and consti.tute art. of this,specifjcation, illustrate,enbodi ments of the
Mventt onibdlid £08Fie Bt oi v RE L LB R PE et VBhE BORBIRT el he

rincipl of ..t he. i nventi on. 0027] Figure 1. is a plan view show ng a
Whol & ¢ oﬁ1?>?”g%€f St5toR- tiaﬁ peread B?“é-e{?é%ﬁ 5 RnTigusR AN FRMK be adopted. [ 0028
Figure 2 is a side view of a,mnrﬁpiece having a carrier joined to a
seni conduct or [MARbAccqrdmed this genfesusation, tesemiqosfugtonvelsr oraytbhe

sem conductor wafer, [0030] Figure 4 is a plan view of wafer transport
appar at upteliminary cooled from upper and lower sides while being transported in a non-contact

manner with the wafer transport section. Consequently, this configuration may
eliminate difference in temperature between the surface and the rear face of the
semiconductor wafer, which may suppress warp of the semiconductor wafer with
reliability.

[0023] The foregoing configuration preferably includes two or more temperature
sensors, a speed detector, a memory, and a controller. The two or more temperature
sensors detect a temperature of the semiconductor wafer transported on the wafer
transport section and a temperature of the semiconductor wafer on the holding table.
The speed detector detects a transportation speed of the semiconductor wafer being
transported with the wafer transport section. The memory memorizes a correlation
between a cooling temperature and shrinkage of the resin or the adhesive tape such that a
warp amount of the semiconductor wafer falls within a given range when the
semiconductor wafer under a heating state at a given temperature is cooled to reach a
target temperature. The controller controls a temperature of the semiconductor wafer
through detecting the temperature and the transport speed of the semiconductor wafer
transported with the wafer transport section by the temperature sensors and the speed
detector, and selecting a condition for changing setting of at least any of a temperature
and a flow rate of air supplied toward the semiconductor wafer and a transport speed of

the semiconductor wafer in accordance with detection results.



[0031] Figure 5 is a side view of the wafer transport apparatus. [0032]
Figure 6 is an explanatory operation view of a holding table. [0033] Figure
7 is a sectional view of a wafer transportation path. [0034] Figure 8 is a
pl an view of a holding table. [0035] Figure 9 is a plan view show ng the
surroundi ng of the holding table. [0036] Figure 10 is a front view show ng
the surrounding of the holding table. [0037] Figure 11 is a side view
showi ng a carrier renoval mechanism [0038] Figure 12 is a perspective view

of a separat ' gll“h%rmet od mag ]xéa?lgg ?Jducecg%fwélig%e ?ta’[g? semlconc?uc XpI ?at ory
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as well as suppression of a warp amount of the semiconductor wafer with reliability.
[0025] 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

[0026] 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.

[0027] Figure 1 is a plan view showing a whole configuration of apparatus
according to one embodiment.

[0028] Figure 2 is a side view of a workpiece having a carrier joined to a
semiconductor wafer.

[0029] Figure 3 is a sectional view of the semiconductor wafer,

[0030] Figure 4 is a plan view of wafer transport apparatus.

[0031] Figure 5 is a side view of the wafer transport apparatus.

[0032] Figure 6 is an explanatory operation view of a holding table.

[0033] Figure 7 is a sectional view of a wafer transportation path.

[0034] Figure 8 is a plan view of a holding table.

[0035] Figure 9 is a plan view showing the surrounding of the holding table.

[0036] Figure 10 is a front view showing the surrounding of the holding table.



[0041] Figures 18 to 20 are explanatory views each show ng operation of the
waf er transport appar atus. [0042] Figure 21 is a front view of an
air nozzle for prelimnary cooling according to one nodification.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0043] One enbodi nent of this
invention is now to be described below wth reference to the draw ngs.

[ 0044] Sem conductor wafer transport apparatus of this invention is
provided in a carrier renoval device. As shown in Figure 2, the carrier
renmoval devic I - waf er . in r,. appropriately
referred to a§H§9P§g§€$f%ﬁgﬂ%%fﬂgg%hgﬁﬁﬁg}%%%%Hégﬁgﬁﬁ?%%%ﬁgpier 2 follned
of a stainIeSﬁ%QFEFI a.?Iass subétrate, or a siIiCﬁn substrate. The

sem conduct or 181 L2 RREP LS AN | AP HETIR Fs er 2 via a

doubl e-f aced Eﬂagfgye t%§e 3. Here, the carrier 2 has a shape aPproxinater
simlar to th jeutes I3 pdd4re exnlanatars Vigesch ShowiRE QREraiiARAT t he waf er
1. [0045] Here, the wafer 1 is forned as follows. That is, bear
chi ps | al¥MYWiE @R CT¥I-ci ng process is perfolined are inspected after
circuit formation on a wafer surface for sorting out only non-defective
bear chi ps | al00¥BeFigoresdéftedt iavecipbantahiviesvskaclaswing opadlign af r anged in a
t wo- di nensi onal array on the doubl e-faced adhesive tape 3 joined to the
carri er &pamsingha@donblerfadddgidhesiis tape.t h el ectrode surfaces thereof being

di rected downward. Moreover, the bear chips la are covered with a resin |b,
which are renﬁ)ﬁﬁﬂbngﬁl%sqg’%@@@%@@@@ﬁmmry views daPIPGRIwiNOWperai£6£ hB9 again to
Figure 2. The doubl e-faced adhesive tape 3 includes a tape base material 3a
havi ng ap.adhe .%ﬁ*@gxﬁﬁm3b and an adhesive | ayer 3c on opposite surfaces

t her eof . The adhesi ayer 3b with a heat separation property loses its

dhesi d ' nd [ fr. h [ . Th d [ | 3
S it ravi of cloodth BBPER R FHRES A ek B @O B 1 ng by

irradiation with ultrayvjolet rays, or a non-ultraviolet curable type and
pressure@§€ﬁ%?3VV%W’ﬁ%%f°¢§W*the carrier 2 is joined to the adhesive |ayer
3b of the doubl e-faced adhesive tape 3, and the wafer 1 is joined to the
adhesi ve | ayer 3c.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0043] One embodiment of this invention is now to be described below with
reference to the drawings.

[0044] Semiconductor wafer transport apparatus of this invention is provided in a
carrier removal device. As shown in Figure 2, the carrier removal device removes a
semiconductor wafer 1 (hereinafter, appropriately referred to as a "wafer") prior to back
grinding from a carrier 2 formed of a stainless steel, a glass substrate, or a silicon
substrate. The semiconductor wafer 1 is joined coaxially to the carrier 2 via a
double-faced adhesive tape 3. Here, the carrier 2 has a shape approximately similar to
the wafer 1, and has a diameter equal or larger than the wafer 1.

[0045] Here, the wafer 1 is formed as follows. That is, bear chips 1a to which a
dicing process is performed are inspected after circuit formation on a wafer surface for

sorting out only non-defective bear chips 1a. The non-defective bear chips 1a are



[0047] Figure 1 is a plan view of carrier renoval apparatus according to
this invention. Figure 4 is a plan view of wafer transport apparatus, and
Figure 5 is a front view thereof. [ 0048] The carrier renova
apparatus includes a wafer supply/collecting section 4, a first wafer
transport nechanism 6, an alignnent stage (aligner) 7, a second wafer
transport mechanism 9, wafer transport apparatus 10, a carrier renoval
mechani sm 11, a tape separation mechanism 12, a tape collecting section 13,

a mar Ki nﬁx&ﬁ?%ﬁ@xﬁgéﬁn a@w%ﬁ@m?&{ail Uithy ﬁrgf}%iocl%;ﬁblje%ac&péhh@%igfmaﬁng 3 afn%{i to

transport nechanism 17. waf er supp ecting section S cassettes

C and cass S t here the . cassettes. housi ng wor kpi eces W
each for§§H$§%§fh§2ﬁg§§?5%%§ﬁg§tWgﬂgb Q??%?%E ?b@ﬁﬁgi%%g%a¥%§@@§ housi ng
the wafers 1 and e carrjers 2. .respectively. The first wafer transport
mechani s fiPEIHES aw(?rfi%‘fer’rthﬁé‘farﬁb‘rﬂsg? aiOVEEIoN st 1% Wﬁ}@b@w ehf¥dani sm 9
has a second rgbot arm 8. The carrier renoval nmechanism 11 renoves the
carrier Y9 p8fR§38R%afer 1. The tape separation mechani sm 12 separates and
removes the doubl e-faced adhesive tape 3 fromthe wafer 1 fromwhich the
carrier 2 is [946) oW, Tieringpgaiodd Fepré Ag Teodouble-i@ecd adlicsvesapdie separ at ed
and renoved doubl e-faced adhesi ve tapes 3. The marking section 14 marks the
waf er 1. inThele$ hiapd basf eatetinldsipoitg aechasive mydr73thas @ 4dheside 19BoO3c & M 16.
Next, each mechanismw || be described in detail. [ 0049] The wafer

