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TITLE OF THE INVENTION — ~ *G00002*

WAFER SEPARATION APPARATUS, WAFER SEPARATION AND TRANSFER
- APPARATUS, WAFER SEPARATION METHOD,
WAFER SEPARATION AND TRANSFER METHOD, AND

SOLAR CELL WAFER SEPARATION AND TRANSFER METHOD

TECHNICAL Field
[0001]
The present invention reiates-to a wafer separation
_apparatus, a wafer separation and transfer apparatus, a wafer
separation method, a.wafér separation and transfer method, and
a solar cell wafer separation and transfer method that separate

a batch of single wafers.

BACKGROUND ART
[0002]

Patent Document 1: JP09-237770A

Patent Document 2: JP11-214336Al1

Patent Document 3: JP11-233461A

In these years, demands for solar cells are rapidly
increasing because of a growing awareness of energy problems
such as exhaustion 6f fossil fuel sources and environmental

problems such as global warming.



TECHNI CAL Field [0001] The present invention relates to a wafer
"separation .apparatus, a wafer separation and transfer apparatus, a waf
separation method, a wafer separation and transfer nethod, and a sol ar
waf er separation and transfer nmethod that separate a batch of single

waf ers.

BACKGROUND ART [ 0002] Pat ent

[0003]

In these demands, for silicon'possibly to be the cells
for solar batteries, such high.purity'silicon.is demanded that
the purity is 99.9999% or more and the resistivity is 0.5 Ocm
or more, and off-specification products have been used for raw
materials, which are produced in fabricating high purity

silicon used in semiconductor industries, or in fabricating

substrates for IC, LSI, etc.

[0004]

However, particularly in the solar cell, because a
single solar cell module is fabricated using about 54
rectangular silicon wafers with a five-inch side, the used
amount is more enormous than the used amount of silicon wafers
for IC, LSI, or the 1like, high purity silicon for semiconductors
is expensive, and the yield of off-specification products is
small, causing a problem in that there is a limit to the amount
of silicon materials supplied"fbr the solar cell.

[0005]

Irladdition, probléms have not arisen so far because the
vield of off-specification products of electronic device
sili&on exceeds the demand of the solar cell. However, the
demand of the solar cell is exceeding the yiéld of
off-specification products of electronic device silicon today,
causing a serious problem of shortage of rawmaterials for solar

cell silicon.

er
cel |



Docunent 1: JP09-237770A Pat ent Document 2: JP11-214336A1 Pat ent Docunent

[0006]

On the other hand, because the solar cell silicon wafer
with a rough surface can surely provide the surface area, the
surfaces of wafers, which are single wafers after a silicon
ingot is sliced with a wire-saw, are not polished in mirror
finish like semiconductor wafers.

[0007]

Thus, in the fabrication process of the semiconductor
wafer, a large-sized, expensive separation and transfer
apparatus is used to carry single wafers to a machine for the
subsequent process step (surface finishing process or the like) .
However, the real situation in the fabrication process of the
solar éell wafer was that wafers are maﬁually separated one
by one without using an expensive, large-sized separation and
transfer apparatus, which affects product costs as well.
[0008]

On the other hand, in consideration of the
above-mentioned problems of shortage of rawmaterials for solar
cell silicon, réw material costs, or the like, the solar cell
wafer is also being reduced in thickness like the semiconductor
wafer, and manual one by one separation in the fabrication
process of the solar cell wafer tends to cause breakage or the
like. Because of this, there is an increasing demand for
small—sizéd, inexpensive separation apparatuses.

[0009]



. 3. JP11-233461A In these years, demands for solar cells are

rapi dly increasing because of a grow ng awareness of energy problens such
as exhaustion of fossil fuel sources and environnmental problens such as

gl obal warm ng. [0003] In these demands, for silicon possibly to
be the cells for solar batteries, such high purity silicon is demanded that
the purity is 99.9999% or nore and the resistivity is 0.5 CGmor nore, and
of f-speci fication products have been used for raw materials, which are
produced i n fablNo#at _Bngakgghnpubetycsivatensusedirh aeai cbhdedtirom an

I ndustries, or in fabrjcating_substrates for 1C, LSI, etc. [0004]
ingot formed in an almost cylindrical shape and attached to

a support plate using a wire-saw, are pre-washed in a
pre-washing device as the wafers are in a cylindrical pack
attached to the support plate in order to remove slurry, cutting
dust, or the like. After the pre-washed wafers are removed from
the support plate using a removing device in order to remove
the wafers from the support plate for single wafers, the wafers
are separated into individual wafers in a separation and
transfer apparatus, and then carried to the subsequent pfocess
step.

[0010]

At this time, ultrasonic cleaning techniques are known
in which slurry, cutting dust, or the like attached to wafers
is removed with air bubbles generated by a pre-washing device
(for example, see Patent Documents 1 to 3).

[0011]

Although ultrasonic washing is effective for washing the
side surfaces and two end surfaces of the silicon ingot, there
is a problem in that it is difficult to cause a washing fluid
to reach the back of the space between the sliced wafers, and
slurry, cutting dust, or the like attached to the wafer surface
cannot be completely removed, resulting in degraded washing
effect.

[0012]



However, particularly in the solar cell, because a single solar cell nodule
is fabricated using about 54 rectangular silicon wafers with a five-inch
side, the used anpbunt is nore enornous than the used anount of silicon
wafers for IC, LSI, or the like, high purity silicon for sem conductors is
expensive, and the yield of off-specification products is small, causing a
problemin that thereis alimt to the amount of silicon nmaterials
supplied. for the solar cell. [0005] I n addition, problens have
not arisen so fateBecalseenPeipgdite f cofmashgsbvpficdst fERMprle FripP Yt

el ectroni ¢ device silicon exceeds the denmand_of the solar cell. However,
the demaRdad YR&NGOTR? T&BIQVIiRg dRve€H hinAdeywalfar sieRA¥akHRRI it Y on

products of el ectronjc, device silicon today, causing a serious_problem of
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fabricat&g%agggﬁggﬁz?ﬁr£ e sarkqopducigr wafer, a large-sized, expensive

separation an er apparatuss used to carry single wafers to a
machi ne ggblhhe subsequent process step (surface finishing process or the
l'i ke) wever, the real situation in the fabrication process of the solar

cel | wafer was tRalewd erharndBnta@hhy seRgiat fdrane BY t@ie uddiirysi ng
an expensive, |arge-sized separation and transfer apparatus, which affects

product Gestsms awdlin[ 0A08hate contHAt therwtbgehharter RrcQNsi deration
of the above-nentioned pr.oblens of shortage of raw materials for solar cel

si licon, hoaw zeaiterl by stesilked etdtdee (piiked shate)l aheaethrwatdr, 6 S0
bei ng reduced in thickness |Iike the sem conductor wafer, and nmanual one by
one sepaltatiren iisnatpeobabmi tat tlvat pitocies didff itdhel ts danredealdb wafoerr iermils to
cause breakage or the |ike. Because of this, there is an increasing demand
for snul lsepiazed inqexpendtiense pacausen Hpparat tsed. resistance for
separating a Stationary wafer at the topmost position from a
wafer therebelow (directly therebelow) is static frictional
resistance greater than dynamic frictional resistance.
[0014]
Then, in the above-mentioned Patent Document 1, there
is disclosed that two jet nozzles that blow water upward are
provided in the inner lower part of a chuter in a separation
and transfer apparatus, pressure water is spouted from the jet
nozzlesthroughthespacebetweenthechuterandstackedwafers,
and this causes the topmost wafer to be slightly lifted by the
spouted pressure water when the topmost wafer is carried to

the top side of the chuter for performing smooth wafer

separating operations because the adhesion between the topmost



[ 0009] Now, a | arge nunber of wafers, which are sliced from an
ingot formed in an alnost cylindrical shape and attached to a support plate
using a wire-saw, are pre-washed in a pre-washing device as the wafers are
-.in a cylindrical pack attached to the support plate in order to renove
slurry, cutting dust, or the like. After the pre-washed wafers are renoved
fromthe support plate using a renoving device in order to renove the
wafers fromthe support plate for single wafers, the wafers are separated

i nto i ndweifgralarnvhfteres vafarsdpaesattilon trirebaheveisapgarvateds, and then
carried to the subsequent process step. [0010] At this tine,

ul trasoni c cl eani ng techni ques are known in which slurry, cutting dust, .or
the like attached to wafers is removed with air bubbles generated by a

pr e- washPRYMARN &F (FoF ENUEPIFéONsee Patent Docunents 1 to 3). [0011]

Al t hough _ul trasonic washing_ is effective for washing the side surfaces and
two end EBP@%&M?(?H%%eTgplF@XENFﬁﬁﬁ,I%rﬂQeﬁ?%VE problemin that it is
difficult t ﬁause a washing fluid to reach the back of the space between

t he slicégo fers, and slurry, cutting dust, or the |like attached to the

wafer surface cannol, e ¢anpleLelo d SIPYEHen LS Sd e | BrAGds 3989, 8501 ng
effect. [0012]
apparatus, problems have arisen that it is likely that wafers
are chipped in blowing pressure water to the wafers, which are
being reduced in thickness, and it is likely that if a wafer
in the subsequent layer is located at the position on the
downstream side of the transfer direction more than a topmost
wafer is'located, the second topmost wafer is also floated
together with the topmost wafer and carried together as they
are not separated.
[0016]

-Then, in consideration of the forgoing circumstances,
it is an object.of the present invention to provide a wafer
separation apparatus that can improve wafer separation
perfo;mancé in separation and transfer and can suppress the
occurrence of breakage or the like of wafers in separation and

transfer, while the apparatus is an inexpensive, small-sized

apparatus.

METHOD FOR SLVING THE PROBLEMS

[0017]



Then, in renoving the pre-washed wafers fromthe support plate using the
renovi ng device (single wafer separation) , they are immersed in a liquid
sol ution such as acetic acid or the like for renoving the wafers fromthe
support plate and they are sinultaneously subjected to secondary washi ng
for renoving remaining slurry, cutting dust, etc. [0013] However,
the individual single wafers after secondary washing are in intinmate
contact with each other in a horizontally stacked state (piled state) when
carried, so tha? wadex issrayaivbbrmpparabusi aceordiiflg @ tthe nrdsermt v
perforn1separat|ng operations because the initial resistance for separating
.a stati RO LdRA saghahactepirad bysin¢ budiRgm & AREFat theoafdBired
(dlrectly therebelom%yls static frictional re5|stance greater_than dynam c
fricti onalP V&LtskGmbly §opeApodate theﬁﬁ#ﬁ # nlekgcabyieste i ohiseg Fat ent
Docunment 1, there is disclosed that et _nozzl es that blow water, ggmard
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transfer %p aratus res e water .i s spoute romth ﬁ zz| es through
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a liquid bath configured to accommodate a liquid thereinside

into which the cassette support'is'immersed integrally with

the cassette when the hoisting unit descends; a nozzle provided

in the inside of the liquid:bath for issuing micro bubbles from

an underside of the cassette support toward a large number of

the wafers; and a micro bubble generator configured to generate

micro bubbles to be issued from the nozzle.

[0018]

In accordance with the wafer separation apparatus
according to the present invention, it is possible to improve
wafer sepération performance, and it is possible to suppress
the occurrence of breakage or the like of wafers, while the
apparatus is an inexpensive, small-sized apparatus.

[00109]

A wafer separation and transfer apparatus according to

the present invention is characterized by including: a cassette

configured to vertically accommodate therein a large number



[ 0015] However, in the above-nentioned separation and transfer
appar atus, problens have arisen that it is likely that wafers are chi pped
in blow ng pressure water to the wafers, which are being reduced in
thickness, and it is likely that if a wafer in the subsequent |ayer is

| ocated at the position on the downstream side of the transfer direction
nore than a topnost wafer is |ocated, the second topnost wafer is also
floated together with the topnost waf er and carri ed toget her as they are
not sepaPat édndloomgfers in imgdmaten qumsrder wifbnesfht indhas goihg
circunstances, it _is an object of the present invention to provide a wafer
separ at i 63 SESFdrRed At &3 SitniyedFd CReflef RGN 1% AFEFrIrERP L
separ at.i on d transfer and CEE sup ress t%occurrence of breakage or the
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cassette support integral with the cas | 1 quird bat'h configured to

accompdabe s ddddbthd hey shynebde: hdt@ A LB cERGIRRIA ¢nSURPUdsdStte
imrersed integrally with the cassette when the hoisting unit descends; a

nozzl e poetwdes i) ddwcénshdenebnt hed ivilidkHadhe f Pertssulng mr&l’éhg}?&tbm es
from an underside of the cassette support toward a | arge nunber of the

waf ers; and a @itate Hdubbile gendiatvifeosfagarrdriaocpenanat ariaidqedubbl es
to be issued fromthe nozzle. [0018]
liquid bath configured to accommodate a liquid thereinside into
which the cassette support is immersed integrally with the
cassette when the hoisting unit descends; a nozzle provided
in the inside of the liquid bath for issuing micro bubbles from
én underside of the cassette support toward a large number of
the wafers; a micro bubble generator configured to generate
micro bubbles to be issued from the nozzle; an unloading member
configured to unload a topmost wafer from the horizontally
arranged wafers hoisted from the inside of the liquid bath;
and a carrier unit configured to carry the topmost wafer
unloaded by the unloading member.
[0020]
Iﬁ accordance with the wafer separation and transfer-

apparatus according to the present invention, it is possible'

to improve wafer separation performance in separation and



In accordance with the wafer separation apparatus according to the present
invention, it is possible to inprove wafer separation performance, and it
is possible to suppress the occurrence of breakage or the |i ke of wafers,
whil e the apparatus is an inexpensive, small-sized apparatus. [0019]

A wafer separation and transfer apparatus according to the present
invention is characterized by including: a cassette configured to
vertically accomopdate therein a |large nunber of single wafers . in intimte
contact Wwiremsdsesh cam@ritt he passditle bed ngupbreeasthecadumttgnopentd; a
cassette support configured to renovably support the cassette, the cassette
support B&edkage peakhe ddke edl vy L epeistsenansitsamgndri rareher gurteile o
hoi st and | ower the cassette support integrally with the cassette; a

rot ati ng H§ PRRIAA e bR BRe IRGHRETHYL (M ts‘f‘%hrétléﬁidnglpcﬂ?é-’%t%%ette
support integrally with the cassette so as to switch the wafers
accormodddFiln the cassette between a state in which the wafers are

vertically arranged and a state in which the wafers _are horizontall '
arranged; a |i qﬂnf'i%d:eooé{% 'co%?‘? d’?ﬁ%ﬁrt%e%_%ﬁﬁ Haf"élda_tfria&ﬁ’l ¢4 ﬁé’rpé}l?%‘%l‘b% into
whi ch th%.c%%s.cscﬁ.trgge ARRALL, '351!5”Eﬁ?{xésgt%&%g@aﬁﬁyg}’%“a%htﬁé‘gcé:%sf%;& :ILqﬁi” q

t he hoi sting uni escends; "a hozzl'e provi € i nsi de

bat h T or 3 i35uidik MhCie e@'tziéeéex;rﬁfmﬁg HAAELS ARl d IR GISTE LB SURRR !

toward a [arge nunber of the wafers; |"e generat or nfigured to

gener at e (g Q, DUbbl £3n L pebepbssued f ramdhe: nozz! 8; qaretpl epding, er

configured to unload a topnost wafer fromthe horizontally arranged wafers

hoi st ed 1eamd baririsides i vdegl hgud bt br Andidd GAY &1 RSwirkh £ 5aN 1 @air ed
to carry the topnost wafer unloaded by thé unl oadi ng nmenber. [0020]

| n accor danegenicidaridrme nal£th sepoe at hen end deasstene tappardlits RGEQF4li ng
to the present invention, it is possible to inprove wafer separation

per f or maffios idivsepprag i owafelr detashensdantiaitt tihe pefHEbliad @ dgfEEss the
occurrence of breakage or the |like of wafers in separation and transfer,

- whi |l e t hécappatiaasrd srantendifi€rsiars, fmhl|ascaedyapgaratutse ; 0213
collecting device configured to collect a wafer determined that

the wafer has no defect by the defect determining device.