suppl y/ copposiié butgcsetiletcdn ATRASIHVRe EAS5 S Weh aPlealitparaibR e}dpeﬁ}/ fgyeqnd two
cassettes C2 on a collection side that are arranged in parallel. The

casset { €itAaagius e APToaARRY Ald hphfio FhAMealIBRNCTL RACMOL KRECEER W Wi th Lhe

wafer 1 and the carrier 2 7] olned together e carrier 2 1s directed

d q .waf 1. hari | Ly in. t.ack
ownwar d,, trg?ﬁ(laeq ﬁ@?fe&?p%@%ﬁ%ﬁ% iR Fon qub E)Iecﬁgﬂft; ﬁ%\lfgadéQEO%rVg]&}? ,? SU? ? ggg of

from whi ch . renoved an |

Eg?r Pg?gu]%gl i(%ffit lﬁ%ﬁ? é{‘{qe?(}glﬁgﬁltrgei\éfeggkra-r Eﬁgé ghne;{ pr%?s%?eggéngiti%. h’?}lfastef\ss, tlrlee moved
carrier 2 is joined to the adhesive layer 3b of the double-faced adhesive tape 3, and the
wafer 1 is joined to the adhesive layer 3c.

[0047] Figure 1 is a plan view of carrier removal apparatus according to this
invention. Figure 4 is a plan view of wafer transport apparatus, and Figure 5 is a front
view thereof.

[0048] The carrier removal apparatus includes a wafer supply/collecting section 4,

a first wafer transport mechanism 6, an alignment stage (aligner) 7, a second wafer
transport mechanism 9, wafer transport apparatus 10, a carrier removal mechanism 11, a
tape separation mechanism 12, a tape collecting section 13, a marking section 14, a wafer
deliver section 15, and a third wafer transport mechanism 17. The wafer
supply/collecting section 4 has cassettes C1 and cassettes C2 mounted thereon, the
cassettes C1 housing workpieces W each formed of the wafer 1 and the substrate 2, the

cassettes C2 housing the wafers 1 and the carriers 2, respectively. The first wafer

transport mechanism 6 has a first robot arm 5. The second wafer transport mechanism 9



[ 0050] The first robot arm5 of the first wafer transport nechanism®6 is
reversi bl e, and novable horizontally. Further, the first robot arm5 is
turnabl e and novabl e vertically as a whole. The first robot arm5 has atip
end provided with a U shaped workpi ece hol der 5a of a vacuum suction type.

[ 0051] The alignnment stage 4 perforns alignnment on the workpiece Wthat is
transported and placed thereon by the first wafer transport nmechani sm 6,
based on a notch or an orientation flat formed at an outer periphery of the
wor kpi ec 2] . The, second robot arm 8 of, the wafer transport
mechani srﬁﬁis\éy 5 o%{/%gf)gn Sri ?%enfaéﬁ Py'e nﬁeﬁgltlﬂgcﬁamtsﬁleﬁrrg%tv esaﬁfhﬁférr 1% Qt ur nabl e
and novahl e verti.cally_ as a whol e. The.second robot arm 8 has a tip end
provi ded \W’t%e yafgr haé@a (R SeParAYe T EeChARisg} ?gs‘?}’&&ﬁ‘i?rﬁ“éli@?%?? tla“?pe.

[0053] As shown in Figures 4 and 5, the wafer transport apparatus 10

i ncl udesdutiesfased gdhashiedapes? framihe siafar llrep avhichse cpmier 295 remayedl i ng st age
20, and a transportation stage 21 that are positioned on a sw ngi ng novabl e
t abl e 22Thefspe coll¢nting sedtiond 3s0leds 4@ separnied pod denewedaloiblesfacdicddiiesige st age
in this invention. The transportation stage 21 corresponds to a second

hol di ng tipag® i Thd inbckingweenidn dhmarks the waf@Q54ThEhierdehfir agndpall e 18 is a
nmetal chuck table. The holding table 18 is in conmunication with an

ext er nal meéaieanisin IR uhLLthvidaoBotaanse!l Nekhabhch siechhnh@hdbogedcAbBbLinl 8 _
suction-hol ds the placed workpiece W The holding table 18 is provided with

a suctiofetpgidd 23 and two or nore support pins 24. The holding table 18 is
noved upward and downward via a cylinder 85. Here, the holding table 18 is

o ™. RS Bhe RS TP LTE T A PRGOS TGEI S
E/:létﬁml Sﬂéf? ngq.lgvsté(fﬁa}sgég gkllrzfogfllcaecorlrlte)zzlt?ot;lI s(?deu Ex\évtazgrg a?rggge %m\é\%ﬁlgl.l %Jeocggs?age as a
C1 houses horizontally in a stack manner the workpieces W with the wafer 1 and the
carrier 2 joined together where the carrier 2 is directed downward. One cassette C2
houses wafers 1 horizontally in a stack manner from which the carrier 2 is each removed
and each have a circuit surface of the bear chips 1a directed upward. The other cassette
C2 houses removed carriers 2 horizontally in a stack manner.
[0050] The first robot arm 5 of the first wafer transport mechanism 6 is reversible,
and movable horizontally. Further, the first robot arm 5 is turnable and movable
vertically as a whole. The first robot arm 5 has a tip end provided with a U-shaped
workpiece holder 5a of a vacuum suction type.
[0051] The alignment stage 4 performs alignment on the workpiece W that is
transported and placed thereon by the first wafer transport mechanism 6, based on a notch
or an orientation flat formed at an outer periphery of the workpiece W.

[0052] The second robot arm 8 of the wafer transport mechanism 9 is movable

horizontally. Further, the robot arm 8 is turnable and movable vertically as a whole.
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[ 0056] The support pins 24 are spaced at regular intervals on a given
circunference of the holding table 18. Specifically, the support pins 24
are novabl e upward and downward from a hol ding surface of the holding table
18 via a cylinders 25. Mrreover, the tip of the support pin 24 is fornmed of
an insulator, or is covered with an insulator. [ 0057] A nozzle 26 is
arranged behind the holding table 18. As shown in Figure 18, the nozzle 26
has a tip end directed obliquely downward as to blow air between the

nol i ng 1o & 7 R hER A FR ARl TR Bl Eh 5P UaRERoltRr L) "L,

referring agai q\x}.o Eirprg;ure 4. The wafer transport section 19 is in a plate
shape havii(f’r‘gnés gt arger than the wafer 1 and the carrier 2 to be
transported. The wafer transport section 19 is connected to the hol ding

tabl e 18 and {HS31 AssEpur imbigyres Srange te wafer ansppdapearaiup d0 esdideng st age
20. The transport path 2 has a transport surface including a first bl ow off
section hfrldlmda@édgndebfe@wa@ipDr@é@tmers azgolimhyagd 2G and k owngfoitaet i on 27
is shown in Figure 4 by alternate |ong and short dash lines at a center
portion ethge hethat aeppsitibnghdrha vaigorpgnavdbiaiable@?t atHeoe) tlk ce@dingQtage The
second bl owoff sections 11 are shown in Figure 4 by alternate | ong and

short dasérrdshoeds 108 fapPRdihestaidsthifintdigioh! amEOREAspPRktbst@&% 210 sandwi ch
the first blow off section 10. [ 0059] As shown in Figure 7, the

first bl gyr&@bbndas bisetbnd holdifs MHESINIAR ifenBhE ol €s 29 foimed vertically
t hrough the wafer transport section 19. The hol es 29 are brought together

by a channel i . f fe spar t ction 19,
where the nol LRs4ETHE RoldhaAaEs i AR endotially *Tut RSPRNHSTRGH I 20w e
brought into one.includes a first el ectromagnetic, val.ve.3 n.one d. The
ot her entBrUpRgiaT G P8 fumal 8y SRS E SRl n, O a i THORE iRy 3.
[ 0060] Thi se.cogg (gl ow of f_ section_28 has two or nore holes 30 forned

t hrough {heuahigpdioldstheplaeed wakpiecs V-1 9l ishaldingtaple ssrnrovdedwitBr t her eof
relative to a traveling direction of the wafer 1. The holes 30 are brought
t oget her susjioe hathAkkrd 8% eonmgriuppareding Bér elhe holiding teblery iswovediupvad: of f
section 28 on a rear face side of both ends thereof Each channel 33 where

t he hol esnd3®varvearth vougdtlindat 8. ortéere bt hdldngaasled8risined lanitedoagetet bat val ve
34 on one end. The other end of the electromagnetic valve 34 is

comuni cahgde forhfedtora ceraic gdrous materia] 0061] Now referring again to Figures
4 and 5. Two detectors each consisting of a light projector 36 and a |ight

receiver 37 aj@spPhe sRneH pad12® W%etd%t g Qgﬁtep}f)or{igﬁ’ oiﬂﬁlfe%rolding table 18,

and its top surface movable upward and downward is formed as a vacuum suction surface

[0056] The support pins 24 are spaced at regular intervals on a given
circumference of the holding table 18.  Specifically, the support pins 24 are movable
upward and downward from a holding surface of the holding table 18 via a cylinders 25.
Moreover, the tip of the support pin 24 is formed of an insulator, or is covered with an
insulator.

[0057] A nozzle 26 is arranged behind the holding table 18.  As shown in Figure
18, the nozzle 26 has a tip end directed obliquely downward as to blow air between the
holding table 18 and the wafer 1 or the carrier 2 pushed up from the holding table 18 and

held with the support pins 24.
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transport section 19 in a width direction. The light projector 36 is on a
transport start position side of the wafer transport section 19, the |ight
receiver 37 on a transport termnation position side. That is, each
detecior is spaced away by a given clearance froman outer periphery end of
the wafer 1 or the carrier 2 that is transported along the center of the
waf er transport section 19. [ 0062] Mbreover, guide walls 38 are each
provi ded on opposite ends of the wafer transport section 19 for preventing

the wafer 1 aﬂgﬁg @bgq£ﬁggégég%%ggfgﬁggpinﬁﬁﬁég%rﬁﬁé%gﬁgaggnhgqsgyide wal

38 is covered wth an e rut i's 'dretted on
each side, of .the wafer transport sectiaqn 19 d the oli sta 20. The
strut 39° %aﬁecﬁhﬁaee}%avéng 5 %gétﬁjﬁg?rﬁh?n IV@%&Y h?ﬁ@?‘ﬁ cangt gg@\bﬁg{%&‘gpﬁﬁg‘gmnt . Two
or nore ajr nopzzles 41 are ranged at a gjven clearance along a .

t ranspor ?h‘f i‘”&?f’r FePEOLy SRR %E ﬁc?oa&‘?cé"rd te ﬂé%i“ﬂg@gtt%le f P and thedtanspPIHEeR ends.
Here, the air nozzle 41 corresponds to the prelimnary cooling nozzle in
thi s i nvéags dhas tprandwichthawoling stage ade Hlae transdort pathal hasradyatisporst 1
constitutes the prelimnary cooling device. [ 0064] As shown in Figure
7, the apurfase mdleding a fiag bbyyentisgstiam? 7aand sttdnddbloeedft eevtibog 2 Theifing ai r

agai nst the wafer 1. Air is supplied fromthe punp 35 to the air nozzle 41

via the blowdffsteiohdringnsii & Nghred HalteMmeRnghnd shei0dshineeht S&ng@nt rol s
openi ng/ cl osi ng and a degree of opening of the third el ectronmagnetic val ve

48 for agphishoPthedrankm pahe sRingd transhO@fRh dREMoNOZ iefdnd BIGHUMAES at a

center portion thereof a tenperature sensor 42 for detecting a tenperature

gfen; 2? Z‘%Jclﬁénsl-lelﬁe?’é ?%%;erh%rgﬁlﬁfﬁ zélﬁé%%?ggioeﬁ%ta'na Ui 998 18 oh %%pgsq{éps%e%t ure
of the transport path 2 as to sandwich the first blow-off section 10.

[0059] As shown in Figure 7, the first blow-off section 27 includes two or more
holes 29 formed vertically through the wafer transport section 19. The holes 29 are
brought together by a channel 31 formed in a rear face of the wafer transport section 19,
where the holes 29 are communicated. The channel 31 where the holes 29 are brought
into one includes a first electromagnetic valve 32 on one end. The other end of the
electromagnetic valve 32 is communicated with a pump 35.

[0060] The second blow-off section 28 has two or more holes 30 formed through
the wafer transport section 19 obliquely toward a center thereof relative to a traveling
direction of the wafer 1. The holes 30 are brought together by channels 33
communicated therewith for every second blow-off section 28 on a rear face side of both
ends thereof. Each channel 33 where the holes 30 are brought into one includes a
second electromagnetic valve 34 on one end. The other end of the electromagnetic
valve 34 is communicated with the pump 35.

[0061] Now referring again to Figures 4 and 5. Two detectors each consisting of

a light projector 36 and a light receiver 37 are positioned on opposite ends of the wafer

12



[ 0066] As shown in Figure 8, the cooling stage 20 includes a tenperature
sensor 43. Mreover, the cooling stage 20 includes inside thereof a Peltier
device 44 for cooling the wafer 1 thereon. Here, the cooling stage 20
corresponds to the first cooling stage in this invention. [ 0067] As
shown in Figures 4 and 5, a nozzle 45 is provided on one strut 39 of the
cooling stage 20. Here, a detection signal of the tenperature sensor 43 is
al so sent to the controller 80. [ 0068] As shown in Figure 5, the

nozzl e 45a0@srdedlito §ady i &rdcadn CORAGHRDARUBIS( L 40y @%nggogg{mt ovard a

back end of "t or the carrier I'ng s

L g i 1.1 .al. chuck bl e, d i
communi c LRI SLAEMPE ATt KRB AR o s e

transportation stage 21 suctjon-holds the wafer 1 or the carrier 2

t r anspor [EEHBHPR POHBON (g nghal dbeach fassdgverracehavey Bna sbrenalqasncet age 21
is provided with support pins 46, simlarly to the holding table 18. The
t r anspor {awy Brpwergapbaryicsgd gbthe watet ber the casteaP thagig transpotied slongthed of a
ceram c porous material. Here, the transportation stage 21 corresponds to
t he secoeehtgedithagafst tgesport se¢tiom I%vent i on. [ 0070] The support pins
46 are spaced away at given intervals on a given circunference of the

transportati of00s2 Ry redver, PhilcsudiBBBtar eath pr6vide® o suaite eh@yehtEé dawvar d
fromthe holding surface of the transportation stage 21 via cylinders 47.

Mor eover tra@sﬁbﬁ Re@idd 19ffof PRvEMRRANS wRfd 148ditRe ERFiEEONEh RBppiRsul Btor, or is
covered with an insul ator.
surface of the guide wall 38 is covered with an elastic body.

[0063] A strut 39 is erected on each side of the wafer transport section 19 and the
cooling stage 20. The strut 39 includes a frame 40 that allows upward and downward
movement. Two or more air nozzles 41 are arranged at a given clearance along a
transportation direction of the wafer 1 across the frames 40 on both ends. Here, the air
nozzle 41 corresponds to the preliminary cooling nozzle in this invention. The strut 39,
the frame 40, and the air nozzle 41 constitutes the preliminary cooling device.

[0064] As shown in Figure 7, the air nozzle 41 has openings in a width direction
for blowing air against the wafer 1.  Air is supplied from the pump 35 to the air nozzle
41 via the third electromagnetic valve 48. Moreover, a controller 80 controls
opening/closing and a degree of opening of the third electromagnetic valve 48 for
adjusting a flow rate of air.

[0065] Each nozzle 41 includes at a center portion thereof a temperature sensor
42 for detecting a temperature of the wafer 1 passing thereunder. A detection signal of
the temperature sensor 42 is sent to the controller 80.

[0066] As shown in Figure 8, the cooling stage 20 includes a temperature sensor

43. Moreover, the cooling stage 20 includes inside thereof a Peltier device 44 for

13



[0071] The swi nging novable table 22 is swingingly supported via a support
shaft 51 in a strut 50 provided on a | ower side of the holding table 18.

Mor eover, the swi nging novabl e table 22 is supported via a lifting cam 52
on a lower side of the transportation stage 21. Specifically, the lifting
cam 52 is driven backward and forward by a notor 53 connected thereto.
Accordingly, the swinging novable table 22 is slightly inclined dowmward in
the traveling direction of the wafer Wor the carrier 2 while pivoting

about the,HRRAE tyafthaftheredn. Here, thE Q0 Ir?rlé %@ge%&oé%;?g{&ngg %!r‘]gl%eﬁ]réézogg%cgr rier

renmoval mechani sm 11 has a novable ta
suction g » novabl e tabl e 57 noves upward and downward al ong a
rail 56 géragélngtglg 11\1/Je-ér;5'(ta|OI(1:'aI |y at a backside of a wall 55. The novabl e frane

58 i s support the novahl e table 57 so as_to control a |level thereof.
The suction pf@tﬁgp 66 Sﬁ%‘”’bf‘rgﬁigﬂé"ﬂ %ﬂn%a§> £in8Z2R 45 &% PaNidsd A 59e piK3%iithids
forward frogmthe npvable franme 58.. [00731 The novabl e table 57 noves
upwar d afPIHERAREPE. i HlcEe, ddeleaiionaianatwh ther tempelstisr sesar 4his alsorsgaite r ot ati on
of a screw shaft 61 by a notor 62. The suction plate 60 has an undersurface
formed athegovwellar®Osuction surface, and a heater 63 enbedded therein

[0074] As shown in Figures 9 to 11, the tape separation nmechanism 12 is
provi ded w t h[(68Fpashtwom Fightees, tiBnosizke 4LipRarfrort cAdreieAdd ghlRjuest i ng
downward from a novable table 66 that allows sliding novenent I1n a

backwar ddéwiwatdo diovesit towhrd ®agk énd &ff the QRfer 1 or the EMRES] od IR JHBMAP! € tabl e
66 i ndependently noves in a screw feed manner through a screw shaft 70 that

rotates Qagyprd/forward with a nmotor 69.