[0022] |

In accordance with the wafer separation and transfer
apparatus according to claim 3, if a separated wafer has any
aefects, it is poséible to eject (remove) the wafer in the
carrying process.

[0023]

Furthermore, the wafer separation apparatus or the wafer
separation and transfer apparatus according to claim 4 is
characterized by including é moving unit configured to move
the nozzle or the cassette support along a direction of

arranging the wafers.



Mor eover, the wafer separation and transfer apparatus according to claim3
is characterized in that the carrier unit includes: a defect determ ning
devi ce provided near an upstream side of a transfer path for determning a
defect on a wafer being carried; a diverging device provided on a
downstream side of the transfer path nore than the defect determ ning
device for diverging a wafer determned that the wafer has a defect. to a
discard route different froma carrying route; and a collecting device
configuré@0Rdlcol l ect a wafer determined that the wafer has no defect by

t he def'ect determ ning device.,£0022] In accordance with the wafer
separation and fPaRASFeFdaprsr Ut tl e yadicdysS e ERAILATBAPPR TS tESpAF ftha ‘
waf er has any defects,, it is possible to eject (renpbve) the wafer in the
Car ryi ngWARGEeSEPAEIAAR 2nd ETANS 4 ABRATAC ¢ LA EALRERET A I1BHR 2
apparatus or, t he waf se$aration nd .transfer qg arﬁégs a cordgp tqQq claim
4 is charbctdr FREF IR T nk? udlAGCATHY iHTE Uit Tont P gRPLast SO%GFE ¢ ozzl e

or the cgig@gn%éﬁggégttﬁ%oagf%r%{reption of arranging the wafers. [0024]
| n accor dance w e Wwaf er Separation apparatus or the wafer separation

and tran%5%55qpparatus according to claim4, it is possible to uniformy
i ssue mcro bubbles toward each space between .the wafers. [0025] In

addition, the e ti : I tl
wahesr 3§€PAbAL | Pe %f%ﬁaéla@éizaqrattﬂﬁl @%r;étﬁfggbé_ ﬂ:}?{) lﬁ}%gr R

transfer apparatus according to claim57is charac y inc

cover coRbibgw=Rd 40 LAYefrhh¥ecs dopan dheoradggside fxithhes cassette
support as the cassette support is inmmersed in the inside of the liquid
bath. [OR@RGracterized by including a cover configured to cover five
sides except the underside of the cassette support as the
cassette support is immersed in the inside of the liquid bath.
[0026]
In accordance with the wafer separation apparatus or the
wafer separation and transfer apparatus according to claim 5,
it is possible to facilitate causing micro bubbles to enter
each épace between the wafers.
[0027] |
The wafer separation appa;étus or the wafer separation
and transfer apparatus according to claim 6 is characterized
in that the micro bubble generator causes the nozzle to issue
negatively charged micro bubbles.
[0028]
In._accordance with the wafer separation apparatus or the

wafer sepération and transfer apparatus according to claim 6,

it is possible to cause micro bubbles to enter the space between
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In accordance with the wafer separation apparatus or the wafer separation
and transfer apparatus according to claimb5, it is possible to facilitate
causing mcro bubbles to enter each space between the wafers. [0027]

The waf er separation apparatus or the wafer separation and transfer
apparatus according to-claim®6 is characterized in that the mcro bubble
generator causes the nozzle to issue negatively charged m cro bubbl es.

[ 0028] In accordance with the wafer separation apparatus or the
waf er seplcavabarsgmpe tthatsthe mppue diukb bee s byoughdl anbore;hé tspagce, -
possi ble to cause micro bubbles to enter the space between the wafers so
t hat thelfi &he BPEISIePeiween dihtwabebsthbtspaseicerl widhspavd teets@en t he
wafers after sliced with a wire-saw is positively charged. [0029]

The waf efSs®P&itiBhl AppRAREFES -or the wafer separation and transfer
apparatUﬁ accgrding toclaim7 is characterized in that the mcro bubble
generator08§@ es the nozzle to issue a mcro bubble having a di aneter equal
to a width of a_groov ss, .t.he groove beiQ%;%&f with a wire-saw used

I ,
inslicing a si &wa?ﬁ?géﬁegﬁff&tgj% ERAITETES e wafer separation

and transfer apparatus according to claim 7 is characterized
in that the micro bubble generator céuses the nozzle to issue
a micro bubble having a diameter equal to a width of a groove
or less, the groove being cut with a wire-saw used in slicing
a silicon ingot into single wafers. |

[0030]

In accordance with the wafer separation apparatus or the
wafer separation and transfer apparatus according to claim 7,
typically, the groove width of a groove formed between the
wafers is the wire diameter of the wire-saw or more. Thus, it
is made possible to cause micro bubbles to enter the space
between the wafers by issuing micro bubbles having an air bubble
diameter equal to this groove width or less.

[0031]

The wafer separation apparatus or the wafer separation
and transfer apparatus according to claim 8 is characterized
in that the micro bubble generator causes the nozzle to issue
a micro bubble having a diametér equal to a wire diameter of
a wire-saw or less, the wire-saw being used in slicing a silicon

ingot into single wafers.
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[ 0030] In accordance with the wafer separation apparatus or the
waf er separation and transfer apparatus according to claim7, typically,
the groove width of a groove forned between the wafers is the wire dianeter
of the wire-saw or nore. Thus, it is made possible to cause m cro bubbles
to enter the space between the wafers by issuing mcro bubbles having an
air bubble dianeter equal to this groove width or |ess. [0031] The
waf er separati on apparatus or the wafer separation and transfer apparatus
accordi ngo©d2dl aim 8 is characterized in that the micro bubble generator
causes the nozzle to issue a mcro bubble having a dianmeter equal to.a wire
di aneter of a wilPeag@ardances¥ithidewpdesagepara§iosedrParstivsi oy the
silicon ingot into single wafers. 0032] . I n accordance with the
waf er sefar&E §RPAFFA T QATUSTS IR Sffie PPRFIR EES G T 1 RANE? Flapd at us
-according tqQ claim8, typically, ,the groove width of a groove. forned

bet ween tHELRE s ¢ HETAPYE ¥idtdt && & FFROVEr EosBG o Pehiieen THRR, it

i s nmade @ozsible tg nor e rq%iablg cauie m cro bubbles to enter_the space
bet ween P'AdSKET &FstBY ViEG AERPERS BhbHRe S HEST RYYL e BETE bubiBteE® dildmet er

equal t Oitshr%aw;agfogis%ﬁge{;oorﬁonlreesl% Ih:l?a Sfd é’é‘uéé‘emi"‘ J[*g lgjlllk%bgf%?er%o %gg:?’e?’]l
ans

The waf ef “separati on apparatus or the wafef separatfon a
copa RSOOSR S LS BBl LR o TR
100 Am Okpk€$Sr bubble diameter equal to the wire diameter or less,
based on the wire diameter.
[0033]

.The wafer'separation apparatus or the wafer separation
and transfer apparatus according to claim 9 is characterized
in that the micro bubble generator causes the nozzle to issue
a micro bubble having a diameter of 100 um or less.

[0034]

In accordance with the wafer separation apparatus or the
wafer separation and transfér apparatus according to claim 9,
the wire diameter of a wire used for the wire-saw ranges from
100 to 150 um. Thus, it is made possible toreliably cause micro
bubbles to enter the space between the wafers without providing
special design changes or the like by generating micro bubbles
having the air bubble diameter, based on the minimum diameter
of the wire.

[0035]

The wafer separation apparatus or the wafer separation

12



[ 0034] In accordance with the wafer separation apparatus or the
waf er separation and transfer apparatus according to claim9, the wire
dianeter of a wire used for the wire-saw ranges from 100 to 150 Am Thus,
it is made possible to reliably cause m cro bubbles to enter the space

bet ween the wafers w thout providing special design changes or the |ike by
generating mcro bubbles having the air bubble dianeter, based on the

m ni mum di aneter of the wire. [0035] The wafer separation apparatus or the
waf er sepadatirens fan aprarstars aurareding doe orld iy 10 i ghard@terized
characterized in that the mcro bubble generator causes the nozzle to issue
a micro Bubbhathihenglare Rwbbde genEFafAHCcawEss dhavirzdgke {®03sjue

I n accordance with the wafer separation apparatus or the wafer separation
and trandf BACXRpEREUS AT fy AERI M AD,29 t41 SHIKF DI FYITRI®ase
the volu of .an air layer for inplenenting nore reliable separation by

i ncr easi Qoﬁﬁé nunber of mcro bubbles that enter the space between the
wafers in a |arge nunber. In addjtion, hecause a |large or small errar.
bocurs i n the ol BUBBFEAGCARL Bh e Mot ERPEra HbFEEars e dtent

it 1 pogsile thal the.mean value ks dgberuined.ta bg the griterbon, of the

di anet er ai r “bubbleés generate ef’1 nrng e Jary bu

di ameter . [ Q@Qossjﬂle tghgn\é@fe%rsesgtg?% %}%ﬁ%{]@? et LANShEr § : ?%%fl y

according to clfaim I's characteriz € cassefte Ve

accomodates dnfisi e A 98 10URNRY b the sihgl e yef aéﬁha tRL ifRiSer
the w re-saw used in

&d
cont act mﬁ?ﬁ'gach Sﬁ%er so that a runklng direction o .
slicing arsidilcG b9t e NEAas BatR Al SshScd hBe 8ARBRAS HeAkRIE L4 Opdli Ng

and transfer directions of the unloading nenber and the carrier unit.
a_large number. In addition, because a large or small error
occurs in the air bubble diameter of actual micro bubbles to
some extent, it is possible that the mean value is determined
to be the criterion of the diameter of air bubbles to be
generated for defining the air bubble diameter.
[0037]

The wafer separation and transfer apparatus according
to claim 11 is characterized in that the cassette vertically
accommodates therein a large number of the single wafers in
intimate contact with each other so that a running direction
of the wire-saw used in slicing a silicon ingot into single
Wafers'is the same as wafer unloading and transfer directions
of the unloading member and the carrier unit.

[0038]

In accordance with the wafer separation and transfer

apparatus according to claim il, the direction of cuts formed
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[ 0038] In accordance with the wafer separation and transfer
apparatus according to claim 11, the direction of cuts forned along the
wire running direction in slicing the ingot using the wire- saw and the

waf er transfer direction are made the sane. Thus, it is possible to
suppress the occurrence of scratches crossing the wire carrying direction
in carrying the wafers. [0039] The wafer separation and transfer
apparatus according to claim 12 is characterized in that the rotating unit
suppor t s 2LeE g ddret B S uppbBRi nNgo diFgC td aropl R dgrel o1 nghsheafievge tc orasne | ose
to a vertical inner wall surface of the liquid bath in the state i-n which

t he waf ef§€ayeroeFavcaid I Vahgadt baas heE shbriat taniare Radeasbetsamshen
the cassette suypport is erected. [0040] In accordance with the

waf er separsti d'refpé'?d RS WPHRRIRSScERBRIPRGUFS S8ICS Ml Scyatghes
possible to elimnate the event that mcro.bubbles entering.the space
bet ween ERESRTE & HE U § (RAT DY CRAF oG8 1 Po CAEVY WMo s MBI SF Shen

t he cass%%%gsﬁupport is erected to horizontally arrange the wafers. [0041]

The wafer separation and transfer apparatus according
to'claim.iz is characterized in that the rotating unit supports
the cassette support so that a top edge of the wafers comes
close to a vertical inner wall surface of the liquid bath in
the state in which the wafers are vertically arranged and
accommodated in the cassette when the cassette.support is
erected.

[0040]

In accordance with the wafer separation and transfer
apparatus according to claim 12, it is possible to eliminate
the event that micro bubbles entering the space between the
wafers cause the individual wafers to move unexpectedly when
the cassette support is erected to horizontally arrange.the
wafers. |
[0041]

A wafer séparation method according to the present
invention is characterized by including: an accommodating step
of vertically accommodating a large number of single wafers
in a cassette in intimate contact with each other, the cassette

being at least vertically opened; a mounting and supporting
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A wafer separation nethod according to the present invention is
characterized by including: an acconmopdati ng step of vertically
accomodating a | arge nunber of single wafers in a cassette in intimte
contact with each other, the cassette being at |east vertically opened; a
mounting and supporting step of nounting and supporting the cassette on a
cassette support at |east vertically opened; a |owering step of |owering
the cassette support integrally with the cassette using a hoisting unit and
i mrer si ng e adafreewnivengi eadl puppcaitgeaty i the ¢hgaedtien can d msiskkebtet he
liquid bath; and a mcro bubble issuing step of issuing mcro bubbles

gener at eGURPF hP&r bedBBIIET et &Y IP¢RedT &n lomearisiaieteb ehd angisend e
support toward the wafers vertically arranged and causing the mcro bubbles
to enterQ&%ﬂ%ﬁ%ﬁﬁ#?@aSVEP@étn&ﬂ&ﬁgnﬁl%me}ﬁﬁiQFGuﬁﬁﬁﬁgaﬁﬁxu%U@EZT

In accorgﬁnce W th the ﬁgfer separati on nethod according to the present

i nvent i ofP4SHIRT pabt B L8NS A YR IS VAL O Pkt Y HierRESd gl it

i s possible.to.suppress the occurrence. of breakage or the I|.ike qf ers,
whi Do tnd dsart B B Arrtds ehoFRE T S P BRRES Bk Aarie ™ QuiRis o
A waf er atio d.tr {: Lng esent in tion
i's charaé?%%%?g%E%vagﬁg%uggﬁgig n éggghgggﬁ%?%g g%gsgggeggfﬁ}é%ﬂvbggg
accommdyf iy & J M IF ﬁblgb@%ﬁﬁlf an Qﬂ{ & Sof“tﬁecéi%,%te $d rE[L;l;\S)EBbPﬁ‘te _
contact wth ea . ot her, e cassette being at T'east vertica opéned;
amounti ng A URRONA PG 8t 6806 HRUY 10 As SURRA ELOG1LIL «GAsHRId S, On 2
cassette support at |east vertically opened;”"a |lowering stép of |owering
the casseuidIsUPRY lerttre @] It W tifh Bhe a RS SRR MY NG HR R NG aMi t
and imMmersing the wafers vertically arranged in a liquid in an inside of
the |iquivéhfeatd; a micro bubble issuing step of issuing mcro bubbles
generated in a mcro bubble generator froman underside of the cassette
support tlowarad the wafers vertically arranged and causing the mcro bubbles
to enter and stay in each space between a | arge nunber of the wafers; a
‘rotating step dmn aotaridagcieheichsdet wefeuppeopirant egrme tlyodisidrdidking
cassette to horizontally arrange a | arge nunber of the wafers using a

rot ati ng tenitthe whiesenheinvent ibubblids isntpeosandlst &p iimpeacte spater bet ween
a large nunber of the wafers; a hoisting step of hoisting the cassette
support iseregiadlign wwehfohmapngassetnd dist the paseiblar sohenipwrss | yhe
arranged using the hoisting unit and |ifting a topnost wafer above at | east
a |iqui docsrairesice el | pyarbapst wr dhant bagli af vaéprer wiidRliteet he
topnost wafer lifted above the liquid level: and a carrying step of

car ryi ng PPN Waded Waf aReXpeng4|ve, small-sized apparatus.