[0069] The transportation stage 21 is a metal chuck table, and is communicated
with an external vacuum device via a channel. That is, the transportation stage 21
suction-holds the wafer 1 or the carrier 2 transported onto the holding table. Moreover,
the transportation stage 21 is provided with support pins 46, similarly to the holding table
18.  The transportation stage 21 is not limited to metal, but may be formed of a ceramic
porous material. Here, the transportation stage 21 corresponds to the second cooling
stage in this invention.

[0070] The support pins 46 are spaced away at given intervals on a given
circumference of the transportation stage 21.  The support pins 46 are movable
upward/downward from the holding surface of the transportation stage 21 via cylinders
47. Moreover, a tip end of the support pin 46 is formed of an insulator, or is covered
with an insulator.

[0071] The swinging movable table 22 is swingingly supported via a support
shaft 51 in a strut 50 provided on a lower side of the holding table 18. Moreover, the
swinging movable table 22 is supported via a lifting cam 52 on a lower side of the

transportation stage 21.  Specifically, the lifting cam 52 is driven backward and forward
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[0076] As shown in Figures 9 and 10, the separation roller 68 rotates via
an endl ess belt 79. The 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 shown in Figure 12, the
separation roller 68 is provided wth suction holes 71 on a surface
t hereof that are conmmunicated with an external suction device. Here, the
separation roller 68 is covered with an el astic body. [0077] The
suction PRSI L r i aration

bPh il s AR QIR AS. PRIALROR HRIGASRRLMOGIE Oefe 220

starting en a Sseparation termna n aced adhesive

3. T . hol f d h 71 h ) [
St art i ng S and S aRafErOh ot BT e s FLardhy I & 1pars® 20881 ong

hole is forped as %1SUCtiO§uE§%e 71 on the separation term nation end. The
shape anBVAURH&POULFheYRPILH les 71 may vary depending on the size and
shape of the doubl e-faced adhesive tape 3. [0078] As shown in Figure
1 and 10, thel®0dpkAsshowe i Rgueelds therramrderirempyadegbanibe| ldkas hencveblar at i on
roller 68 as a collection box. [0079] The marking section 14 incl udes
a chuck tahlsl ¥, 230vabld freniaSkrndevic®nifate Phe Theclovhblbltabld57 swwetks on- hol ds
the wafer 1. The | aser device 76 perfornms marking, such as a two-di nension

code andupwirtineé ddwnwasi el a 56l J0areaged vediciineatwedekside sti€vhpBshel d on the
chuck table 75. [ 0080] The wafer delivery section 15 includes a

sucti on PREMVatleframecRiio &1;{}‘)@&@8 BA tiR 1168dbIE BGR Pf sol 380 WELtRST alled@d the
carrier 2. The suction pad 77 slidingly noves froma marking section 14

o OPIER R U4 G BT BB Ve

transporﬁggqhggﬁhgﬁg%nl17 i s nmovabl e horizontally. Further, the third robot

arm16 is e an&nﬁéﬁable vertically as a whole. The third robot arm

16 has a ti ovi ded ,wi U- shaped wor kpi ece hol der 16a of a vacuum
suction t ypg. ﬁ)%%]p{“he movzﬂ)le ta%ﬁ]e 97 moves IPpward and gownward in a screw feed

manner by backward and forward rotation of a screw shaft 61 by a motor 62. The
suction plate 60 has an undersurface formed as a vacuum suction surface, and a heater 63
embedded therein.

[0074] As shown in Figures 9 to 11, the tape separation mechanism 12 is
provided with a separation roller 68 via support frames 67 projecting downward from a
movable table 66 that allows sliding movement in a backward/forward direction along a
rail 65.

[0075] The movable table 66 independently moves in a screw feed manner
through a screw shaft 70 that rotates backward/forward with a motor 69.

[0076] As shown in Figures 9 and 10, the separation roller 68 rotates via an
endless belt 79.  The 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 shown in Figure 12, the separation roller 68 is provided with suction holes
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[ 0082] Next, description will be given of a series of operation of the
carrier renoval device with the wafer transport apparatus with reference to
Figures 13 to 20. [0083] First, an operation section, not shown,
operates for various settings. For instance, setting is nade as for a
heating tenperature of the heater 63 in the carrier renoval nechanism 11
and a prelimnary cooling tenperature and tine until the wafer 1 reaches
the cooling stage 20 fromthe hol ding table 18. [ 0084] The heati ng

tenper at g1 @niaSuBbe thBredE AT Q@Qﬁﬁxﬁﬂnﬁﬁtédh?iﬂq%Qit@fn%ﬁﬁﬁgo@q@\ﬂéév‘?ﬁérgp e 3
havi ng the adhesion |ayer 3b with a heat separation property. That’is, the

t enper at W&l taraﬁ(% ro‘ﬁ@?é@isf[c%%exgghkgésh?ag);qus?ﬂ b%Q{ZeSi ve tape 3 foams and expands

due to heati and loses its a [ 0085] For instance, the
prelimnary c I tenperature is set to a glass transition tenperature of
resin. Mor eovg@#gq@%ﬁwlﬁﬁ%r@liaﬁ ﬁ’é‘tﬂ&? ft Iﬁ%%‘% PHFIRREINS TR SEFRtiage of
the resin I b ang the bear chip la is determ ned in advance that varies in

accor dant@tifgRd Faf  SERABRHEO RrpiaAkY end pfdhedeyble-faced adhgsiyeltapentat Be0 wi t h

the carrier renmoval nmechanism 11 reaches at a glass transition tenperature.
Her e, t her BRFq hlespse faymedtas sudtisadiodasdi antthe sehavdtionisertingershalomkagarcr at e of
the resin Ib and the bear chip lais snall and a warp anmount of the wafer 1
cool ed f af ths onter pemplerygofithn tapardge Oderlong hele inforaisd asia swdtioalhald Dinobgieween
the prelimnary cooling tenperature and the shrinkage of the resinIbis

det er m negpatationdratigion Bagn, Thdshapehh&hahbebfistctivh IRBesSEt may vary [ 0086]
When a cooling tine is determ ned, the controller 80 determnes a

transpor §&fech@ig DRIBSsi afd\gap@dLthe HoudlBahcddSdh&idh t%h@@.ce from the hol ding
table 18 to the cooling stage 20 is determned I n advance consi dering a

ey o\ heuBRRARY A PR ol KASoAl SORIRTL AL RS0 .
L 50 F00L5, 0Lk RSRLL L FRERRAL, aPpar al s 10 mmy be determined
menori zed in ﬁ)O%]n?ﬁg m%gkigé ge\{:itigg ?4 iilglchgdr:ag acc?urllct:kr tcz)ilbllee7rS, gl(l)(i a laser device 76.
The chuck table 75 suction-holds the wafer 1. The laser device 76 performs marking,
such as a two-dimension code and a three-dimensional solid code, to the wafer 1
suction-held on the chuck table 75.
[0080] The wafer delivery section 15 includes a suction pad 77 for
suction-holding a rear face of the wafer 1 and the carrier 2. The suction pad 77 slidingly
moves from a marking section 14 side toward a delivery position to the third robot arm
16, and moves upward and downward.
[0081] The third robot arm 16 of the third wafer transporting mechanism 17 is
movable horizontally. Further, the third robot arm 16 is turnable and movable vertically
as a whole. The third robot arm 16 has a tip end provided with a U-shaped workpiece
holder 16a of a vacuum suction type.
[0082] Next, description will be given of a series of operation of the carrier

removal device with the wafer transport apparatus with reference to Figures 13 to 20.
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[ 0087] Upon conpletion of various settings, and the apparatus operates.
Firstly, the first robot arm5 in the first wafer transport nechani sm 6
noves toward the cassette C. The workpi ece holder 5a at the tip end of the
first robot arm5 is inserted between the workpi eces Whoused in the
cassette C . The workpi ece holder 5a suction-holds the rear face of the
wafer Wand transports the wafer W Then, the workpi ece hol der 5a reverses
t he wor kpi ece Wupside down. That is, the workpiece Wis reversed with a
wafer 1 side gj gl d he al ipgnhnment
rage 7.0 D g o PR o B s T H e
wor kpi ec : [l
s, R e < SR RER TR R B L B B REL