[0043]

A wafer separation and transfer method according to the
present invention is characterized by including: an
accommodating step of vertically accommodating a large number
of single wafers in a cassette in intimate contact with each .
other,thecassettebeingatleastvérticallyopened;anmunting

~and supporting step of mounting and supporting the cassette
on a cassette support at least Vertically opened; a lowering

step of lowering the cassette support integrally with the
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In accordance with the wafer separation and transfer nethod according to
the present invention, it is possible to inprove wafer separation
performance in separation and transfer, and it is possible to suppress the
occurrence of breakage or the |like of wafers in separation and transfer,
whil e the apparatus is an inexpensive, small-sized apparatus. [0045] A
waf er separation and transfer nethod according to the present invention is
characterized by including: an accommobdating step of vertically .
accommpd&eisHg e argenguabbeist igiongiel weded sitmegsdags éihtee watems i nat e
contact with each other after renoval of the wafers, the cassette being at
| east veMEX¢dq3L 1y garedIethdond ildgwd isuppoims ke stfephefl howhd it and
supporting the cassette on a cassette support at |eastvertically opened; a
pr e- was hPnfistepPBPPLenes FRgNOhEL BRIk S Wi aticihtadiul ey dfnaratrd
cassette,usinﬁ,a hoLs gg% uni t and re-mashig&athe wafers vertically
arranged:™aft UhFE8d Hé d9ERERATRF SO G URGSHR I Sld T AESTE R
cassette after pre-was . a_lowering ste f i mmersi the carried
Caoset { o SRR GO Chie MASHE SR LY R TIosd hT S BIHHE Fa8ui ng
step of hi%#léq%dﬂbqeos b&p%lnecsexgeﬁr}lec{ aslteacl/ : 'r}h%arg eI ab&é)%e%‘gﬁe?ﬁraatloarr fé om an
t d the wa rtica

underside o e cassette suppor owar ers ve y arraﬁbed'and

o Do U b PHOOEE et 01 005! Yeh LA APANE R B A (&1 9

nunber o e ers; a rotating step o € Suppor

i ntegral kyg¥daht e &pssetd et enhont zegéelekzea%aﬂa%iaohacraqqgﬂéa@% the
wafers using a rotating unit, while the mcro bubbles enter and stay in
each spage]heeranmbdraicie theThalr fs g et N UdNY, hePL Ofthe
hoi sting the cassette support integrally wth the cassette as the wafers
are hori sartrad bubaué@r@eﬂeﬂgﬂwsta? fwesidhngpabktbetibe dh bt 1 a9ga dunpmst
waf er above at least a liquid |level of the liquid bath; an un?oading step
of unl oadifnghtheafepapsi hwdfearing ktteg afidvei sbenki tiwe tadsvete sagbart
carrying step of carrying the unl oaded wafer. [0046] I n accordance
wi t h t he imdfegyrasieiparet tonthadchsarsfrer arettioel wafordi aget botrie oprtesiEng
invention, it is possible to pre-wash sliced wafers and al so separate and
carry therslangsfl wefiars, thedieistsngl ynipossidblé fid ngorplepaios mwtadmt e t he
-operation process steps from pre-washing to separation and transfer. [0047]
A sol ar eddvenatelesspapat +anidnteveanst erhersl el ddworili i valided imesent
invention is characterized by including: a slicing step of slicing a
silicon BY§H qﬁn%ﬁﬁ%ﬁ¢ynaﬁﬁﬁeat§mmaﬁq wiite 1hiecd rarye flebdrigiid
waf ers; a remnoving step of renoving the sliced silicon ingot fromthe
support prYEd if AR hgFRTWEEEFs Stk & difbtat RAgtEeepdrafsd ivat¢y-
accommod %%%% a large nunber of the single wafers in a cassette in intimte
contact W 3dach other after removal of the waf ers, the cassette being at
| east vertically _opened;.a mounting,and s orting step of nting and

el L S g R S ie il S

supporting the casSette Oha cds

'Owingﬁ%ittg%a)faa 440 E@etﬁg.sggé%gnﬁagg%htii%&ggrig :i{/s g@&ggfﬁge cassette

using a ng uni't ‘and 1 nmer Si e ers vertic rranged in a

l'iquid i | JaSi Lui ' 1 CLoshu [ | ep of
i sgui ng %m??fg] \}b%abvg‘ffeés){ géegg?g? ggb?ln%%qrg%ﬁ%g%%bf‘g gghgﬁj gt% ?r&?%orfné aPl
under si de ,@f I8 Cass@ti€ $HPRRLkible to suppress the occurrence of

breakage or the like of wafers in separation and transfer, while
the apparatus is an inexpensive, small-sized apparatus.
[0045]

A wafer separation and transfer method according to the
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toward the wafers vertically arranged and causing the mcro bubbles to
enter and stay in each space between a |arge nunber of the wafers; a
rotating step of rotating the cassette support integrally with the cassette
to horizontally arrange a | arge nunber of the wafers using a rotating unit,
while the mcro bubbles enter and stay in each space between a | arge nunber
of the wafers; a hoisting step of hoisting the cassette support integrally
with the cassette as the wafers are horizontally arranged using the

hoi st i ngPygiseEdnd NIVeRE hgnalsopheseakeferzebdve dncleddnga lAmuid | evel of
the liquid bath;_ an unloading step of unloading the topnost wafer lifted
above thécr:ioqmqaiqfeva STLR & Vﬁﬁ&lﬁaéplﬁbﬁwr%ﬂ%t%%% iR dURI®ef ;. and
a transfer step_of transferring the carried wafer to a solar cell

f abri cat Pénséﬁlﬁéﬁat“@sfel[%m]a cassette| jnatRbi BahEe CRALR At 144t &2 |

waf er se ation_and transfer nethod according to the resent nvention, it
o s BEERLSE Fo??@“‘ﬁ?é(ﬁ‘&rOgebﬁ?a‘f?gﬁrﬁer'%%g é%epla?%t&'rtoﬁ o

t f f I | | i b 1 .

occur  on¥B T B SRERL o R 519 DAL E G ; SL{‘F ﬁalot%ﬁsrf%r,
whi | h , | ion,
"1 i ol SpChRREH 1l e [ERRRRT R o 4a$éé€?§a§§%§§f¥&2 AUt cal |y

col | ect egg %l%ang{flbp% dfehl PebQésHl PSte réf"l@ﬂeglt%'??a&p%tcg s\lg%ésequent

coll ection box a | 'ected s auto |ca carrie

step usi BYRIAH Ltk %gﬁétll%f mlt[l’pg‘ﬂl%] cassette {[anéoéq{ofﬂln&ajr?{t and

separation and trans met hod according to claim18 is characterized in
that in phe wadsief Hevatdes Wadefitslliyanshanged ;t anduehidialg elrcdi ng

apparatus for texture treatnent to fabricate a p-type wafer or n-type

wafer. [Q@@2@ying step of unloading and carrying the cassette after
pre-washed; a lowering step of immersing the carried cassette
in a liquid in an inside of a liquid bath; a.micro bubble issuing
step of issuing micro bubbles generated in a micro bubble
generator from an'ﬁnderside_of the cassette support toward the
wafers vertically arranged and causing the micro bubbles to
enter and stay in each space between a large number of the
wafers; a rotating step of rotating the cassette support
integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bubbles enter and stay in each space between a large number
of the wafers; a hoisting step of hoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a liquid level of the liquid bath; an unloading

step of unloading the topmost wafer lifted above the liquid
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The wafer separation nethod, the wafer separation and transfer nethod, or
the solar cell wafer separation and transfer nethod according to claim 19
is characterized in that in the mcro bubble issuing step, the nozzle or
the cassette support is noved along a direction of arranging the wafers.

[ 0051] The wafer separation nethod, the wafer separation and
transfer nethod, or the solar cell wafer separation and transfer nethod
according to claim?20 is characterized in that before starting the mcro
bubbl e i deviedg fred,a f¢yeryides séepemtt tdrruntegstle vhlokclechssetee.
support is covered with a cover as the cassette support is inmmersed in the
i nsi de ofl%0¥&1l i qui d bath. EFFECT OF THE | NVENTI ON [ 0052] The waf er
separation apparatus according to the present invention can inprove wafer
separation perf dFm@TELTIRREDpaY At RoRhgn#afiean sfepanati eanasdpsress fiare
occurrence of breakage or the |ike of wafers in separation and transfer,
whil e t h&€ FELTE DG FRepRRYSSNE ARV estiod affarlst BSOS SR to

DESCRI PTlp:Cr]g—%s-l;ngllce\g 'x\/lv%ﬁers and also separate and carry the sliced

wafers, and it is also possible to completely automate the
operation process steps from pre-washing to separation and
transfer.

[0047]

A solar cell wafer separation and transfer method
according to the present invention is characterized by
including: a slicing step of slicing a silicon ingot integrally
with a support plate into a large number of wafers; a removing
step of removing the sliced silicon ingot from the support plate
for single wafers; an accommodating step of vertically
accommodating a large number of the single wafers in a cassette
inintimatecontactWitheéchotherafterremovalof1ﬂuawafers,
the cassette being at least vertically opened; a mounting and
supporting step of mounting and supporting the cassette on a
cassette support at least vertically opened; a lowering step
of lowering the cassette support integrally with the cassette
using a hoisting unit and immersing the wafers vertically
arranged in a liquid in an inside of the liquid bath; a micro
bubble issuing step of issuing micro bubbles generated in a

micro bubble generator from an underside of the cassette support
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[ 0053] Fig. 1 is a cross sectional view depicting a wafer
separation and transfer apparatus in the front side direction, including a
waf er separati on apparatus according to an enbodi ment” of the present
‘invention in which wafers are set; Fig. 2 is a cross sectional view
depicting the wafer separation and transfer apparatus in the front side
direction, including the wafer separation apparatus according to an

enbodi ment of the present invention in which air bubbles are issued (wafer
separ at i spwatrgt éhe wafers ¥Fegtigadlowsintmnged eandepanatingn tdyspariat s
according to an enbodi nent of the present invention, (A) is an enlarged
Cross segﬂb@dﬁs Foe@ngepi andngtatel e seel i spaparke thesn my targe elumbenshi p
bet ween wafers and air bubbles, and (B) is an illustration depicting an air
bubbl e; ©f the wafersyz g yofatrigys sse@ PEEPL It ERIdepr CESHE E TR sMERITt
separatiqgn and transfer apparatus in the side direction, including the

vaf er sepBt&GTe hpardt dd e @i 3t hhet boaROEBEat Ry G TNYHrederige
invention in whic fers_are vertically arranged; , ig. 5is an

i |lustr aﬁuﬁe&emét"}%‘g YHEShir BP188par art‘flt&FJaRﬁi Rohst }SPléﬁpéﬂFﬂﬁ JeLcTo
includin f separat Lpon apparatus accordi ng to_an enmbodi nent of the
pr esent gﬁ%%ﬁle:%ne%{tnegmﬁ?%ﬁ ﬁfg? rg%aregt orit7on gf? 3?%%928?96 HUmbeEr g,

. n . ch \ f ! ,
6 is an i UgLr f@Psd%Ph%E!s’Eg_r{ad;%g‘ré%tﬁé rggg%gg@ggég@%%ége%%f‘s@ A atus

i ncl uding 't he water séparatlon _ 0 an e t he
present HEE%@Q&%lfﬁhfkﬂw%ﬁé tSs68thtlfds the wafers are horizontally

arranged using the hoisting unit and lifting a topmost wafer
above at least a liquid level of the liguid bath; an unloading
step of unloading the topmost wafer lifted above the liquid
level; a cafrying step of carrying the unloaded wafer; and a
transfer step of transferring the carried.wafer to a solar cell
fabrication apparatus.

[0048]

In accordance with the solar cell wafer separation and
transfer method according to the present invention, it is
possible to improve wafer separation performance in separation
and transfer of solar cell wafers, and it is possible to suppress
the occurrence of breakage or the like of wafers in separation
and transfer, while the apparatus is an inexpensive,
small-sized apparatus. In addition, it is also possible that
after the carried wafer is collected automatically collected
in a Wafer collection box in the carrying step and the wafer

collection box after collected is automatically carried to the
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Fig. 7 is an illustration depicting the wafer separation and transfer
appar at us "according to an enbodi nent of the present invention:;

Fig. 8 is a flowhart depicting an operation routine from waf er slicing to
separation and transfer for the wafer separation apparatus according to an

enbodi nrent of the present invention; Fig. 9 is a flowhart
depieting a transfer operation routine for the wafer separation apparatus
according to an enbodi ment of the present invention; Fig. 10 is an

i |1 ustrasubsesiuaie SppRrusiusgl ayoutl tof- xdeowa® BN . separ at i on- appar at us
accordln%gto an enbodi rent of the present invention, including pre-washing;
[

Fig. 11 i 049%i I l ustration depi cting the shaping process of a silicon
ingot; Fig. 12 is an illustration depicting a silicon ingot being sliced;
and Fi Jhe1$qlan et udrEsti 6@9@@@%%96@ strrBsA NGt R or e

separ at ed (bat
P ac % 139 to claim 18 is characterized in that in the transfer

step, the wafer‘is_transferredtx:a chemical etching apparatus
for texture treatment to fabricate a p-type wafer or n-type
wafer.
[0050]

The wafer separation method, the wafer separation and
transfer method, or the solar cell wafer separation and transfer
method according_to claim 19 is characterized in that iﬁ the
micro bubble issuing step, the nozzle or the cassette support
is moved along a direction of arranging the wafers.

[0051] |

The wafer separation method, the wafer separation and
transfer method, or the solar cell wafer separation and transfer
method according to claim 20 is characterized in that before
starting the micro bubble issuing step, five sides exéept the
underside of the cassette support is covered with a cover as
the cassette support is immersed in the inside of the liquid

bath.
EFFECT OF THE INVENTION

[0052]

The wafer separation apparatus according to the present
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DESCRI PTI ON OF REFERENCE NUVERALS AND SI GNS [ 0054] 1Sili con i ngot laSilicon
waste material I bSilicon waste material 2Silicon block 3Wre-saw 4Wre
5Wre guide

invention can improve wafer separation performance in
separation and transfer and can suppress the occurrence of
breakage or the 1like of wafers in separation and transfer, while

the apparatus is.an inexpensive, small-sized apparatus.

BRIEF DESCRIPTION OF THE DR_AWI.NGS
[0053]

Fig. 1 is a cross sectional view depicting'a wafer
separation and transfer apparatus in the front side direction,
'including a wafer separation apparatus according to an
embodiment of the present invention in which wafers are set;

Fig. 2 is a cross sectional view depicting the wafer
separation and transfer apparatus in the front side direction,
including the wafer separation apparatus according to an
embodiment of the present invention in which air bubbles are
issued (wafer separation state);

Fig. 3 shows the wafer separation apparatus according
to an embodiment of the present invention, (A) is an enlargéd
cross sectional view depicting the essential part showing the
relationship between wafers and air bubbles, and (B) is an
illustration depicting an air bubble;

Fig. 4 is a cross sectional view depicting the wafer
separation and transfer apparatus in the side direction,
including the wafer separation apparatus according to an .

embodiment of the present invention in which wafers are
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6Wre feed pulley 7Wre w nding pulley 8Wre w ndi ng device 9Mount nenber
10Support plate 11Safer separation and transfer apparatus 12Cassette
12alower openi ng 13Cassette support

vertically arranged;

Fig. 5 is an illustration depictiné the wafer separation
and transfer apparatus, including the wafer separation
apparatus according to an embodiment of the present invention
in which wafers are horizontally arranged;

Fig. 6 is an illustration depicting the wafer separation
and transfer apparatus, including the wafer separation
apparatus -according to an embodiment of the presént invention
as a wafer is carried;

Fig. 7 is an illustration depicting the wafer separation
and transfer apparatus according to an embodiment of the present
invention;

Fig. 8 is a flowchart depicting an operation routine from
wafer slicing to separation and transfer for the wafer
separation apparatus according to an embodiment of the present
invention;

Fig. 9 is a flowchart depiéting'a transfer operation
routine for the wafer separation apparatus according to an
embodiment of the present invention;

Fig. 10 is an illustration of the apparatus layout of
the wafer separation apparatus according to an embodiment of
the present invention, inqluding pre—waéhing;

Fig. 11 isan illustration depicting the shaping process
of a siLicon ingot;

Fig. 12 is an illustration depicting a silicon ingot
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13aLower opening 14Hoi sting unit 15Rotating unit 16Liquid bath 17Nozzle
18M cro bubbl e generator 19Unl oadi ng nenber 20Carrier unit

being sliced; and
Fig. 13 is an illustration depicting a silicon ingot

before separated (batch).

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS

[0054]
1 Silicon ingot
la " Silicon waste material
1b Silicon waste material
2 Silicon block
3 Wire-saw
4 Wire
5 . Wire guidé
6 Wire feed pulley
7 Wire winding pulley
8 Wire winding device
"9 Mount member
10 Support plate
11 Safer separation and transfer apparatus
12 Cassette
12a Lower opening
13 Cassette support
13a Lower.opening
14 Hoisting unit
15 Rotating unit
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21Movi ng unit 22Cover 23Shaft 24l nternedi ate support 25Cui de rai

plate 27Fi xed shaft 28Fi xed base 29Support base

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Liquid bath

Nozzle

Micro bubble generator
Unloading member
Carrier unit

Moving unit

Cover

Shaft

Intermediate support

Guide rail

Guide plate

Fixed shaft

Fixed base

Support base

29%a Lower plate
29b Upper plate
29c Vertical plate
Shaft support part
Drive motor

Drive pulley
Rotating shaft
Idler pulley
Endless belt
Rotating arm

Roller member
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29alLower plate 29bUpper plate 29cVertical plate 30Shaft support part
31Drive notor 32Drive pulley 33Rotating shaft 341dler pulley 35Endl ess belt

38 Transfer support plate

39 . Defect determining device
40 Transfer belt conveyor

41 Diverging device

42 Collecting device

43 Cabinet

44 Servo motor

45 Drive pulley

46 Idler pulley

47 Belt

48 Ball screw

49 Hoisting and lowering member
50 Wafer collection box

51 Guide rail

52 Guide projection

53 Coupling part

61 Pre-washing bath (pre-washing device)
62 Conveying device

"BEST MODE FOR CARRYING OUT THE INVENTION
[0055]

Next, a wafer separation apparatus according to an
embodiment of the present invention will be described with
reference to the drawings. In addition, an embodiment shown

below is a preferable, specific example of a wafer separation
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36Rotating arm 37Rol | er nenber 38Transfer support plate 39Def ect _
determ ni ng device 40Transfer belt conveyor 41D verging device 42Col | ecti ng
devi ce 43Cabi net

apparatus according to the present invention. For example, in
some cases, technically preferable limitations are'variously
placed such as limitations on numeric values, materials, etc.
However, the technical scope of the present invention is not
limited to these modes unless otherwise noted that the present
invention is limited particularly.

[0056]

First, for describing the wafer separation apparatus
accordiﬁg to an embodiment of thé present invention, an
exemplary fabrication process before the separation of silicon
single crystal wafers will be described with reference to Figs.
11 to 13.

[0057]

More specifically, as shown in Fig. 11, for the silicon
single crystal wafer, a nearly cylindrical silicon ingot 1 (see
the upper part in Fig. 11) integrally has a silicon waste
material in a nearly conical shape at the.left and right end
(the upper and lower- end in growing the ingot), which was
produced by the Czochralski method (pulling method) or the like,
silicon waste materials la and 1b are cut off, and the ingot
1 is cut out in a suitable size (length) as necessary (see in
the middle part in Fig. 11). A silicon block 2 ina prism having
a nearly rectangular cross section (each corner is beveled in
some cases) is then obtained from a cylinder using a band saw

or the like (see the lower part in Fig. 11).
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44Servo notor 45Drive pulley 46ldler pulley 47Belt 48Ball screw 49Hoi sting
and | oweri ng nenber 50Wafer collection box 51Cui de ra_i | 52Cui de projection

[0058]

More specifically, in fabricating silicon wafers for
solar cells, the cross sectional shape of the silicon block
2 is preferably in a rectangle or nearly rectangle, and one
cut out of the silicon ingot 1 is preferable.

[0059]

Subsequently, as shown in Fig. 12, the silicon block 2
is sliced into a large number of wafers using a wire-saw 3.
[0060]

This wire—séw slices the silicon block 2 into a large
number of wafers, in which a plurality of wire guides 5 (fér
example, three guides) with a éutting wire 4 spirally wound
thereon along a plurality of grooves are rotated to run the
wire 4 while slurry that is a mixed solution of 0il and abrasive
grains is discharged from a slurry nozzle, not shown, and
cutting feed is provided between the wire 4 and the silicon
block 2 in tﬁis state.

[0061]

In addition, in Fig. 12, 6 denotes a wire feed pulley,
7 denotes a wire winding pulléy, and 8 denotes a wire winding
device.

[0062]

Moreover, in slicing the silicon block 2 using the wire

4, for example, a support plate 10 made of glass or the like

is mounted on a mount member 9, which is made of stainless steel
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53Coupling part 61Pre-washi ng bath (pre-washing device) 62Conveyi ng device
BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0055] Next, a wafer
separation apparatus according to an enbodi nent of the present invention
will be described with reference to the drawings. In addition, an
enbodi mrent shown below is a preferable, specific exanple of a wafer
separation apparatus according to the present invention. For exanple, in
some cases, technically preferable limtations are variously placed such as
limtati ofstde duks iand/ ginmsidedtenialgloekchobgtener supperttectaiioczg , scope
of the present invention is not limted to these nodes unless otherw se
not ed t h&Pt FEPFesEd itrenteRrside| ofi tea palicem Bliogk [0Gs6Joonded

and fixed to the underside of the support plate 10 through an

adhesive, not shown. Furthermore, in slicing with the wire 4,

cutting grooves are partially provided to the lower part of

the support plate 10 in order to facilitate the separation of

the individual sliced wafers into single wafers.

[0063]

After that, the support plate 10 is demounted from the
mount member 9, and then the siliconblock 2 with cutting grooveé."'
is obtained, which is a cylindrical pack of wafers attached
to the support plate 10 as shown in Fig. 13.

[0064]

This silicon block 2 is pre-washed in a pre—washing
device, not shown, for removing slurry, cutting dust, or the
like as the cylindrical pack of wafers is attached to the support
‘plate 10, and then the support plate 10 is removed from the
silicon block 2 by secondary washing for single wafers.

[0065]

In the following, transfer performed by the wafer
separation apparatus according to an embodiment of the present
invention will be described with reference to Figs. 1 to 7.
[0066]

Fig. 1 is a cross sectional view depicting a wafer

separation and transfer apparatus in the front side direction,
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First, for describing the wafer separation apparatus according to an
enbodi mrent of the present invention, an exenplary fabrication process
before the separation of silicon single crystal wafers will be described
with reference to Figs. 11 to 13. [0057] More specifically, as
shown in Fig. 11, for the silicon single crystal wafer, a nearly
cylindrical silicon ingot 1 (see the upper part in Fig. 11) integrally has
a silicon waste nmaterial in a nearly conical shape at the left and right
end (theimsderdiamg thheevaéad sepgrewivn tdppangbuy, ankiooldiwes 7 coimced by
t he Czochral ski nmethod (pulling nmethod) or the like, silicon waste

mat eri al smbeddment of £hatprgsenaninvastiogotinl why chutwadierd mee sigt abl e
size (length) as necessary (see in the mddle part in Fig. 11). A silicon
bl ock 2 A% Brism RAPERgSAChearky VeevairRd ak 1BFoske e 10 ePadd ot ner
is beveled in sone cases) is then obtained froma cylinder using a band saw
or the | PRE fFeeshifd PORAT AT I ey frept sidspggrection, iggplaiding
specifically, in fabricating silicon wafers for, solar cells, the cross
sectionaF%§h¥ Nl %ﬁﬁ??ﬁ?%%ﬁwﬁ?ﬁﬁEﬁtESi§CEP€FéP§bF? PR &Rt e F

nearly rectangl e nd one cut_out of .the siljc ingot 1.is preferable.
[ 0059] T l?bnat A R PRI it ai':?—’gif’u%,l.etshé‘rﬁ |1i586%0ﬁ|§%%a<&2ri s

sequentTy, as shown 1'n

£, R T, DR ea AL L W

This wir ces the'sil inmto a Targe nu

which a gluwgl 'its%q Yo %r&ngag%@%i SEUn XA . [IUAE OLLHOS 1 44 U )

cutting wre . wount thereon al'ong a plura |ty-of.gr oves are
rotated @ ryn etr_meaiégl[é@ Ar¥8L| getluldng 1t RAted Sd%)gbﬁﬁglgs‘EHét e i1 and

abrasive grains is scharged froma slurry noz shown, and cutting
feed is paew dedwisigeer 18 aWildheh AN bdtifesh WL Hl 0K 2 4 B sf at e.
and Fig. 3(B) is an illustration depicting an air bubble. Fig.
4 is a cross sectional view depicting the wafer separation and
transfer apparatus in the side direction, including the wafer
separation apparatus according to an embodiment of the present
invention in which wafers are vertically arranged. Fig. 5 is
an illustration depicting the wafer separation and transfer
apparatus, including the wafer separation apparatus accérding
to an embodiment of the present invention in which wafers are
horizontally arranged. Fig.6:usanillustrationdepictingthe
wafer separation and transfer apparatus, including the wafer
separation apparatus accdrding to an embodiment of the present
invention as a wafer is carried. Fig. 7 is an illustration
depicting thé wafer separation and transfer apparatus

according to an embodiment of the present invention. Fig. 8

is a flowchart depicting an operation routine fromwafer slicing

29



[ 0061] In addition, in Fig. 12, 6 denotes a wire feed pulley, 7
denotes a wire winding pulley, and 8 denotes a wire w nding device. [0062]. .
Moreover, in slicing the silicon block 2 using the wire 4, for exanple, a
support plate 10 made of glass or the like is nounted on a nount nenber 9,
which is made of stainless steel or the |ike and provided on a bl ock

hoi sti ng support device, not shown, and the top side of the silicon block 2
i s bonded and fixed to the underside of the support plate 10 through an
adhesi ve tonsepairaicrFgnchémamsdEey fod ithienyawierh sepe raitrieont appa1a tes
grooves are partially provided to the |ower part of the support plate 10 in
order toaC&audi e£¢ hensephpaimeRtofot He nelr 9P EBEl 18lviegdd afaf ers into
single wafers. [0063] After that, the support plate 10 i s dempunted
from t he [®9® nenber 9, and then the silicon block 2 with cutting grooves

I s obtained, which js a cglindrical pack of wafers attached to the support
plate 10 as Shoﬁl’? §Hoppg} f31.95f0669f? 5, a wafer separation and transfer

apparatus 11 including the wafer separation apparatus

" according to an embodiment of the present invention has a
cassette 12 that vertically accommodates a large number of
single wafers W in intimate contact with each other and is at
least vertically opened, a cassette support 13 that removably
support the caésette 12 and is at least vertically épened, a
hoisting unit 14 that hoists and lowers the cassette support
13.integrally'with.the cassette 12, a rotating unit 15 provided
on the hoisting unit 14 for rotating the cassette support 13
integrally with the cassette 12 so as to switch the wafers W
accommodated in the cassette 12 between the states in which
they are vertically arranged and they are horizontally arranged,
a liquid bath 16 that accommodates a liqﬁid thereinside into
which the cassette support 13 is immersed integrally with the
cassette 12 when the hoisting unit 14 descends, a nozzle 17
provided in the liquid bath 16 for issuing micro bubbles from
the underside of the cassette support 13 toward a large number
of the wafers W, a micro bubble generator 18 that generates
micro bubbles to be issued from the nozzle 17, an unloading
member 19 that unloads a topmost one out of the wafers W

hdrizontally arranged and hoisted from the inside of the liquid
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This silicon block 2 is pre-washed in a pre-washing device, not shown, for
removing slurry, cutting dust, or the like as the cylindrical pack of
wafers is attached to the support plate 10, and then the support plate 10
is renoved fromthe silicon block 2 by secondary washing for single wafers.
[ 0065] In the follow ng, transfer perforned by the wafer separation
appar atus according to an enbodi nent of the present invention will be
described with reference to Figs. 1 to 7. [0066] Fig. 1 is a cross
sect i onabagbhewédepingt Bngazrigireurgdpafatinert grd nircthdhe tapmash v fer t he
front side direction, including the wafer separation apparatus according
to an enBodeRded R¥etBReBALAI ISR ﬁﬁrch wafers are set. Fig. 2
is a cross sectional view depicting the wafer separation and transfer
apparatu§ %% &he front side dlrectlon including the wafer separation

appar atus accor an_emho of t he presen nvention in which air
bbbl o5 are. | sopedRER gg% EFBFE)atloﬁ @n53t ¥ AR
present_.invention;

Fro s (A TRE RefePSRacE: of' dlMARASLTchP o Lppetyy SR A al “par
show ng e gelat) Ay, papee%%ﬁ{)g@ AL A3 YA SR EL e () 1

an illustration epl cting an air I'S a cross sectional view

depi cting 4t BEsWatAle %8p§ﬁgg¥:%%sa{9ﬂet688&2%&%%%%9%1{&?%“&Sﬁl‘f'é‘ like

direction, Tncluding the er separation apparatus according to an

e”bOd'”E@E Qﬁehﬁ?f@f@%@ﬂh.é@?ﬁ?h%@ﬂuﬂQth&an&@E?rswﬁlfeW§h£%@%éﬂétus
arranged. Fig. 5is an illustration depicting the wafer separation and

transfer igppay atrscpémel vl ngmhha -wafAsq S@ﬁéa&t@@ .apparatus according to
an enbodi rent of the present invention in ch wafers are horizontally
arranged.[oleiep] 6 is an illustration depicting the wafer separation and
transfer apparatus, including the wafer separation apparatus according to
an enbodi ment ofatt thipr esemé, | tientvederasepanedtetoh Sandr eirathsfleirg. 7 is an
illustration depicting the wafer separation and transfer apparatus

accor di ngppe ratwnibodi imertudé st hempr ésgntiniv €t that Fioy.es8 titee aad3iohehart
depi cting an operation routine fromwafer slicing to separation and

transf er 1floprt eevedeseSepasupPontabparteng Weeoridienf ton af erbwdigrenrg  of
the present invention. [0067] As shown in Figs. 1 to 5, a wafer
separ at i 6ea®igehf ersapphrht i 1F PRI IR @%eCﬂBﬁérm@éﬁarémhﬁﬂes
apparatus accordln to an enbqdi nent of the present inventiqgn has a
cassettetf2 ?h‘a?l@%FF‘F@a}F?uSQC‘bﬂWﬁHQt%eaSFP%‘F%é’erﬁ}‘fﬁ)%? tdte dndive ders w
in |nt|nat contact with each other and is at |east vertically opened, a
cassette™ ﬁ&ﬁtWIS that renovably support the cassette 12 and is at | east
vertlcalué qﬁﬁned a hoisting unit 14 that hoists and |lowers the cassette
support I egraIIy with the cassette 12, a rotatlng un|t 15 prOV|ded on

the hoisting unift 1 oI[ rapt(?l Q?hEBe %ai)sre(v&a 1 SYPPYr L Antearaldy with

the cassette 12 soO as 0 SW cconnnda? 5 the cassette

12 bet weg Pﬁcte'bet S e%naé‘r%’&‘li‘éh g%f}]ear%é’fattéaéhéﬁggrtaﬂ%ed df¥ are

hori zont al 1y "ar range qU| acco ates ‘a I'iqu

therei nsijdgd Uy W Chink he; 63§ 8eHaR 15 URPOr Lo 18nh e amm%gﬂ]@ﬂé alby W th

the cassette 12 when the hor'sting unit 14 descends, a noZzle 17 provided in

the |iquirddatitt i€ f@ius $8YI RAF cHC RN e@oféﬁﬂéEhEth%\?b%ed%éﬁwéé}@
cassette support 13 toward a | arge nunber of the wafers a mcro bubble

gener at ok hE8 itrfxplv DeReT alvgsesCiQ bubbles to be issued fromthe nozzle 17
an unl oadi ng nenber 19 that unl oads a topnost one out of the wafers W
hor i zont gloloy71dr r anged and hoisted fromthe inside of the |liquid