natki on .flat forned
at an outer périp eccarrier

{

bne%c%lf'kpi ece Wis
suction-held with the rkpi ece. holder 8a at the tip.end of. the second
robot ar ﬁng),vagnlﬁlﬁa?aglsm meglatpé%r’&W?ré' R n%gqnmeﬁadu’teai’g‘ émi%urﬁﬂél}éerwﬁfﬁf g st at e.
[ 0089] The vvorg ie(l:_e W on t% h%:qdi ﬂglptabl e 18 is once received on the
sucti on [raghess Gg?Qﬂ’é‘étsfaﬁazP M thsdokingtalls kbl e 18 on the wafer 1 side.
Thereafter, the workpiece Wis placed on the upper surface of the hol ding
tabl e 18 in allyB¢bhhahestingdemperatupoisiset ioacensdartse vgticthe doulada@8 noves
downwar d. Moreover, the outer periphery of the workpiece Wis held for
al i gnnmenadheyivetapal3i lgvimerthe adiekmnilsyer Bb ovithdeblead sepmratoutpeopapsr | Theriy, of t he
hol ding table 18, and then suction-held with the holding table 18. Here,

t he hol dihegerhpdrhtarcli8 stiswigatirdiooblehfat dibadhesive tape 3, foan§l ahdedhahili Qe
position slightly below a separation position. [ 0090] Subsequently,

as shownhdafinfafd [Reslids adh§ioguction plate 60 of the workpiece carrier
removal mnmechani sm 11 noves downward as to contact the upper surface of the

et | ng wi th (e e yaas: ERLFERmaY BB Sl AR g (aie 10

| eads to, foam and, expansion,of the adhesi.ve .layer 3b.in e

doubl e- f%%ngglo 3%5‘8?@%“?3 hiecy MM%G%VGH&‘EOOEE%&PQI? g%tefﬂ”é‘ﬁ%?? ff’ﬁfg’Wﬁer eby the
adhesive | ayer 3b | oses jts adhesion. . . [0091] Upon conpl etion of
heating T SHEnkpgeeof the Frsin %%@%ﬁ%?%ﬁhm L is dsiorsied dn advrarethahyariesime
carrier 2 is suction-held, as shown in Figure 14. Here, the adhesive |ayer
3b havi mfcadapetheih sarigtions éptemmeesture votil thi eedioWe heated Wt ¢heofartiere carrier 2.
Accordingly, only the carrier is noved upward. [0092] The wafer 1 is
hel d on teevhloheihagistalll eads bt o plavhiraBitidngempemivee. | Hereptho sktinkadeie, on
the wafer 1, the doubl e-faced adhesive tape 3 remains that expands to | ose

i ts adhegdt@migaickubRshat beviexarmadriakeshiee fhiayiindb Mkt bdae chipawgs surface.
As shown in Figure 15, the tape separation nechanism 12 operates under this

state t o VadtdGarpeRdhal bOMe WARAr cR&d RATWIAG SEIBIRMLOSH 4R to the

separation starting position.
words, a correlation between the preliminary cooling temperature and the shrinkage of
the resin 1b is determined in advance. Then, the correlation is to be set.

[0086] When a cooling time is determined, the controller 80 determines a
transportation speed of the wafer 1. That is, a distance from the holding table 18 to the
cooling stage 20 is determined in advance considering a layout of the apparatus.
Accordingly, the transportation speed is determined from the distance and a weight of the
wafer 1. Consequently, an inclination angle of the wafer transport apparatus 10 may be
determined depending on the transportation speed. The various setting conditions are

memorized in a memory 81 provided in the controller 80.
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[ 0093] Here, the separation roller 68 stops at the separation starting end.
Mor eover, the separation roller 68 rotates to control the position of the
suction holes 71 as to be directed downward for sucking the separation
starting end of the doubl e-faced adhesive tape 3. [ 0094] Upon
conpletion of control in position of the separation roller 68 in the
separation starting position, as shown in Figure 16, the cylinder operates
to nove the holding table 18 upmard to appropriately press the double-faced

A e Soe ISP YRR ok uBR R (A1 @l Sha Bt rDhfTHl! JEAUS) Yyl SPOVN

in Figure 17, the s paratron ro Ier arati on
ternlnat il e sugki-n e .doubl ced adhesiyv r eby
wi ndi ng uhﬁq‘gg%%géé%éip 4 mutﬁ? ﬁlrsg(%‘g It%an?%{g@e%ﬁésgf @qvgﬁg’“?ré)ﬁle Calssegf§0095]
When the @,atl rollﬁ{ 38 n@¥es a § aration term nation end
Lo the sEananye moarirsiio s sl 1D o ades e merobal AEht e BEgR e
pressure, Accordln air bl ows out fronlthe suction holes 71 for

separ at i H WWEP@%%V&OPM theipresgtipeC k- apheavorkpisae hpldestpaction-baldsdhd er 68
and collecting it into the collection box in the tape collecting section
13. rear fag@96heTwaser, Wi dnd teuppotstthpivater WM. nbiven, tipnweoritp@oe hpidej Bct  f r om
the holding table 18 to push the wafer Wupward fromthe holding table 18,
as shownrdvarsks theveorkipieAcWoupdideglown. t Mhaniaf e worksie&PWoie tevayiyl Wifloan t he

hol ding table 18. As shown in Figure 18, the controller 80 rotates the

mot or  f opaRr d side diMiciE do@wavd, REE ROmBPAPIS1ERAI8 R2adaiNatdeay. a gi ven
swi ng angle. Mreover, the support pi ns 24 nove downwar d mhlle the nozzle

bl f
7 |60<’r;]1t O pave (B8] $hé RtdnridfiCiabt 7 b vg“J"e%’ggm‘gﬁﬁqy‘ﬁﬂf’ WPt Dort
19 As 1
5?\1} form #hl%e\%H%g & V\éarzli(:)jc?h BLAT AT %atppoﬁ ??{gjehc?lt a4 %Etg\rl\g ] q’§ repﬁeng?er st and

second bl ow o ions 27 and res ctlvel vi ded n t he surface
of the m%ﬁfa?ri?%ﬁge OOD WOIPRGe Vs ARl Widh e s BBFE P G Jo0 fiomt o
above the wafer transport path toward the coollng stage 20. [ 0098]

The air Wy ef the segogdsobat erm Bopadais shrasrosted oata thﬁhaldimg/tabl@dﬁ under théssi n | b
formng the wafer 1 to a glass transition tenperature. Here, each

t enper at #inte. sensor 42 provided in the air nozzle 41 detects a surface
tenperature of the wafer 1. The controller 80 conpares an actual detected

t enper at ur e WOOB9RThE werkphake 3¢ onttedpadinigusiste 19\ erecewidRartat hidiodevi at i on
falls within a given range, the tenperature is controlled through adjusting

o AT LS PR APl ikodar nne o 55 and
workpiece W is placed on the upper surface of the holding table 18 in a given attitude and
position as the suction pad 23 moves downward. Moreover, the outer periphery of the
workpiece W is held for alignment by an alignment mechanism provided on an outer
periphery of the holding table 18, and then suction-held with the holding table 18. Here,
the holding table 18 is heated with the heater 63, and in a standby position slightly below
a separation position.
[0090] Subsequently, as shown in Figure 13, the suction plate 60 of the workpiece
carrier removal mechanism 11 moves downward as to contact the upper surface of the

workpiece W to heat the workpiece W with the heater 63 embedded therein. Heating

with the suction plate 60 and the heating of the holding table 18 leads to foaming and
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[ 0099] As shown in Figure 20, the swi nging novable table 22 returns to its
hori zontal attitude through backward rotation of the cam52 before the
wafer 1 reaches on the cooling stage 20. Then, the wafer 1 is placed on the
cool ing stage 20. [ 0100] The tenperature sensor 43 nonitors while
cooling the wafer 1 on the cooling stage 20 for a given tinme until the
tenperature of the wafer 1 reaches a target tenperature (e.g., a room
tenperature.) As shown in Figure 19, upon reaching a given tenperature of

t he wafe ; : Lo ; i i.ngi ng novabl e
tabl e ZZEXoaﬁag?g?ﬁgﬁga?ﬁ%@nggﬁ%q%g&ﬁpﬁagﬁg??m??§ﬁ$$ggﬁﬂg?éwggéinst t he
waf er 1. . f ue . tonegati.ve .pressure between the

hol di ng R r{aglg 85’2‘&6}0{%@‘%6%%‘?’} %lg%éﬁ%sgveeelﬁ era?’rll)ﬁg%eﬁéts gg?&?“ace of the wafer 1.
Mor eover, the 1 with for d force is applied thereto is transported
to the trans pm{@flg pé?a'é C?‘Tp\‘ePBﬁ\é\’?h"gat‘é‘S&)/rea giyen ag’tee&‘etsl""a‘f%‘ﬁg?t? 68dravedn 19.
[0101] The sw gjn novabl e table 22 returns to its horizontal attitude

t hr ough B%‘WW&'\HH ertg% sA1Tigh2 bYsuchen-belh asshgwnon Eigupe 1 dvaf derelthe edegsie on t he
transport stage 21. Then, the wafer 1 is placed on the transport stage 21.
Here, ti hiveigdtoltaving n adhesion hesepaiatagli fngm e lablcesufme of g daodrZontal |y i s
determ ned, for exanple, in accordance with the result that a sensor, not
shown, datewntmghasslyne cfrritthie nvevkeémpdatdair ough a gi ven position or for a
given tinme of period. Herein, the sensor corresponds to the speed detector

in this invendoon} The wafer 1[i988dJon thehyain@tablec 9B e whiANBPticskage 21 is
pushed upward and supported via the support pins 46. The second robot arm 8

moves al Riythville MRfeChn IHARTROT hS eIt Rl ai&s%t %&&%ﬁﬂ&r&P%ﬁ(ﬁt ely
opposite to the transport stage 21. The workpi ece hol der 8a at e tip of
the tran . . |.0N- .the rear .face of the wafer, 1, and
tr anspor Faor e L By e LRI RS b ok SN neh T 2spor t ed
wafer 1 i,s pl.aced on_the chuck table 75 in e markin ection 14 for
alignnen?h(’é‘sigg$ eésﬁg?EWFS@WE&“*H@F@?PFE¥£?Wﬁ§m8ﬁwggrgé§ﬁ@ﬁé??“ﬁ@rtion
out of a circuit formation face of the wafer 1 is marked with |aser.
[0104] Upsacrassnmdellgrbromphe stardaymysitiondo fgrseparatipn stagiigpositioni on- hel d
with the second robot arm 8, and placed onto the wafer delivery section 15.
The wafer 1 iH0AdHeret theaeprshtionerollepo stopoat thé saphmtivhistadingodndt arm 16 whi | e
the suction pad 77 suction-holds the rear face of the wafer 1.

Moreover, the separation roller 68 rotates to control the position of the suction holes 71

as to be directed downward for sucking the separation starting end of the double-faced
adhesive tape 3.

[0094] Upon completion of control in position of the separation roller 68 in the
separation starting position, as shown in Figure 16, the cylinder operates to move the
holding table 18 upward to appropriately press the double-faced adhesive tape 3 against
the separation roller 68. Simultaneously, as shown in Figure 17, the separation roller 68
moves toward the separation termination end while sucking the double-faced adhesive
tape 3, thereby winding up and separates the double-faced adhesive tape 3.

[0095] 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
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[ 0105] Then, the third robot arm 16 suction-holds the rear face of the
wafer 1, and houses it into the cassette C2 wth an exposed surface of the
bear chip la directed upward. [0106] On the other hand, the carrier 2
renoved with the carrier renoval mechanism 11l is housed into the cassette
C2 where the carrier 2 is collected, followng transportation of the wafer
1. Here, the carrier 2 need not to be marked. Accordingly, the second robot
arm 8 places the carrier 2 fromthe transport stage 21 onto the wafer

del i very 88tk @fpatiion roller 64 %Q%]Ie@fméﬁt info flﬁ%%&fon%?(rlﬁ”tﬂeqﬁ% Solfelf et ed
as nmentioned above. The simlar operation is to be repeated herelna

[0108] g&%;)gl 189 to the foregoing exenplary apparatus, the resin |b form ng
t he waf er I'S prellmnarlly cooled to a glass transition tenperature

during a tran re the wafer, 1 fr C rler

is re?mved thf@%&hqﬂh {bi“ﬁgﬁlppg PIRASIBP Y P YA S And Repl 8?&%@68’8@ tfg ont o
the cooli addi t nary cooling tine is set as to
mni m zel gg%?‘é?gqg‘ﬁw?ﬁr PPWR’QQ{EOTBF}’E’[MCI‘S%&%%% b3S SHOWM Y FigrerGsin | b.
Consequently, a warp amount of the wafer 1 due to deviation in shrinkage of

t he bear ASHRTpingly, ﬁ}?d"’f!fﬁ’él respReed ay avefyorp éheshplping dahdel 18.0 As shavgein Figwrge set

in advance. As a result, there may be avoided reduction in rigidity
associ at &8} the entollac&&rdtates the mest forwhrddp stvargthe ngingingomevahietabte 28ar p  of
the sem conductor wafer 1. [0109] This invention may be enbodi ed as the

f ol | owi ndowspadtas a givled shddd dygld. n Mbeol el 8@GUPEHEKBIRY aidveaidRARAtUS, the
waf er transport section 19 nay be a conveyor formed of an endless belt or

a rol | er whil8 4Rz 0BIE1GMS At 0 a tear Lide BF 8RR wifET T a@ér@eadbaﬂy,%h@wa%@ﬁeous
cooling my be conducted fromthe rear face of the wafer 1.
floats above the holding table 18, and moves toward the wafer transport path 19 through
forward force.
[0097] As shown in Figure 19, a uniform flow rate of air is blown from the holes
29 and 30 of the first and second blow-off sections 27 and 28, respectively, provided on
the surface of the wafer transport path 19. The wafer 1 is transported while floating
above the wafer transport path toward the cooling stage 20.
[0098] The air nozzle 41 blows air from above to preliminarily cool the resin 1b
forming the wafer 1 to a glass transition temperature. Here, each temperature sensor 42
provided in the air nozzle 41 detects a surface temperature of the wafer 1. The
controller 80 compares an actual detected temperature with a given target temperature.
Where no temperature deviation falls within a given range, the temperature is controlled
through adjusting at least any of a transportation speed of the wafer 1 and a flow rate and
a temperature of air from the air nozzle 41.
[0099] As shown in Figure 20, the swinging movable table 22 returns to its

horizontal attitude through backward rotation of the cam 52 before the wafer 1 reaches on

the cooling stage 20. Then, the wafer 1 is placed on the cooling stage 20.
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[0111] For instance, where a belt conveyor is adopted, the belt conveyor is
conposed of a material with air perneability, and gas such as air is blown
froma nozzle provided on a rear side of the belt. [0112] Mbreover,
where a roller conveyor is adopted, gas such as air is blown fromthe
nozzl e toward a cl earance between the rollers arranged at given pitches.
Alternatively, the surface of the roller is covered wth a perneable

el astic body, and the rear face of the wafer 1 is cool ed by suction and

draw ng of OUE(ﬁiOQF afe fehPBlaturk l@éng%%@f‘fn%hﬁ&ts M{iletﬁgliﬁg{ﬂe%affxwgﬁﬁm\éer , the

rear face of the wafer 1 is coole ile a coolant I1s circulated I nside of

the roll i . . 9 S fi.quration y be
adopt ed, oM S48 60 BONHE0h AR KETREN LR, fur HEHe RS IR R Y o b
controlljng a.prelimnary cooling tenperature,. a flowrate aof air may be
adj ust ed{‘%"?{’ﬁfa\}‘%ﬁg%ﬁr gro t%{nli’eé%?e')of KF ROV 0 TigyLs 19, HROERICIHRE B 8RS0l | ed.
Mor eover, an incliq?tio angle of the air nozzle 41 may be adjusted.

[ 0114] Mofeaggratureod thewatas i thg cam 82 pgtiairotgtes doravasd o songthe swingiag| i near
actuator 90, such as a cylinder, is connected to the frame 40 for noving

t he fram@oxtble s 2P davenwodnangthe apzrheyd Ybioss airdiens rerwprdnagathstithewafere
struts 39 in a longitudinal direction, as shown in Figure 21.

Al t er nat i veHyre, thhevdfemlefoatadtaimtregatd@ pragsutrebetiveacthk hoklimpnaefaeeof theeach air
nozzl e 41. [0115] (3) In the foregoing exenplary enbodi nent, the

t enper at ¢voting8rge L0 AAY titatachcaottBopalatiur a1a8otdiahe daferflaggh &frwbhe wafer 1
for controlling a prelimnary

force is applied thereto is transported to the transport stage 21 floating above the wafer

transport section 19.

[0101] The swinging movable table 22 returns to its horizontal attitude through
backward rotation of the cam 52 before the wafer 1 reaches on the transport stage 21.
Then, the wafer 1 is placed on the transport stage 21. Here, timing of returning the
swinging movable board 22 horizontally is determined, for example, in accordance with
the result that a sensor, not shown, detects passing of the wafer 1 through a given position
or for a given time of period. Herein, the sensor corresponds to the speed detector in
this invention.