Furthermore, the micro bubble generator 18 causes the’

nozzle 17 to issue negatively charged micro bubbles, so that
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bath 16, and a carrier unit 20 that carries the topnost wafer Wunl oaded by
t he unl oadi ng nenber 19. [0068] According to the wafer separation
and transfer apparatus .11 thus configured, it is possible to inprove
‘separation perfornmance of the wafers Win separation and transfer and it is
possible to suppress the occurrence of breakage or the like of the wafers W
in separation and transfer, while the apparatus is an inexpensive,

smal | -si zed appar at us. [0069] At this tine, the wafer separation
and trandfets HpRg e LS tPICRHSEUAESTE bl hgs Uit gngen hhe IRARS beievarizz| e

17 or the cassette support 13 along the direction of arranging the wafers

W so th&Ps tFEe i ddi ¢ ethatchliSe T Bl es 26ShBTaH %Gr MRFQ ddiRd
toward the space between the individugl wafers W [007 0% Mor eover,

a cover 2P M%%ra ‘{-]Beci?é‘éfarﬁ Ve §1fdetsheex%fé%?ethétw §&r &hge WL ]TR

tt d t he_|l d hat t ha
possi bl 6" oW RAE e SR T TR R D rEs o o ee My eon B aa et he
i ndi vi duetoo\A}azf]ers W [0071]

In addition, preferably, the micro bubble generator 18
causes the nozzle 17 to issue a micro bubble having a diameter
equal to a groove width or less when the ingot is sliced with
the wire-saw 3. More preferably; it causes the nozzle 17 to
issue a micro bubble having a diameter equal to or less than
the wire diameper of the wire 4 used in the wire-saw 3, which
is used in slicing the silicon ingot 1 into single wafers.

. Further more preferably, it causes the nozzle 17 to issue a
micro bubble having a diameter of 100 um or less. The best is
that it causes the nozzle 17 to issue a micro bubble having
a diameter of 20 um or less on average.

[0073]

In addition, preferably, the cassette 12 vertically
accommodates a large number of the single wafers W in intimate
contact with each other so that the running diréction of the
wire-saw 3 used in slicing the silicon ingot 1 into single wafers
is the same as the directions of unloading and carrying the
wafer W with the unloading member 19 and the carrier unit 20.
[6074]

In the following, the specific configuration of the
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Furthernore, the mcro bubble generator 18 causes the nozzle 17 to issue
negatively charged mcro bubbles, so that it is possible to cause mcro
bubbles to enter the space between the wafers Wso that the m cro bubbles
are brought into the space between the wafers W if the space between the
wafers W which are sliced with the wire-saw 3, is positively charged.
[ 0072] ' In addition, preferably, the mcro bubble generator 18
causes the nozzle 17 to issue a mcro bubble having a dianeter equal to a
groove whaflRrosersmahhen #Re thgosTieyr Ardrsathvis hlt heceprdivgwtd thg e
preferably, it causes the nozzle 17 to issue_a mcro bubble having a
di anet er PEGFEM Y G- THFe et Hahlt Re WesCiikeRter of the wire 4 used in the
W re-saw 3, mgich is used in slicing the siliconingot 1 into single
waf ers. EAP7Rdr nore preferably, it causes the nozzle 17 to issue a mcro
bubbl e having a_di aneter  of O0.Amor less. The best is that it causes the
nozzle 17 to isSt€ Saﬁis&tg:eoigb?'g'lh%\:/i]ﬁdmat%‘gdﬁts RS ok fiora s Lhon
average. [ 0073 | n _addi t.i on r ef er abl the.cassette 12 vertically
accommod ees?LélL CafFe MG B9t he 3i Bgr et f%%gt\]/\f:flr]rairﬁ‘tyi'rr@tsejlé’&ﬁaa’cﬁ with
each oth S t rynni hrectd L e- i n_sldcing
EheSRabRAL NG o Yy lcgga%le Ble! QR Rl ML 2 A IS ML 3¢

the silicon ingot 1 1nto singfe wafers is t 1 ons "of

Py "InRnia EREEYH DA s WBkRfed e lat NP ARKH g RIS Hor BalELGT |

carrier unit 20. [0074] In the follow ng, t spe configu
vaf er sepackald Qupikd rensfies 2pPRa RS nblz ALC01 §li pHetathheyiesent

invention will be described.
addition, in this embodiment, the cassette 12 is designed in
which the cassette 12 is also opened upward so that the cassette
12 can accommodate the wafers W and the height is lower than
the height of the wafers W (when they are vertically arranged)
so that the unloading member 19 can contact with a topmost wafer
W hbrizontally arranged in unloading the wafer W, described
later. |
[0076]
The cassette support 13 is not limitéd in shapes,

materials, or the like as the strength is secured particularly,

- as along as the cassette support 13 is capable of attaching,
detaching, and supporting the cassette 12 thereon and is formed
with a lower opening 13a for passing micro bubbles issued from
the nozzle 17 therethrough. 1In addition, in this embodimént,
the cassette support 13 is designed in which the cassette

support 13 is also opened upward so that the cassette support

13 can accommodate the cassette 12 and the height is lower than
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[ 0075] The cassette 12 is not limted in shapes, materials, or the
like as the strength is secured particularly, as long as the cassette 12 is
capabl e of accomodating a | arge nunber of the wafers Wand is fornmed with
a |l ower opening 12a for passing mcro bubbles issued fromthe nozzle 17

t heret hrough. In addition, in this enbodi nent, the cassette 12 is designed
in which the cassette 12 is al so opened upward so that the cassette 12 can
accomodat e the wafers Wand the height is |lower than the height of the

waf ers Wehghbaighéyoireheoarafens |W amemddwy soe Hertiilve I eadianganber
19 can contact wth a _topnpst wafer Whorizontally arranged in unl oadi ng

t he waf eFOVhgbddre bed qagtigig mpodeg] 19 can contippt widdedttorpporaiiesr i s

not limted in shapes, materials, or the like as the strength is secured
par ti cul ¥r Berizonfiahly RAr¥aBIeds 8t v laAHRd tle| waapall e Semcatikathi ng,
detaching, and supporting the cassette 12 thereon and is forned with a

| ower opéfitig -13a for passing mcro bubbles issued fromthe nozzle 17
therethrq%%h].7 In addition, in this enbodi nent, the cassette support 13 is
desi gned ‘i mHich the cassette support 13 is al so opened upward so that the

cassette suppor trh%%??%t%%%g%? t%é%eiﬁlh%%sssgtéﬁagg Z%ngp%gei?%ip& tné%es%l)omer

than the hei ght of ey are vertica ar range

Lgfitzggteg lh?%@la“&f @%@‘Jst]j]%ogcgﬁdcﬁ?l?! ach '&?Wetﬁﬂfi‘?.ﬁnéé‘@fsfﬁo%{, (for

y arranged i n unl oadi ng the wafer described later.
example, a solenoid), an intermediate support 24 fixed to the
top end of the shaft 23, a guide rail 25 vertically extended
and fixed to the side wall of the liquid bath 16, a guide plate
26 provided on the intermediate support 24 and guided by the
guide rail 25, a fixed shaft 27 erected from the intermediate
support24,aifixedbase28leacrankshapelethecrosssection
fixed to the top end of the fixed shaft 27, a support base 29
in a crank shape in.the cross section fixed to the fixed base
28, and a shaft support part 30 fixed to a lower plate 29a of
the support base 29.
[0078]

In addition, because the guide rail 25 and the guide
plate 26 support the rotating unit i5 and the cassette 12 with
the fixed shaft 27 as one side is opened, they are designed
to slide at the positions in consideration of the weight balance
(in the lateraledirection of Fig. 1).

[0079]

In addition, the support base 29 integrally includes an
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[ 0077] The hoisting unit 14 includes a shaft 23 that is extended
by drive of a hoisting and Iowering drive unit, not shown, (for exanple, a
solenoid) , an intermedi ate support 24 fixed to the top end of the shaft

23, a guide rail 25 vertically extended and fixed to the side wall of the
liquid bath 16, a guide plate 26 provided on the internedi ate support 24
and guided by the guide rail 25, a fixed shaft 27 erected fromthe

i nternedi ate support 24, a fixed base 28 in a crank shape in the cross
secti on fipped pdatiee20bpfamedofot hbef tepds siafof Ahe ' faixeppmte RSa®D in a
crank shape in the cross section fixed to the fixed base 28, and a shaft
support pavingo thiexédpt 608 Parerusiat d e finstide qfpdtre Bdsniizh batdp7s8)

I n addi tion, because the guide rail 25 and the guide plate 26 support_the
rotatingléni 8 YsTaAFahe iz dte eptondad: devnprredsskaom rheadighend de is
opened, theﬁeare deshgped to.slide at the positions in consideration of the

“vei ght  b8FahRe YRREY IR & andebbroiebt zepgalijowergpiate 20adkdnt on,
Lop oi oS5t 2 RESPFBHOBREL T SR RAVETy SPre Ol Fend SprdCAELATE e
|13 95 OLelisd LA S8, BsuenL ol phas £ oS o e o
oS98 Sl FE DRCRRIBT bRl sbat Mokl 3 plale 0 Lot e
pggggf Zgﬁap%quIQanzggoéQ d-peaply crank shape in the cross section.

[ [oo80]

The rotating unit 15 includes é drive motor 31 fixed to
the upper plate 29b and having the output shaft extended toward
the inside of the liquid bath 16, a drive pulley 32 provided
on the drive motor 31, a rotating shaft 33 that penetrates
through the shaft support part 3O,Ian idler pulley 34 provided
on one end of the rotati-ng shaft 33, an endless belt 35 rotatably
and movably extended between fhe pulleys 32 and 34, and a
rotating arm 36 provided on the other end of the rotating shaft
33. The cassette support 13 is fixed to this rotating arm 35.
Moreover, the drive of the drive motor 31 causes thé rotating
arm 35 to turn for rotating the cassette 12 integrally with
the caséette support 13; As shown in Fig. 3, the individual
wafers Waccommodated in the cassette 12 are vertically arranged
when the cassette support 13 is laid (in the horizontal state),

and as shown in Fig. 4, the wafers W accommodated in the cassette

12 are horizontally arranged when the cassette support 13 is
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The rotating unit 15 includes a drive notor 31 fixed to the upper plate 29b
and having the output shaft extended toward the inside of the liquid bath
16, a drive pulley 32 provided on the drive notor 31, a rotating shaft 33
that penetrates through the shaft support part 30, an idler pulley 3.4
provi ded on one end of the rotating shaft 33, an endless belt 35 rotatably
and novably extended between the pulleys 32 and 34, and a rotating arm 36
provi ded on the other end of the rotating shaft 33. The cassette support 13
is fixedergectsids (ot dthegvarnigsl Whed®ler, the drive of the drive notor 31
causes the rotating arm 35 to turn for rotatlng the cassette 12 integrally
with the[888ddtte support 13. As shown in Fig. 3, the individual wafers W
acconmodated in _the cassette 12 are vertically arranged when the cassette
support 13 is | EMEHHTRIIE hoFRQoRPERLEPG & Hndl BsI8RbIREN A §OUE the
waf ers VV ccommuodated in the casset%ﬁ 12 are horiz ntaIIy arran%gd mhen t he

cassette® ﬁﬁﬁbﬁ@:ﬂ??s?o%}ﬁb?ﬂdaFl & VIR iR & %fe? FHgsypLers

Furth th t at, 35 to th t

ot wht chaPRETTREATS 0T Lt CARPAE Wi RS RG T e ST %;sl(:/vﬁgn
vertical L% %ﬁrh%lng.%@ h%a? ‘}Ug%ta’&tto n%%r M Con}lggtw%%ihsﬁpgacnngf tlvf@

surface O UId when theé o |ng arm is eréecte

~additiong ; %Qﬁhr %!er}gt Er‘}égﬁmﬂgr%% P.Js d.4he %Idtdlgcrloéﬁ

which the't ge o the waiers nvertically arrange rought

into neawénce@ltea%t\attfhg herd ner; wablogyhface 9t tcaethua_qg'o@, ihatdhy i as

the rotating arm35 is erected, It Is posSible to elimnate the event that

mcro bubblies, Bhentep QagbhéfsﬂﬁéerEE%eW kbﬁewaffsfﬁl%ld%sa@rta%é@t er,
cause the individual waféers Wto nove unexpectedly. [008

| i qui d bakhbbugetorrRdAhes ra y icQtitth SUGH 38 tie quehélmersejﬂﬁa@he,o@nd
has such depth that the hoisting unit 14 | owers the wafers Waccomodat ed

in the caaeetitieniidi tmstie teOnpbketiky rowmerised. alvr #8dVes, erbcttlids erdadi ment ,
the depth of the liquid bath 16 is designed to have such depth (at |east
the |i qupdsisevdle tichefl ittismatad erthe Wvare ol etieino bubdrlsed Feeartamiridie
state in which the hoisting unit 14 erects the cassette support 13 as the
hoi sti ngthei tSpRfFe sogpuseenonbd abfelrs ot tornscledldedehttrr, Fuetus noie, |t

is possible to suitably select the |iquid acconmpdated in the liquid bath
16 individual wafers W to move unexpectedly.

[0082]

The liquid bath 16 accommodates a liquid such as pure
water thereinside, and has such depth that the hoisting unit
14 lowers the wafers W accommodated in the cassette 12 to be
completely immersed. Moreover, in this ehbodiment, the depth
of the liquid bath 16 is designed to have such depth (at least
the liquid level) that the wafers W are completely immersed
even in the state in which the hoisting unit 14 erects the
cassette support 13 as the hoisting unit 14 is positioned at
the bottom dead center. Furthermore, it is possible té

suitably select the liquid accommodated in the liquid bath 16
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except volatility, in consideration that it is necessary to cause mcro
bubbl es, described later, to stay in the space between the wafers Wfor a
while. For exanple, in the case of conbini'ng secondary washing, it is
possi ble to use a secondary washing fluid or the |ike. [0083] The
nozzle 17 is provided near the deepest part of the liquid bath 16. The
nunber or the like thereof is not limted particularly as long as it can
i ssue mcro bubbles generated in the mcro bubble generator 18. [0084]
The mi cr exbely & Yearekbity . 18ni aAchgdderatpiom, timixett bet hegessesoty sfown,
or the like, for exanple, for which a publicly known one is used, in which
pressur eCRESSeMUGF ¢ Haitglelapd dapestibase latehubbPestpindtethsf Ipage®
bubbl es to be generated. In addition, in this enbodinent, the air bubble
di anet er PREVEGR FhcoWaffess WsfprcRIWhiheaki Ry exaBhban 1A FHrg.cat)el the
structure or the like is not limted particularly_as long as it can

gener at e “OBPIR Y SELPONAIDT ¥@ShifiTh itthé SaRef ﬁ@élﬁi FOPLDD 1% SECARAHY of

m cro bubblgs B qﬂﬁeﬁiqgfagﬁ sEage bet ween the wafers Wis around 20 Am
[0085] WASHINIAE 444 i ntfffe micro bubble generator 18, the inner
si de of ﬁ%%s%ﬁr bubble is negatively (-) charged, as shown in Fig. 6(B)

[ 0086]

The nozzle 17 is provided near the deepest part of the
liquid bath 16. The number or the like thereof is not limited
particularly as long as it can issue micro bubbles generated
in the micro bubble generator 18.

[0084]

' The micro bubble generator 18 includes a pump, ﬁixer,
both are not shown, or the like, for examp;e, for which a
publicly known one is used, in which pressure is set to change
and adjust the air bubble diameter of micro bubbles to be
generated. In addition, in tﬁis embodiment, the air bubble
diameter is 100 um or less. Strictly speaking, aS.S]lflOWIl in Fig.
6(A), the structure or the like is not limited particularly
as long as it can generate so-called nanobubbles, which the
average air bubble diameter of micro bubbles B entering the
space between the wafers W is around 20 um.
[0085]

At this time, in the micro bubble generator 18, the inner
side of the air bubble is negatively (-) charged, as shown in

Fig. 6(B).
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Thus, because slurry or the like, which is renmoved in pre-washing or
secondary washing, for exanple, is positively .charged, it is possible to
efficiently cause mcro bubbles to enter the space between the wafers W by
the effect of drawi ng the negatively charged mcro bubbles, as it is
considered that the space between the wafer Wor the like is positively
charged, including the case where this slurry remains after secondary
washi ng. [0087] For the unl oading nenber 19, a roller nmenber or
the |ike [098¢ded, which is rotated by drive of a drive notor, not shown, or
the like (in the counterclockw se direction in Fig.. 1) , and for the
material or theThuée, RefFEse sS1ideBYsQEhtBRelikar WA cdl dft inangveddia
relatively high frictional resistance (for exanple, urethane) . In

addi ti onPrtené"q.ﬁﬂjf}é&il% %%Ch%%‘ilalig vashépfedior §X§FHPd-Iee Ad PES ety i n

this enbodi nent, However, it possi bl.e to design the positiaon and nunber
of the ufPGFESTy denbésr P?@%Jﬁ’l@or‘fﬁ &érfa‘-tqlc?ﬁ“glf %? ahsTe? k?‘%}?ﬁ]ee%f ? he

Ver 1 cal RS 675 GRAGS REWHS: 379 A 5 %ﬁocy s e S Anpgpd

| ndi vi d“%'}ﬂeynlagta@'l%%l %; é{e%/%rl%qf dbh%g)tle%n usi ng té‘ecoq{é ¥ P@&q{hzﬂso

servi ng to rot e the- un usi ng sep ara e device,

transter §1lép9 éEepJ) @eéﬁ et W q%‘}rﬂe&&t th ngrfé 1@@@1? cth cfg&’&chew

domnstrean15| e of e trans ection, fec eternln

provi-ded jabavgs Qe EH@"&{&E ﬁh@P&r&hPéaéfu%y BeRbymnal Liry of stefc%}ﬁa@fy bel t
conveyors 40 provided next to the transfer support plate 38 on the

downst r egstsirde. of the transfer direction, a diverging device 41 that

di scards and collects -a wafer Wdeterm ned that the wafer Whas a defect by
t he def eqipodetier m ni ng device 39 at any positions on the transfer belt
conveyor 40, and a collecting device 42 that collects a wafer Wwith no
defect. MreovelFod ehet irlbadhabeneabppor d, A atd 138 aethbidreotrr ehsflerkdel t
conveyor 40, a material with elasticity and a relatively high frictional
resi st ande usedsewh{fbriexarpheeddretdraing ofFardhevemmet ot hendt \sraqimg
device 41 tenporarily breaks the transfer path as a part of the transfer
belt conveythe4Dike {inhtehe damtesxnapbekwice dhzestdtom depFigedlby andhain
doubl e-dashed Iine in Fig. 8 , and discards and collects wafers Wat the

p05|t|onf§ﬁ'5@@am&ﬁ;qqﬁirﬁﬁt?hﬂ1h4ﬁ?(kﬁh@ﬁ¢éﬁmQﬁQﬁaSUCh one that has

elasticity and a relatively high frictional resistance (for
example, urethane). 1In addition, the unloading member 19 is
formed of a single roller member in this embodiment. However,
it is possible to design the position and number of the unloading
member 19 in consideration of the transfer range of the wafer
W.

[0088]

As shown in Fig. 7, the carrier unit 20 includes a

vertical pair of roller members 37 that nip and carry:the wafer
W by individually turning in the reverse direction using the

drive motor also serving to rotate the unloading member 19 or
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of the transfer direction. At this tine, the wafers Wdi scarded - and

coll ected are recycl ed. [0089] The defect determ ning device 39
determ nes whether cracks (cracking, chipping, or the like) occur by
i magi ng processes using a CCD canera. [0090] The col l ecting device

42 includes a cabinet 43, a servo notor 44 provided on the cabinet 43, a
drive pulley 45 provided on the output shaft of the servo notor 44, an
idler pulley 46 rotatably supported on the cabinet 43, a belt 47 rotatably
and novabisyngr 8vEdparate Hevpdd eps tasnsde 46 upp ddl I legrew 4@ ravided
penetrates through the idler pulley 46 and is vertically displaced by the
rot at i onREKtt e %d‘}%rrcblﬂr€Féymﬂﬁbeéshéﬂstqqqdi%d@m*ﬁrﬁamrréﬁc@@r A9 tdwupl ed
to one end of the ball screw 48, and a wafer collection box 50 renovably
mount ed &R 37 Foi ST Fgt LA | Bméﬁifﬁﬁtné%@rrwliiﬂm@i]’lce 39 preyadednt
side of the wafer ipllec i on box 50 |f%EEene artition such as a

slit, nofPSON&wrRS '?ﬁxF%RP%@t B oﬁﬁvd3t898£éﬁ15ﬁé°§fqﬂﬁ?%&ﬁﬁws W

157 o B U004 SRRt LoD vkt ol on Ui o

provi dEdBIBOor?@glaegﬁo%tstﬂrteg% Qlﬂhg of %'hle é}ahgﬁ?gﬁl é]?].degglgg, a diverging
device 41 that discards and collects a wafer W determined that
the wafer W has a defect by the defect determining device 39
at any positions on the transfer belt conveyor 40, and a
collecting.device 42 that collects a wafer W with no defect.
Moreover, for the transfer support plate 38 and the transfer
belt conveyor 40, a material with elasticity and a relatively
high frictional resistance is used (for example, urethane).
Furthermore, the diverging device 41 temporarily breaks the
transfer path as a part of the transfer belt conveyor 40 is
tilted, for example, (in the state depicted by a chain
double-dashed line in.Fié. 8), and discards and collects wafers
W at the position of breaking the path on the downstream side
of the transfer direction. At this time, the wafers Wdiscarded
and collected are recycled.
[0089]

The defect determining device 39 determines whether

cracks (cracking, chipping, or the like) occur by imaging
processeé using a CCD camera.

[0090]
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cabi net 43. Furthernore, on the topside of the hoisting and | owering nenber
49, a coupling part 53 is provided, to which one end of the ball screw 48
is rotatably coupled. [0092] Wth this configuration, the wafers W
carried on the transfer belt conveyors 40 are coll ected and acconmopdat ed
one by one from above the wafer collection box 50 as they are separated
into single wafers, and the wafers Ware collected and acconmodated in
each partition while the wafer collection box 50 is sequential ly displ aced
upward by the i Al fgldeiardnsg devd serdvoinslydessa ¢BDOBEL 43, a sSexvVehis
time, preferably, the downstream end of the transfer belt conveyor 40

pl aced oROLRE ABSPravhASEr @BkRT FahinNethd InapedrivaRyElei4e Pt dektes
the inside of the wafer caollection box 50. [0094 _ Moreover, the

dri ve puF’Ine§h$5O&ﬁ@"tthékﬁacﬁtepfp@heefefi%’oar“@t&ﬁ 4 ed@mhad Higw RIS iR

o Sror e S AR L SROPHIB LT AT P PRI o

46, the %%lvtabﬁ.y p?rrc])q/'lt % %%l t:h%C]EJE eys 45 and 46, a ball screw 48 that
penetrates through the idler pulley 46 and is vertically
displaced by the rotation of the idler pulley 46, a hoisting
and lowering member 49 coupled to one end of the ball screw
48, and a wafer collection box 50 removably mounted on the
hoisting and lowering member 49.
[0091]

The front side of the wafer collection box 50 is opened,
and a partition such as a slit, not shown, is provided so as
to accommodate each one of the wafers W after washed as they
are separated from each other. Moreover, on the rear side of
the hoisting and lowering member 49, a guide projection 52 is
provided to engage with the guide rail 51 installed on .the
cabinet 43. Furthermore, on the topside of the hoisting and
lowering member 49, a coupling part 53 is provided, to which
one end of the ball screw 48 is rotatably coupled.

[0092]

With this configuration, the wafers W carried on the

transfer belt conveyors 40 are collected and accommodated one

by one from above the wafer collection box 50 as they are

separated into single wafers, and the wafers W are collected
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[ 0095] The noving unit 21 horizontally noves the nozzle 17 al ong
the direction of arranging the wafers W which noves it at a rate of 5.0

nm sec, for exanple. In-addition, it is also possible that this noving unit
21 horizontally noves the cassette 12 along the direction of arranging the
wafers Winstead of noving the nozzle 17. [0096] The cover 22
covers five sides of the cassette support 13 except the underside with |ess
cl earance, - whi ch contains the m cro bubbles issued fromthe nozzle 17

i nsi de t R@ScBFEPTEIAtET det ERCh PaFAdGi iRy mhdrs Bdsored e cedtl@ctifn space
bet ween the individual wafers W _Moreover, materials, shapes, or the |ike
of the CBV§T5§21§r§%ﬁH¢9§%ﬁ¥¥%I%%ﬁ?%%ﬁFQrP9waFGrPHéFH€réHQH%?QxﬂR%VQZ i's
reaned the hoisting unit 14 is hoisting and | owering the cassette
12, or if tﬁi%ﬂ%ﬁ%Y?rpﬂ%gﬁh “fhe cassette support 13 is rotated and

erected @Qg%] In the above-nentioned configuration, the wafers W
are subjé to the following steps. A slicing step of slicing the silicon

ingot 1 integral tYEﬂ J]é{ﬁés ﬁggkgrgba?ﬁe%g}lqio a_ | ar ge au wafers
S

(Step S1), a renDV|n Step enovin Friesh |ngot 1 ron1the

support E?@ﬁ%f@%fﬁ&lé'é&ﬂ&%y@iei§ué§588d58£ tA8 ﬁB%Q”HB@%QH%%

vertically accomobdating a large n of the renoved single wa ers

the cassglt @nt2wh?ehNt iRl LORLAE WA 2acdy atierind Tfe s $8id Qvaif?elbel ng

at | east vertically opened (Step S3), a nmounting and supporting step of
nmount i Ng cand e 4P tihdg e cassette 12 on the cassette support 13 that is
at least vertically opened (Step S4), a |owering.step of lowering the
cassette [popaart 13 integrally with the cassette 12 using the hoisting unit
14 and imersing the wafers Wvertically arranged in a liquid in the inside
of the liquid batdrelirgiSt eghéSHyide npal Depubbl anids shiend ddteap pafl liess Ui 619
m cro bubbles generated in the mcro bubble generator 18 fromthe nozzle 17
fromtheamedersjiweted ahestmsdatt &€osihworad jiss tosmt dof heheafberas Watio

by changing the diameter. Furthermore, a solenoid or the like

may be used for the servomotor 44, the idler pulley 46, the

belt 47, and the ball screw 48.

[0095]

The moving unit 21 horizontally moves the nozzle 17 along

the direction of arranging the wafers W, which moves it at a

rate of 5.0 mm/sec, for example. In addition, it is also

possible that this moving unit 21 horizontally moves the

cassette 12 along the direction of arranging the wafers W

instead of moving the nozzle 17.

[0096]

The cover 22 covers five sides of the cassette support

13 except the underside with less clearance, which contains

the micro bubbles issued from the nozzle 17 inside the cover
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vertically arranged and causing the mcro bubbles to enter and stay in the
space between a | arge nunber of the wafers W(Step S6), a rotating step of
rotating the cassette support 13 integrally with the cassette 12 to

hori zontally arrange a | arge nunber of the wafers Wusing the rotating unit
15 while the mcro bubbles enter and stay in the space between a | arge
nunber of the wafers W(Step S7), a hoisting step of hoisting the cassette
support 13 integrally with the cassette 12 as the wafers Ware horizontally
ar r anged2@sitiy fafl hiot 3t ¢ ngaualng1pigye 1hukhlgs ateopRbst WilerspAedove at
| east the liquid |evel of the_liquid bath 16 (Step S8), an unloading step
of unl oaBFhyFethsphedividral Weferedt abBrERr | Mtier1alel FORRES9), a
carrying step of. carr ing t he unl oaded wafer W(Step 510), .and a transfer
step of Prams¥eri%fy thetlar FPEGTWaFe AR (PG LHPaFede PRI G 0N

appar atu ep S 11). .Through these steps, it |S.possible.to transfer the
o or o WA BT [CRar e o3 ob7 | ESTOBRIpPBLABIEDe Sod LTS L
transfer _qf .t he wafers Wt chenmical. etchin ppar.at us f.or .textuyr
{r oat meni-h 6% BEFECHD RS o fR e b SR PSS BRARE: SR srlie.
0098 - - r LL] I frer the sili My i { ced usin
'Ehe vm] re}gav‘@%% %féegg%&?% éflp%ggetsi]lilqglo% %Jﬁlg%?e? g\%/rr?i (J:er?e?:stsésc%i |1 °
support eq oy -Ajhe support 10, is passed fromthe wre-saw 3 through a '
publicly known pre-washing device and secondary washi ng devi ce for renoving

slurry or the lifkeras apslk —ﬁa%nftqroﬂm‘érfﬂio%&eaéi@ﬁwEhé%a@é‘ﬁstvﬁ‘%ﬂ;é _he
waf ers Wbecone single wafers (Step S2) [ 0099] For the individual

si ngl e walereMed dange NEEhESwOhgt BEcppfl era ¥ acenaceepdat ed iididdqe
cassette 12 in intimte contact wwth each other, with the use of the
cassetteth2 ehltierd iikejotWl dhtlkas-diasn wEiaH athdiSebpdr il e aperidgiions of
washi ng, renoving, and separation (Step S3), and the cassette 12 is nounted
and suppearledgemuhieeeast etdfie rsupsadp $3)asattencasagtdtte Ao setarviired i n
the wafer separation and transfer apparatus 11 depending on factories or
the likethstepib4y sfiDi00h ingot 1 fAfamethehatppblre poberol d foyr tsHedlike i s
driven to | ower the cassette support 13 into the |iquid bath 16 having the
| i qui d i Wad@rancles e ovrbdagrdackengiossitdeng ostee 06t vemtdead laent er at
which the wafers. Ware conpletely imersed (Step S5). [0101]
SubsequeRCICPMMATtR TART 2 blidbEE HuReeat @f 181§ sremeved Eonegags@ahegso W
bubbl es having an air bubbl e di aneter of 20 Am on average to be issued from
the nozzR& FFe SRAFEIHEEFi ££ 01 BubBléTatRa it esy1 B hgeFRg C&Redverdtfe air
bubbl e di aneter of 20 Am are caused to enter_the s acg tzetween t he

r

i ndi vi duSPSRE&Ss Wv%‘?Jr%g_tﬁE §25%e VEF G CRENE I @R e r at e
(Step 86)m'ounting and supporting step of mounting and supporting the

cassette 12 on the cassette support 13 that is at least

vertically opened (Step S4), a lowering step of lowering the
cassette support 13 integrally with the cassette 12 using the
hoisting unit 14 and immersing the wafers W vertically arranged
in a liquid in the inside of the liquid bath 16 (Step S5), a
micro bubble issuing step of issuing micro bubbles generated
in.the micro bubble generator 18 from the nozzle 17 from the

underside of the cassette support 13 toward the wafers W
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[ 0102] Moreover, after the mcro bubbles B enter all the spaces
between the wafers W the drive notor 31 is driven to turn the rotating
“shaft 33 by rotating and noving the endl ess belt 35, and the cassette
support 13 is erected in association with the rotation of the rotating arm
36 (Step S7). [0103] After that, the cassette support 13 is hoisted
to a predeterm ned unl oadi ng position at which the topnost wafer Wis
positioned above the top edge of the liquid bath 16, and the cassette
support Y8ntd catloppedrandenl anst easisdme (8¢ UAFsadPngrpesi tP NSt @nds) .