[0102] The wafer 1 on the transport stage 21 is pushed upward and supported
via the support pins 46. The second robot arm 8 moves along the wafer transport
section 19 to an position appropriately opposite to the transport stage 21. The
workpiece holder 8a at the tip of the transport robot arm 8 suction-holds the rear face of
the wafer 1, and transports it out of the transport stage 21.

[0103] The transported wafer 1 is placed on the chuck table 75 in the marking

section 14 for alignment based on a notch, etc. Thereafter, the outer periphery portion

out of a circuit formation face of the wafer 1 is marked with laser.
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cooling tenperature. That is, deviation in shrinkage rate may be made snal
by controlling individually a tenperature on the exposed surface of the
bear chip la and that on the surface of the resin surface. Accordingly,
warp of the wafer 1 may be suppressed certainly. [0116] (4) In the

f oregoi ng exenpl ary enbodi nent, a |ower portion of the sw nging novabl e
table 22 is pivotally supported on a transportation stage 21 side, and an
actuator such as a cylinder nmoves a |lower portion of the sw nging novable
tabl e 22 on arielsli nopd PRl foldii:Sé e HRNBRE i RRREYS SRS AGalRG 10! NG
novabl e tabl e 22 downward in the transportation direction. Suc

confi gur aliQ . or.egoi n xenpl ary
appar at U Frte oo He Bhehaced ontp At ket Rebibfy S0 FRP AR 8§
adhesive _tape. 3 on.a wafer 1 side. Alternatively, the double-faced adhesive
Lape 3 nBY i TR afthe i qaboiaan diohile the S¥RUGPREY Ay er wi th a
heati ng separat|on property y be joined on the wafer 1 side. [0118]
(6) In tﬂ%BPﬁgﬁggﬂhgﬁﬁ& PhNs Waltiak-at us, the wafer 1 is adopted that is
diced prior to back grinding and renewed with sorted non-defective bear
chips |a and tH&5} eslhien; the tingd ebahiny &b guctionoldsftbe repr fagbjoéBteatafenl,a back
grindi ng process nay be adopted. [0119] That is, the wafer 1 having a
back gr oamthaueerit frag éhei msdetta $Bdvitintoetfosed asfet béthElbehochis Upgiryéted) t he
apparatus while the carrier 2 and the wafer 1 are joined together via the
doubl e- f apeatdadhesi ve tape 3 with the adhesive layer 3b of a heating
separation property. [0120] (7) In the foregoing exenplary apparatus,
the air nozzl g164] mon bR dIKQ W@ dhOINBEN rdnltR A Al RO Rt RPFnRRNd t he
transportation stage 21. Alternatively, Peltier devices nay be provided on
the transp{tbatd o : ' - I he foregoi ng
exenpl ary aﬁpgra?ﬂ??hgﬁg‘ﬁ%ﬂ%?é?§§%%59g@ﬁ%ﬁ?@é“?%gé%ékﬁ%g%ﬂt g vﬂﬁ%h t he
e Bk B Phef TP OHRAL, B caltid Y M WPl tilRed SPREGHR ! 2P 3

the second robot arm 8 places the carrier 2 from the transport stage 21 onto the wafer
delivery section 15.

[0107] Thus, a round of operation is completed as mentioned above. The
similar operation is to be repeated hereinafter.

[0108]  According to the foregoing exemplary apparatus, the resin 1b forming
the wafer 1 is preliminarily cooled to a glass transition temperature during a
transportation process where the wafer 1 from which the carrier 2 is removed through
heating is transported from the holding table 18 onto the cooling stage 20. In addition, a
preliminary cooling time is set as to minimize deviation in shrinkage of the bear chip 1a
and the resin 1b. Consequently, a warp amount of the wafer 1 due to deviation in
shrinkage of the bear chip 1a and the resin 1b may be suppressed to a target range set in
advance. As a result, there may be avoided reduction in rigidity associated with cracks
in the resin 1b or handling errors due to warp of the semiconductor wafer 1.

[0109] This invention may be embodied as the following aspects.

22



[0122]1t will be apparent to those skilled in the art that various
nodi fi cations and variations can be nade in the present invention w thout
departing fromthe spirit or scope of the invention. Thus, it is intended
that the present invention cover the nodifications and variations of this
I nvention provided they cone within the scope of the appended cl ai ns and
their equivalents, Wuat is clained is: 1. A nmethod of transporting
a sem conductor wafer covered with a resin or an adhesive tape, conprising

: . . . I - : f .
the step of [Odj& l(’)] ng(r l‘fllrl mquxre%!é%‘l?%%&j{\%ﬂ% %}%}%faﬁﬁs?hgeﬁg%g&&gr{spm sgcrél.o%;‘%gr a

heating state ranspor

nmet hod of__transporting th em canduct.or wafer according to.clai.ml,
Fur ther _BobEReBREoh bt s ER SRRk W, AESRh{FoRBetiRiigh. g ko

' f heat i tate during transportation to a first
sem Condu%gegébl\é\%a? ginyu ‘ccglgerzoués1 cogl?ngl 1?1gy %e conducyedlfro%]’n the rearpface of the wafer 1.

cool i ng BY

[0111]  For instance, where a belt conveyor is adopted, the belt conveyor is
composed of a material with air permeability, and gas such as air is blown from a nozzle
provided on a rear side of the belt.

[0112]  Moreover, where a roller conveyor is adopted, gas such as air is blown
from the nozzle toward a clearance between the rollers arranged at given pitches.
Alternatively, the surface of the roller is covered with a permeable elastic body, and the
rear face of the wafer 1 is cooled by suction and drawing of outside air from a rotation
shaft of the roller. Moreover, the rear face of the wafer 1 is cooled while a coolant is
circulated inside of the roller having a controlled temperature. Such configuration may
be adopted.

[0113]  (2) In the foregoing exemplary apparatus, for controlling a preliminary
cooling temperature, a flow rate of air may be adjusted individually, or a level of the air
nozzle 41 may be controlled. Moreover, an inclination angle of the air nozzle 41 may
be adjusted.

[0114] Moreover, for adjusting the level of the air nozzle 41, a linear actuator
90, such as a cylinder, is connected to the frame 40 for moving the frame 40 upward and
downward along guide holes 91 provided on the struts 39 in a longitudinal direction, as
shown in Figure 21.  Alternatively, the linear actuator 90 may be directly connected to
each air nozzle 41.

[0115]  (3) In the foregoing exemplary embodiment, the temperature sensor

may detect a temperature on the rear face of the wafer 1 for controlling a preliminary
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cooling the sen conductor wafer on the first cooling stage until the resin
has a glass transition tenperature; cooling the sem conduct or wafer

with the resin
transportation

having the glass transition tenperature during o
to a second cooling stage as a transportation position; and

cooling the sem conductor wafer on the second cooling stage to a room

t enperat ure.

The met hod of transporting the sem conductor wafer according

to claim1, wherein the prelimnarily cooling step is conducted

through Bb@WeNBmBéhtkE O ROAZ S dY A%k A oy 840 Gonpsetor waf er
4. e net (0] ransp

t hat passes oOn

a transportation path. rting the

sem COndU&ﬁtﬂﬁli%&xﬁfvi&%ﬁ?raqlnggerta&lré: !)I('li j[hrg ejxposed surface of the bear chip 1a and that

on the surface of the resin surface. ~Accordingly, warp of the wafer 1 may be suppressed

certainly.

[0116]  (4) In the foregoing exemplary embodiment, a lower portion of the

swinging movable table 22 is pivotally supported on a transportation stage 21 side, and

an actuator such as a cylinder moves a lower portion of the swinging movable table 22 on

a holding table 18 side upward, thereby swinging the swinging movable table 22

downward in the transportation direction. Such configuration may be adopted.

[0117]  (5) In the foregoing exemplary apparatus, the carrier removal

mechanism 11 leaves the double-faced adhesive tape 3 on a wafer 1 side.  Alternatively,

the double-faced adhesive tape 3 may remain on a carrier 2 side. Herein, an adhesive

layer with a heating separation property may be joined on the wafer 1 side.

[0118]  (6) In the foregoing exemplary apparatus, the wafer 1 is adopted that is

diced prior to back grinding and renewed with sorted non-defective bear chips 1a and the

resin 1b.

adopted.

Alternatively, the wafer 1 subjected to a back grinding process may be

[0119] That is, the wafer 1 having a back ground rear face is housed into the

cassette C1 for supplying the apparatus while the carrier 2 and the wafer 1 are joined

together via the double-faced adhesive tape 3 with the adhesive layer 3b of a heating

separation property.