[ 0104] ~ The unl oadi ng menber 19 is then contacted with the topnost
waf er W S&Rd £Rethfl BBAFRGPRENBER 2013EIRoRATRETt B U R £ $rES t'hpfIsIP waf er
W (Step S9). The topnpst wafer Wis nipped and carried by the carrier unit
20. (St epS810) @ HRFFTEY oPhBBt Chaf&taAlINg t+RRsFRPPEG L EL SRR 1 62t ng

devi ot 2 en SO casse vo AP LENRL SHRERSS) 2020506 SRS,
and the Dolididngdnide 1. Pol gt s, LS ouer. el SUPRG"hnt? 33 NRASwANe (for

micro bubbles enter and stay in the space between a large number
of the wafers W (Step S7), a hoisting step of hoisting the
cassette support 13 integrally with the cassette 12 as the
wafers W are horizontally arranged using the hoisting unit 14
and lifting a topmost wafer W above at least the liquid level
of the liquid bath 16 (Step S8), an unloading step of unloading
the topmost wafer W lifted above the liguid level(Step S9),
a carrying step of carrying the unloaded wafer W (Step S10),
and a transfer step of transferring the carried wafer W to a
solar cell fabrication apparatus (Step S 11). Through these
steps, it is possible to transfer the wafers W as solar cell
wafers to fabrication processes, such as the transfer of the
wafers W to a chemical etching apparatus for texture treatment
to fabricate p-type wafers W or n-type wafers W, for example.
[0098]

More specifically, after the silicon ingot 1 is sliced
using the wire-saw 3 in Step S1, the sliced silicon ihgot 1,
which is still supported by the support 10, is passed from the
wire-saw 3 through a publicly known pre-washing device and

secondary washing device for removing slurry or the like as
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Furthernore, in the transfer process in Step 11, a defect on the wafer Wis
determ ned by the defect determ ning device 39 (Step S12) . If a defect
occurs, a faulty wafer Wis diverged (ejected) by the diverging device 41
(Step S13), and wafers Wwith no defect are in turn collected in the wafer
col l ection box 50 by the collecting device 42 (Step S14). [0107]
Moreover, in this enbodinent, the wafers W which are sliced into a |l arge
nunber of wafers with the wire-saw 3, are directly separated and carri ed.
However , wgd lsqg Py Hemoy inothsgtprorbifd gandt tloanithevadeniseW theomne:
pre-washi ng bath (pre-washing device) 61 is used as a device equivalent to
the m cr §1BGES & at®Fe@8S3hown in the present invention, in which the
waf ers Wacconmodated in the cassette 12 passed from Step Si through Step
s3 are prl@9%&dhed, and they are then separated and carried through one or
Furthernore, it is also

poss| et E;Zue Y\ Bt S _%ﬁﬂ@aﬁaéa rafeng War & 1ag9e MREDHAE 50
oo SOl SRl RIS euel o pol Lection bgs 50 asa i
o0y SURSSRISTIL 1 cEEeg SLERL (T gk, R, o5 TLAECRSL PRI D)
appar at ug nacqQRdl NG H NE PNESENtsb WEPLL98a tHenmanual operations of
washing, removing, and separation (Step S3), and the cassette
12 is mounted and supported on the cassette support 13 as thé
cassette 12 is carried in the wafer separation and transfer
apparatus 11 depending on factories or the like (Step S4).
[0100]

After that, the solenoid or the like is driven to lower
the cassette support 13 into the 1iquid bath 16 having the liquid
in advance accommodated thereinside to the bottom dead center
at which the wafers W are completely immersed (Step S5).
[0101]

Subsequenfly, the micro bubble generator 18 is driven
to cause micro bubbles having an air bubble diameter éf 20 um
on average to be issued from the nozzle 17, and the micro bubbles
(nanobubbles) B having an average air bubble diaméter of 20
yum are caused to enter the space between the individual wafers
W while the nozzie 17 is moved at a predetermined rate (Step
S6) . |

[0102]
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m cro bubbles B are caused to enter the space between a | arge nunber of the
i ndi vidual wafers W which are renoved fromthe support 10, so that it is
possi bl e to suppress sticking between the individual wafers Wand to
efficiently performthe separating operation. [0110] In addition
the mcro bubbles B just enter the space between the individual wafers W

t hereby separating the wafers Winto single wafers. Thus, it is possible to
suppress the occurrence of breakage or the |li ke caused by forced separation
(for exanple, aMegewfemprafseretigieicyp heblekd enteriall the spadgiy, in
t he above-nentioned enbodi ment, although explanation is made in which the
waf er sepP&CH#EiSoh tASpHPALTS HecbPEi AGiVE PAECEr 23ehf dRbenRiod tWraddited to
the silicon single c%%gtal wafer, it is also possible to appl%?the

appar at u$°ta HaY Shaidor Wberotataappnd movingythe,englqss Rkt t3n

lysili fer, a rectanqul ar lysilicon ingot is cut [nto a
Fect anguPaP hBPyGAFPEGREPOERORS! hy IF (RARF SR Y ATRPT1AEL OF OFL B dhf e,

and the ingat .is subjected to,the finishin roc such as si zi ng,
et chi ng, TP Anish | ée),t %dr?ﬁ%ﬁlf‘ﬁeairﬁ“gémi%%’?cgz?mh t he

[0103]

After that, the cassette support 13 is hoisted to a
predetermined unloading position at which the topmost wafer
W is positioned above the top edge of the liquid bath 16, and
the cassette support 13 is stopped at this predetermined
unloading position (Step S8).

[0104]

The unloading member 19 is then contacted with the
topmost wafer W, and the unloading member 19 is rotated to unload
the topmbst wafer W (Step S9). The topmost wafer W is nipped
and carried by the carrier unit 20 (Step S10), and the topmost
wafer W is transferred to the collecting device 42 (Step S11) .
[0105]

Moreover, these Steps S9 to S11 are also performed to
a topmost wafer W after the subsequent stage one by one, and
the hoistingunit 14 hoists the lower set support 13 as necessary,
(for example, as for three wafer each).

[0106]
Furthermofe,jJ1thetransferprocessjJ1StepJJq a defect

on the wafer W is determined by the defect determining device
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above-nmentioned wire-saw or the [ike. |NDUSTRI AL APPLI CABILITY [0113]

As di scussed above, according to the present invention, it is possible to
provi de a wafer separation apparatus that can i nprove wafer separation
performance in separation and transfer and can suppress the occurrence of
breakage or the like of wafers in separation and transfer while the
apparatus is an inexpensive, snmall-sized apparatus. CLAIMS 1. A wafer
separation apparatus conprising: a cassette configured to

vertical By &8teamdbal e thiesefnigcltapgeunanbetanfl ey wglfe s siverngrd mat e

contact with each other, the cassette being at |east vertically opened,
(ejected) by the diverging device 41 (Step S13), and wafers

W with no defect are in turn collected in the wafer collection
box 50 by the-collecting device 42 (Step S14).
[0107]

Moreover, in this embodiment, the wafers W, which are
sliced into a large number of wafers with the wire-saw 3, are
directly separated and carried. However, as shown in Fig. 10,
such a configuration is possible that a pre-washing bath
(pre-washing device) 61 is used as a device equivalent to the
micro bubble generator 18 shown in the present invention, in
which the wafers W accommodated in the cassette 12 passed from
Step S1 through Step S3 are pre-washed, and they are then
separated and carried through one or more of conveying devices
62.

[0108]

Furthermore, it is also possible that the wafers W after
collected in the wafer collection box 50 are autométically
transferred in the wafer collection box 50 as a whole using
a multi-robot arm, not shown, and they are transferred to a
device for the subsequent process step (final washing or
mirror-like finishing).

[0109]
As described above, in accordance with the wafer

separation apparatus according to the present invention, the
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a cassette support configured to renovably support the cassette, the
cassette support being at |east vertically opened, a hoisting unit
configured to hoist and |l ower the cassette support integrally with the
cassette; a liquid bath configured to accomodate a liquid
thereinside into which the cassette support is inmmersed integrally with the
cassette when the hoisting unit descends; a nozzle provided in the
inside of the liquid bath for issuing mcro bubbl.es from an underside of

t he cass@tcaosppdrlies Fvate gavagfe tuepdrenithehepfderkstwgrn a large g

m cro bubbl e generator configured to generate mcro bubbles to be issued
from t heH8PAR o the daddy il Mafohr alt Wit arapirmaied domrihs ng:
a cassette confi%ured to vertically accommopdate therein a | arge nunber of

si ngl e WEMBRST T 10nt FRetRAE diit AStPAPERPEGCH RURRLC T tedsHtd PHAGRP at
peast Ve Ca i PEIEE w3 SRR R L WPl £ FOTLLAY PR L L SED! Y support
separating operation. |
[0110]

In addition, the micro bubbles B just enter the space
betweeﬁ the individual wafers W, thereby separating the wafers
W into single wafers. Thus, it is possible to sﬁppress the
occurrence of breakage 6r thé like caused by forced separation
(for example, a jet of pressure water or the like).

[01-11]

Now, iﬁ the above-mentioned embodiment, although
explanation is made in which the wafer separation apparatus
according to the present invention is adapted to the silicon
single crystal wafer, it is also possible to apply the apparatus
to polysilicon wafers.

[0112]

At this time, for the polysilicon wafer, a rectangular
polysilicon ingot is cut into a rectangular polysilicon.block
using a band saw or the like, for example, and the ingot is
subjected to the finishing process such as siéing, etching,
or the like, and then the ingot is sliced with the

above-mentioned wire-saw or the like.
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cassette, the cassette support being at |east vertically opened; a
hoi sting unit. configured to hoist and | ower the cassette support integrally
with the cassette; a rotating unit provided on the hoisting unit
for rotating the cassette support integrally with the cassette so as to
switch the wafers accommobdated in the cassette between a state in which the
wafers are vertically arranged and a state in which the wafers are

hori zontal | y arranged; a liquid bath configured to accommpdate a
liquid tﬁ@P&Smﬁlﬁé|Aﬁ%ﬁ%ﬁAEﬁL€ﬁ¥ cassette support is inmersed integrally
with the cassette when the hoi-sting unit descends; a nozzle

provi ded [0A13Ae inside of the liquid bath for issuing mcro bubbles from an
undersi de of the cassette support toward _a | arge nunber of the wafers

a nicro bubble §&n FﬁFHFS@Shggﬂﬁ?eda?6°§@h€96?%tHF%PGeﬁﬁHHié?Wﬁ?qﬁ99$sued
fromthe.nozzl e; er_ configured_to_unl oad t. opnost
vaf or {8 e R AR 5 yP T SRGed s L PFofpPAe S &31809 the

| iquid bat a carrler .unit_co, ured tQ garry the to
-waf er unFogde %?my%%?oa ?ﬁ %gﬁ&ﬁ'p%f % Warert epspgtaqt cé# ansf er

apparatuerg%g@gyrghd can suppress the occurrence of breakage or the
like of wafers in separation and transfer while the apparatus

is an inexpensive, small-sized apparatus.
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to claim?2, wherein the carrier unit includes: ~a defect
determ ni ng devi ce provided near an upstream side of a transfer path for
determ ning a defect on a wafer being carried; a diverging device
provi ded on a downstream si de of the transfer path nore than the defect
determ ning device for diverging a wafer determ ned that the wafer has a
defect to a discard route different froma carrying route; and a
col l ecting device configured to collect a wafer determ ned that the wafer
has no defect by the defect determnm nFlsyIM8vice. 4. The wafer separation
apparatus according to claim1l or the wafer separation and transfer
apparatus according to claim 3, conprising a noving unit configured to nove
the nozzle or the cassette support along a direction of arranging the

waf ers. 15, ThePndPdeL iR+ bHOBpARPALASUS IHPKRF ERIsepar ati on and

transfer apparatus accordin o any .one of cl ai 1 to 4, conprising a
cover conf Pgur ed TISEGVEF ?‘?@élg}l‘aéé X V&R 1R &ézrcﬁnﬂ‘l?%fg%)ﬁ@etﬁg’s‘ét te

at h. 6. STRETHST BFTEE5aPh FORoASpAPAEIE r (RS \IARE OB (th ek
LLE‘BF‘;” oRRRYr aldip, a&&&é?%@@ EQiﬁg;y a8 Y€1 PLPB1 Lal 9P opifI £ N the mcro
generator causes e Nozz to

a cassette support configured to removably support the
cassette, the cassette support being at least vertically
opened;

a hoisting unit configured to hoist and lower the
cassette support integrally with the cassette;

a liquid bath configured to accommodate a liquid
thereinside into which'the cassette support is immersed
integrally with the cassette when the hoisting unit descends;

a nozzle provided in the inside of the liquid bath for
issuing micro bubbles from an underside of the cassette support
toward a large number of the wafers; and

a micro bubble generator configured to generate micro

bubbles to be issued from the nozzle.

2. A wafer separation and transfer apparatus comprising:
a cassette configured to vertically accommodate therein

a large number of single wafers in intimate contact with each

other, the cassette being at least vertically opened;

a cassette support configured to removably support the
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i ssue negatively charged mcro bubbles. 7. The wafer separation apparatus
or the wafer separation and transfer apparatus according to any one of
claims 1 to 6, wherein the mcro bubbl e generator causes the nozzle
to issue a mcro bubble having a dianmeter equal to a width of a groove or

| ess, the groove being cut wwth a wire-saw used in slicing a silicon ingot
into single wafers. 8. The wafer separation apparatus or the wafer
separation and transfer apparatus according to any one of clains 1 to 6,
wher ei n EREsEit&o Hibd| @agBatEgt SMPPATePaRg Ezleass VeFFd®Idtro
bubbl e having a dianeter equal to a wire dianmeter of a wire-saw or |ess,
the wireS®&R99i ng used in slicing a silicon ingot into single wafers. 0.
The wafer separation apparatus or the wafer separation and transfer

appar at us accor 8 RQUST I Yhkt of CREZPNE o t@ droist and JQued fhhe nicro
A o e e e L e
waf er separation a ransfer. arat accor one f clalns 1to
3 her 81 AR e bEDRT e GoRer ator ishunete EhEonasIFe B8 1 sue a
mcro bugglt%.tq%vgl 16,2 cg's%%ettteé s%fpp%QrtATnOJeéﬁgflymlth the cassette so

as to switch the wafers accommodated in the cassette between

a state in which the wafers aré vertically'arranged.and.a state

in which the wafers are horizontally arranged;

a liquid bath configured to accommodate a liquid
thereinside into which the cassétte support is immersed
integrally with the cassette when the hoisting unit descends;

a nozzle provided in the inside of the liquid bath for
issuing micro bubbles from an underside of the cassette support
toward a large numbef of the wafers;

a micro bubble generator configured to generate micro
bubbles to be issued from the nozzle;

an unloading memb_e_r configured to unload a topmost wafer
from the horizontally arranged wafers hoisted from the inside
of the liquid bath; and

a carrier unit configured to carry the topmost wafer

unloaded by the unloading member.