[0120]  (7) In the foregoing exemplary apparatus, the air nozzle 41 may be

provided between the cooling stage 20 and the transportation stage 21.  Alternatively,

Peltier devices may be provided on the transportation stage 21 for cooling,
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wherein the prelimnarily cooling step is conducted through bl ow ng
air froma transportation path toward a rear face of the sem conduct or

waf er 5. The method of transporting the sem conductor wafer
according to claim1, wherein the prelimnarily cooling step is
conducted through blow ng air sinultaneously froma nozzle provi ded above
the sem conductor wafer that passes on a transportation path and fromthe

transportatio th , K

6. The. et hod oF 01 afrat koAb s i R0 P IMIL bRl o) o m 1
wherein fer der tate at a

gi ven t efSr altsﬁmg(eg ngbt(]}faég)alr%w& rf)g? Of é?ﬁﬁléag‘é’flw 2@51 18?8’9 Y%t i on bet ween
a coolin eratu e and .shri e of the resin or the adhesive tape is
det er ni n ﬁx¥ﬁ‘§ﬂﬁﬁﬁégm§ﬁﬁﬂo¥‘%? Mﬁ@ﬁ”hnnunt of the seniconductor wafer
falls within a given range; a detector detects a tenperature and
a transportat |[Q)19|32§ peldvidf etamear%hﬁo(imﬁwlgﬂ@fi ipdfeert that Yareous medipotendr ocess,
and at |east any of a tenperature and a flow rate of air supplied towards
t he seni eohdartdtons weaf be madelinatht peassponvetipn withpeedepaftintgheors dind s;mmmrct or
wafer is controlled in accordance with detection results.

Seni condyedperof\ied ikerdtioans Mhos, ivjpaeadddshitahe presdis povchiitg c@ves €Y conduct or
waf er covered with a resin or an adhesive tape, conpri sing:

modifications and variations of this invention provided they come within the scope of the

appended claims and their equivalents,
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a wafer transport section for transporting the sem conductor wafer under a
heating state; a prelimnary cooling nozzle for blow ng air towards
t he sem conductor wafer transported with the wafer transport section;

a hol ding stage for nounting and hol di ng the sem conductor wafer
prelimnarily cooled; and a cooler for cooling the sem conductor wafer on
t he hol di ng st age. 8. The apparatus for transporting the

sen condWharis wafneed iaccording to claim 7, wherein t he hol di ng stage
includes a first holding stage provided with the cooler for cooling the
resin to a glass transition tenperature, and a second hol di ng stage

provi ded with tihe Ac@ethed of @anspoflngnsehti€orRiatiof VAt ehb Mred@fira defindr LAOM

tenperature; and
adhesive tape, comprising the step of:

preliminarily cooling the semiconductor wafer under a heating state during

transportation to a cooling stage.

2. The method of transporting the semiconductor wafer according to claim 1,
further comprising the steps of:

preliminarily cooling the semiconductor wafer under a heating state during
transportation to a first cooling stage;

cooling the semiconductor wafer on the first cooling stage until the resin has a
glass transition temperature;

cooling the semiconductor wafer with the resin having the glass transition
temperature during transportation to a second cooling stage as a transportation position;
and

cooling the semiconductor wafer on the second cooling stage to a room

temperature.

3. The method of transporting the semiconductor wafer according to claim 1,
wherein
the preliminarily cooling step is conducted through blowing air from a nozzle

provided above the semiconductor wafer that passes on a transportation path.

4. The method of transporting the semiconductor wafer according to claim 1,
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the wafer transport sections are arranged on an upper stream of the first

hol di ng stage and between the first and the second hol di ng stage. 9.
The apparatus for transporting the sem conductor wafer according to claim
7, wherein the wafer transport section includes a first bl ow off

section and a second bl ow off section on a transport surface thereof, the
first blow off section at a center portion of the wafer transport section
bl ows ai rypegsihi cally against a rear face of the sem conductor wafer along a
transport direction of the sem conductor wafer, the second bl owoff section

bl ows air obl i gy %I‘Xlllﬂg%[‘lﬁﬁéfoﬁlgg s{egei‘g C(grﬁﬁg egft}hrgpﬁx §1%qu§§5?'&%¥1105 wafer in a

sem conduct or waf ransport section
has a give clea ance, i n t ctor th direction for

Fr anepor CORGRAP LSRR (g EfideS %ﬂ#&é‘ﬁ’a‘ﬁi}?‘%ﬁ‘t% #'on the transport
surface larger than the sem conductor wafer, and controls travel and
cooling of the sem conductor wafer through adjusting a flowrate of air
supplied fromthe prelimnary cooling nozzle, the first bl ow off section,
and the secondSbl &% Brefhodenfitiapsporting the semipondurioryplar agcedingto elaianspor ti ng
t he sem conductor wafer according to claim7, further conprising:

two or nwvherdienperature sensors for detecting a tenperature of the

sem conductor wafer transported on the wafer transport section and a
tenmperat ure of tHehgelsdifadBnebolihg stepad eindadtel ftgolig Blonend @bkigiultancously

from a nozzle provided above the semiconductor wafer that passes on a transportation

path and from the transportation path toward the rear face the semiconductor wafer.

6. The method of transporting the semiconductor wafer according to claim 1,
wherein

when the semiconductor wafer under a heating state at a given temperature is
cooled to a target temperature, a correlation between a cooling temperature and shrinkage
of the resin or the adhesive tape is determined in advance such that a warp amount of the
semiconductor wafer falls within a given range; and

a detector detects a temperature and a transportation speed of the semiconductor
wafer in the transport process, and at least any of a temperature and a flow rate of air
supplied towards the semiconductor wafer and a transportation speed of the

semiconductor wafer is controlled in accordance with detection results.

7. Semiconductor wafer transport apparatus for transporting a semiconductor
wafer covered with a resin or an adhesive tape, comprising:

a wafer transport section for transporting the semiconductor wafer under a
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a speed detector for detecting a transportation speed of the sem conduct or
waf er being transported with the wafer transport section; a nmenory
for nmenorizing a correlation between a cooling tenperature and shrinkage of
the resin or the adhesive tape such that a warp amount of the sem conductor
wafer falls within a given range when the sem conductor wafer under a
heating state at a given tenperature is cooled to reach a target
tenperatg5§h§%@g. a controller for controlling a tenperature of the
sem conduct o ma%er t hrough detecting the tenperature and the transport

speed of the s taor..wafer .t I Wt he waf er, t.ransport
section by theg?%%%@gQ.ﬁﬁghégﬁgg%%&gﬁggﬁﬁéggB@gHE%gFégW%¥?d%%8rggﬁécting a

condition for changi setting of at |east any of a tenperature and a flow
rate of 3??“@Uﬁ%V?@Hﬁgﬁﬁg?%aP%@”§§ﬁ@§bnductor wafer and a transport speed

of the senicond%ctor wafer in accordance with detection results.
a holding stage for mounting and holding the semiconductor wafer preliminarily

cooled; and

a cooler for cooling the semiconductor wafer on the holding stage.

8. The apparatus for transporting the semiconductor wafer according to claim 7,
wherein

the holding stage includes a first holding stage provided with the cooler for
cooling the resin to a glass transition temperature, and a second holding stage provided
with the cooler for cooling the semiconductor wafer to a room temperature; and

the wafer transport sections are arranged on an upper stream of the first holding

stage and between the first and the second holding stage.

9. The apparatus for transporting the semiconductor wafer according to claim 7,
wherein

the wafer transport section includes a first blow-off section and a second
blow-off section on a transport surface thereof, the first blow-off section at a center
portion of the wafer transport section blows air vertically against a rear face of the
semiconductor wafer along a transport direction of the semiconductor wafer, the second
blow-off section blows air obliquely against the rear face of the semiconductor wafer in a
semiconductor wafer width direction, in which the wafer transport section has a give

clearance in the semiconductor wafer width direction for transporting while floating the
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semiconductor wafer on the transport surface larger than the semiconductor wafer, and
controls travel and cooling of the semiconductor wafer through adjusting a flow
rate of air supplied from the preliminary cooling nozzle, the first blow-off section, and

the second blow-off section.

10.  The apparatus for transporting the semiconductor wafer according to claim
7, further comprising:

two or more temperature sensors for detecting a temperature of the
semiconductor wafer transported on the wafer transport section and a temperature of the
semiconductor wafer on the holding table;

a speed detector for detecting a transportation speed of the semiconductor wafer
being transported with the wafer transport section;

a memory for memorizing a correlation between a cooling temperature and
shrinkage of the resin or the adhesive tape such that a warp amount of the semiconductor
wafer falls within a given range when the semiconductor wafer under a heating state at a
given temperature is cooled to reach a target temperature; and

a controller for controlling a temperature of the semiconductor wafer through
detecting the temperature and the transport speed of the semiconductor wafer transported
with the wafer transport section by the temperature sensors and the speed detector, and
selecting a condition for changing setting of at least any of a temperature and a flow rate
of air supplied toward the semiconductor wafer and a transport speed of the

semiconductor wafer in accordance with detection results.
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