3. The wafer separation and transfer apparatus according

to claim 2, wherein the carrier unit includes:
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average. 11. The wafer separation and transfer apparatus according to any
one of clains 2 to 10, wherein the cassette vertically
accomodat es therein a | arge nunber of the single wafers in intimte
contact with each other so that a running direction of the wire-saw used in
slicing a silicon ingot into single wafers is the sane as wafer unl oadi ng
~and transfer directions of the unloading nmenber and the carrier unit. 12.
The wafer separation and transfer apparatus according 'to any one of clains
2 to 11, a deffecdi deativrninnibng devhte puppodes niearcass efpsa sgpor t
so that a top edge of the wafers comes close to a vertical inner wall
surface 6fidenhe@f iqlipmatari Rathe foradetiarninthgt Aededrets oar @ wafidxal |y
arranged_and accommpdated in the cassette when the cassette support is
erect ed. Pe139 £3xH 9 s5eparati on met hod conprising the steps of
an acconnndating étep of, verticalléﬁacqonnndatin a Iarge nupber of single
e

wafers in a casSettESFHING PRYLESCBRPHCESH PR R4LAREhEFaM Rede RS dtlte
of mount RIS o | TS RBACasta AP5RFS TRbeETI B ChppBHR Aghst
diverging a wafer determined that the wafer has a defect to
a discard route different from a carrying route; and
a collecting device configured to collect a wafer

determined that the wafer has no defect by the defect

determining device.

4. The wafer separation apparatus according to claim 1 or
the wafer separation and transfer apparatus according to claim
3, comprising a moving unit configured to move the nozzle or

the cassette support along a direction of arranging the wafers.

5. The wafer separation apparatus or the wafer separation
and transfer apparatus according to any one of claims 1 to 4,
comprising a cover configured to cover five sides except the
underside of the cassette support as the cassette suppoft is

immersed in the inside of the ligquid bath.
6. The wafer separation apparatus or the wafer separation

and transfer apparatus according to any one of claims 1 to 5,

wherein the micro bubble generator causes the nozzle to
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vertically opened; a lowering step of lowering the cassette
support integrally wth the cassette using a hoisting unit and i mrersing
the wafers vertically arranged in a liquid in an inside of the |iquid bath;
and a mcro bubble issuing step of issuing mcro bubbles generated
in a mcro bubble generator from an underside of the cassette support
toward the wafers vertically arranged and causing the mcro bubbles to
enter and stay in a |large nunber of the individual wafers. 14. A wafer

separ at i dissared ntegasiee lyechadgedhpriicsicngoubbles. an accommodating step
of vertically acconmodating a | arge nunber of single wafers in a cassette
inintimte contact with each other, the cassette being at |east vertically
opened; a nmounting and supporting step of nmounting and supporting
the cassétte onTRec e eCPFFFdiCRNRMESAL YR AN &9 yadisehegparation g

| owering step of | owering the cassette support integrally with the cassette

usi ng a RESEFRGSAGY SHRAY Hre? s‘?%‘@o’c’ﬂ%nﬁ/agﬁr%ni?e?‘tl?c%ﬁI?l%?‘i“%njge"cpiqv a
ro bubble issuin

liquid in an inside of &%% ILguid b %g; a mc g

step of,issuing“ﬁf%%ﬁ‘b g3 §8nBP§ & 9ﬁn§rﬁF8FbcﬁHSSF¢tB%H@?%? ? ¥?om an

undersi dg Qf, & € ,GASSEW oS HRAOL Y 1 hGWAT §: LA W8T @hRieTdd Gal dad] Fgpged and
| groove or less, the groove being cut with a wire-saw used in

slicing a silicon ingot into single wafers.

8. The wafer separation apparatus or the wafer separation
and transfer apparatus according to any one of claims 1 to 6,

wherein the micro bubble generator causes the nozzle to
issue a micro bubble having a diameter equal to a wire diameter
of a wire-saw or less, the wire-saw being used in slicing a

silicon ingot into single wafers.

9. The wafer separation apparatus or the wafer separation
and transfer apparatus according to any one of claims 1 to 6,
wherein the micro bubble generator causes the nozzle to

issue a micro bubble having a diameter of 100 um or less.

10. The wafer separation apparatus or the wafer Separation
and transfer apparatus-according to any one of claims 1 to 6,
wherein the micro bubble generator causes the nozzle to

issue a micro bubble having a diameter of 20 um or less on
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causing the mcro bubbles to enter and stay in each space between a | arge
nunber of the wafers; a rotating step of rotating the cassette
support integrally with the cassette to horizontally arrange a | arge nunber
of the wafers using a rotating unit, while the mcro bubbles enter and stay
in each space between a | arge nunber of the wafers; a hoisting step
of hoisting the cassette support integrally with the cassette as the wafers
are horizontally arranged using the hoisting unit and |ifting a topnost

waf er abevéeragdd-east a liquid level of the Iiquid bath; an

unl oadi ng step of unloading the topnost wafer lifted above the liquid
level; and a carrying step of carrying the unl oaded wafer. 15.A wafer
separatlon and transfer method conpri sing an accommodati ng step of
vertical My -accomPSd¥ELeF & SRF R Heprissrd ?r%Pﬁéﬁé aRPeratius & R in
intimte contact wi t h_each, ot her after renoval of the wafers, the cassette
bei ng at TPedLYY %% Gl F¥2oBenédLo 10, a nounting and supporting step of

nounting and su ortln he cass tte on sette su rt at .| east
vertical |y openglg" rptthe casse te vertlca S.Ly accomn%)é)ates therein a

large number of the single wafers in intimate contact with each
other so that a running direction of the wire-sawused inslicing
asilicon ingot into single wafers is the same as wafer unléading
and transfer directions of the unloading member and the carrier

unit.

12. The wafer separation and transfer apparatus according
to any one of claims 2 to 11,

wherein the rotating unit supports the cassette support
so that a top edge of the wafers comes close to a vertical inner
wall surface of the liqu'id bath in the state in which the wafers
are vertically arranged and accommodated in the cassette when

the cassette support is erected.

13.° A wafer separation method comprising the steps of:
an accommodating step of vertically accommodating a
large' number of single wafers in a casset:te in intimate contact
- with each other, the cassette being at least vertically opened;
a mounting and supporting step of mounting and

supporting the cassette on a cassette support at least
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a pre-washing step of lowering the cassette support integrally with the
cassette using a hoisting unit and pre-washing the wafers vertically

arranged; an unl oadi ng and carryi ng step of unloadi ng and carrying
the cassette after pre-washed; a lowering step of imersing the
carried cassette in aliquid in an inside of a |iquid bath; a mcro

bubbl e i ssuing step of issuing mcro bubbles generated in a mcro bubble
generator froman underside of the cassette support toward the wafers

verti cal veraicadged eprinedusi ng the nmicro bubbles to enter and stay in each
space between a | arge nunber of the wafers; a rotating step of
rotating the cadsdcmersiyphoteP neEglaiey 1R FhthecrasakteeSUEPRET zontal | y
arrange a | arge nunber of the wafers using a rotating unit, while the mcro
bubbl es éRt&TaId BV afh the §&5 s§Fd@ubéfde® Hod St URd AR d dMMSHS 1Rd er s;

a hoisting step of hoisting_the cassetite support .integral] iLth fh

Casset t e LHe FROSREr EPE CAFA I PEGMIEAY 1t Pahgat ot R R M RIS 9 hd A
and Iift&g%u%dgﬁﬁﬂﬂfy waf er above at least a liquid level of the liquid

bat h; oadt g step of unloading the topnost wafer |ifted above

the liquid level;ﬁ?ﬁlc bubble issuing step of issuing micro bubbles

generated in a micro bubble generator from an underside of the
cassette support toward the wafers vertically arranged and
causing the micro bubbles to enter and stay in a large number

of the individual wafers.

14. A wafer separation and transfer method comprising:

an accommodating step of vertically accommodating a
large number of single wafers in a cassette in intimate contact
with each other, the cassette being at least verticélly opened;

a mounting and supporting step of mounting and
supporting the cassette on a cassette support at least
vertically opened;

a lowéring step of lowering the cassette support
integrally with the cassette using a hoistingunit and immersing
the wafers vertically arranged in a liquid in an inside of the
liquid bath;

a micro bubble issuing step of issuing micro bubbles
generated in a micro bubble generator from an underside of the

cassette support toward the wafers vertically arranged and
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a carrying step of carrying the unl oaded wafer. 16. A solar cell wafer
separation and transfer nethod conpri sing: a slicing step of
slicing a silicon ingot integrally with a support plate into a | arge nunber
of waf ers; a renoving step of renoving the sliced. silicon ingot
fromthe support plate for single wafers; an accommodati ng step of
vertically accomodating a | arge nunber of the single wafers in a cassette
inintimte contact with each other after renoval of the wafers, the

casset t echuisigiat heenigtr @ bubildald yospererand stay imeaotapage detween
supporting step of nounting and supporting the cassette on a cassette
support at lpagss nurkexapfytbpenaders; a lowering step of |owering the
cassette support integrally with the cassette using a hoisting unit and

i mrer si ng the waf &CSalMg catey afr &ARGEE 1IN £he kARt ansSURPCFE of the
l'iquid bath; _

integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bubbles enter and stay in each space between a large number
of the wafers;

a hoisting step of hoisting the cassetfe support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer

.above at least a liquid level of the liquid bath;

an unloading step of‘unioading the topmost wafer lifted

above the liquid‘leQel; and

a carrying step of carrying the unloaded wafer.

15. A wafer separation and transfer method comprising:

an accommodating step of vertically accommodating a
large number of single wafers in a cassette in intimate contact
with each other after removal of the wafers, the cassette being
at least vertically opened;

a mounting and supporting step of mounting and
supporting the cassette on a cassette support at least
vertically opened;

a pre-washing step of lowering the cassette support

integrally with the cassette'using a hoisting unit and
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a mcro bubble issuing step of issuing mcro bubbles generated in a mcro
bubbl e generator from an underside of the cassette support toward the
wafers vertically arranged and causing the mcro bubbles to enter and stay
in each space between a | arge nunber of the wafers; a rotating step
of rotating the cassette support integrally with the cassette to

hori zontal |y arrange a | arge nunber of the wafers using a rotating unit,
while the micro bubbles enter and stay in each space between a | arge nunber
of the wRf€rgashing thewabp¥ei NG oy HF5ePa§dt he cassette support
integrally with the cassette as the wafers are _horjzontally arranged using
the hoisting unPf® BRYCPALDERNE qwgmogd%%oﬁ@lpga%‘ﬂd EAHGURE | evel
of the Iiggid batﬁg an unIo?PkPg step of unl oadi ng the topnost

waf er | ft'&d S e fFGhi BEPeVESRed:™ 3 carrying step of carrying the
unl oaded waf er; aig a_transfer step of transferring the.carried wafer to a

sol ar cell fabrPcaPl6H AhETERST TP 5t iGN rEnst er
nmet hod aﬁ%%{@d“&ﬁcéﬁlfﬁgléé 8? ASQﬁﬁﬁfém%égﬁar cell wafer separation and
h g fo claim1le, co

transfer od "accordin npri sf ng: a collecting

step of coll ectingUIOMGLGAL| YoCalbecUg Wi £a66iAg MALEL Wit

carrying step in a wafer co sequent step

transfer g\%h%%ﬁe@titrpaame%l ¥ubb2BS§ERELAGLNE VRT £h wRhdesthanprhafter

collected to a subsequent step using a multi-robot arm

cassette support toward the wafers vertically arranged and
causing the micro bubbles to enter and stay in each space between
a large number of the wafers;

a rotating step of rotating £he cassette support
-integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bubbles enter and stay in each space between a large number
of the wafers;

a hoisting step of hoisting tﬁe cassette support
integrally with the cassette as the wafers are hofizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a 1iquid.level of the liquid bath;

an unloading step of unloading the topmost wafer lifted
above the liquid level; and

a carrying step of carrying the unloaded wafer.

16. A solar cell wafer separation and transfer method

comprising:
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18. The solar cell wafer separation and transfer nethod according to claim

16, wherein in the transfer step, the wafer is transferred to a
chemi cal etching apparatus for texture treatnent .to fabricate a p-type
waf er or n-type wafer. 19. The wafer separation nethod according to claim

12, the wafer separation and transfer nethod according to claim 13, or the
sol ar cell wafer separation and transfer nethod according to claim 16 or

17, wherein in the mcro bubble issuing step, the nozzle or the
cassette suppor® $kigbnedtapad ol driegtd onlotoar inagt g te@rabigmsith 20.
The wafer separation nethod, or the wafer separation and transfer nethod,

or the s8l &PRAYt \Rfake stphPafi sAT&Rd TWHIRY e L n¥@hedSaccording to any one
of clainms 13 to 18, , wherein before starting the mcro bubble

i ssui ng step, fAECBPARBISEERHP It FRMahdBasihR Sefcerkstadsorn BNgapfaiani s
covered with a cover as t he_cassett sg&Port Is imersed in the inside of

t he quuF ephgupPort plate for single fers; _

an accommodating step of vertically accommodating a
large number of the single wafers in a cassette in intimate
contact with each other after removal of the wafers, the
cassette being at least vertically opened;

a mounting and sﬁpporting step of mounting and
supporting the cassette on a cassette support at least
vertically opened;

a lowering step of lowering the cassette support
integrally with the cassette using a hoistingunit and immersing
the wafers vertically arranged in a liquid in an inside of the
liquid bath;

a micro bubble iSsuing step of issuing micro bubbles
generated in a micro bubble generator from an underside of the
cassette support toward the wafers vertically arranged and
causing the micro bubbles to enter and stay in each space between
a large number of the.wafers;

a rotating step of rotating the cassette support
integrally with the cassette to horizontally arrange a large
number of the wafers using a rotating unit, while the micro
bubbles enter and stay in each space between a large number

of the wafers;
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a hoisting step of hoisting the cassette support
integrally with the cassette as the wafers are horizontally
arranged using the hoisting unit and lifting a topmost wafer
above at least a liquid level of the liquid bath;
| an unloading step of unléading the topmost wafer lifted
above the liquid level;

a carrying step of carrying the unloaded wafer; and

a transfer step of transferring the carried wafer to a

solar cell fabrication apparatus.

S 17. .The wafer separation and transfer method accordin§ to
claim 14 or 15, or the sblar cell wafer separation and transfer
method according to claim 16, comprising:

a collecting step of collecting automatically
collecting the carried wafer in the carrying step in a wafer
collection box; and

a subseduent step transfer step of automatically
transférring the wafer collection box after collected to a

subsequent step using a multi-robot arm.

18. The solar cell wafer separation and transfer method
according to ciaim 16,

wherein in the transfer step, the wafer is transferred
to a chemical etching apparatus for texture treatment to

fabricate a p-type wafer or n-type wafer.
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19. The wafer separation method according to claim 12, the
wafer separation and transfer method according to claim 13,
or the solar cell wafer separation and transfer method according
to claim 16 or 17,

wherein in the micro bubble issuing step, the nozzle or
the cassette support is moved along a direction of arranging

the wafers.

20. The wafer separation method, or the_wafer separation and
transfer method, or the solar cell wafer separation and transfer
method according to any one of claims 13 to 18,

wherein before starting the micro bubble issuing step,
five sides except the underside of the cassette support is
covered with a cover as the cassette support is immersed in

-the inside of the liquid bath..
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