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WO 2008/075970PCT/NO2007/000453 Method and device for separation
of silicon wafers Technical field The present invention relates to a method

waBsh@@amige for separation of silicon wafers from a horizontatmstackoofeoodss

silicon wafers. In the present application the term 5horizontal refers to a
stack where the stacking direction for the wafers is horizontal, i.e. the

surface of the wafers is lacaier i SubsiaialG ¥ efidcst RlanersPrior art

In the production of}snlcon wafers for use in solar cells, silicon ingots are
€UhLRNtadhin wafers. As a rule the ingots are sawed up into wafers in a
parallel manner 10 and in a liquid-cooled sawing process, and as a result
Tidhiscand sukseguentjpsocessestiedprotiactvdrsistssop arstaokodstHerst,
Jhirsilicon wateiseithe-subsaguent process edeh prdivid uabiieddvistte term
PG gﬂﬁqé@&y @%@é&ig %éfeoﬂ{ég%zaﬁg chndiyighiahwalerkom kb zontal,
Hf%ta%?;ﬁgggem Uy conducted a5.a, Dpanul gheralion, wbele.ppigperator

& oUtetmost wa ers fom the stack 15and places them in a
£asseite or in turn on an assembly line for transport to the next processing
Stage This process is not without its problems. The wafers are held
1ogsthat by:a dareeaviieh isdeaterotined iny cahesie, sldbhesivgendre cut up
i\fs_iﬁ)cﬁﬂﬁ Wﬁ@ﬁr tigs é&ﬁ@@tﬁlﬁf&@@s%@%@%dh@%@%ﬁ&w@ liagattiBe] manner

roéf&g( i the surface ¢ Sc‘é’?sfeéﬁd?ag %E\ﬁ%?%ﬁmtﬁﬁc@% ipnds a
B AERe Sh ol depars e sf&%sg'wg@é@ She
RIGSEEST iR ”f%ﬁ Sops

per: orme e manua Eﬁj lts'in a
er

Fﬁ Idm”ﬁddl M'isé Mé’l’é‘ﬁ%}:?ﬁﬁ‘%ﬁﬁﬁ&@&? al?ﬂ' 4 %n In the
arcell | us a.he uce .
T%@ﬁ?}?g@%ﬂ%l Wlﬁ% 1V1 er tﬁ@%&}!?}@%ﬁ&gﬁ& Y)\@c{ﬁ@ed as

&St rement for ext{em ref u

PR a%%%&%%?&ﬁ q}#‘ Frﬁﬁ]%“ btica

2002lesT7d5™ @e%@ﬁ@%@é|é%é‘aﬂﬁo?%éﬁéﬁéﬁw§f%ﬂ&6?f Wﬁ?é?é’%ﬂ%he next
pestieslisgagkge The wafers are lying in a horizontal plane and are moved

in this plane. A transport device is employed here WhICh lifts té%? S|I|{:
WaifepTaceFaAtel SiARUANAPIFOI e SESCRAVHIE A bR OTee

patiwkéndtier8otog bificohawiaferaiigtive sedaier iy BImBsH alarths srgdmm
tehelpdheimsieche sepaihtadifromuehochsetiethedsdifanvahthgevefdsis
teghRigke is Mattheradssill @ wertiisaal dapagadurng thelseparatione
%&eﬁg'ﬁﬁgﬁj%% dit'%ﬁ‘%ﬂﬁﬂ ﬁ%ﬂﬁ%i@@i@éi@ﬁ&%ﬁli@hal o;gration
atasoen Bt R HPLE R A @9{5@ tn. In
ﬁ%a wafer et’ﬁmrp nhefuigd;g he s, thi yre

e ReHaE 64 5 ﬁﬁﬁﬁ}?ﬁéﬁ’éﬁﬁﬂ?ae fE5FE& suf);"tv%}eé@r}\Sjl e(%/vazf EPFT\?S'(%{ 150 -
e S becomes

eauserivto i@portant.

rom t e stack

In the publication WO 2004/051735 a device is disclosed for separation of silicon
wafers from vertical stacks. The wafers are lying in a horizontal plane and are
moved in this plane. A transport device is employed here which lifts the top silicon
wafer in a vertical stack away from the stack while a fluid is blown in between the
top silicon wafer and the second top silicon wafer in order to help them to be
separated from each other. A disadvantage of this technique is that there is still a
great risk of damage during the separation of the silicon wafers. The transport
device comprises means for attachment to the wafer, which means exert pressure on
single points in the wafer. Together with the fluid blown from the sides, this
pressure is intended to surmount the capillary forces between the wafers. The
pressure may therefore cause deformation of the wafer and at worst cause it 1o
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break. The publication shows how this problem is solved by the transport
device also including parts which hold the wafer back and avoid folding
thereof DE 102005016518 discloses an apparatus for detaching wafers
from a carrier 5system and for singularization of a horizontal stack. As

otﬁ%@ttbqqtétetﬁamt%ﬁeﬁw%t% g ﬁrebe@t t@%wg@tglaeﬂrmwﬁsdemce
gg ItoC egure the SI|I or‘h(woiilat%ﬁe\)vdynn dhe S \g/{/r(l) t ereof
ngass S af(”i&) ?h g“fue ave e remove erwar |n ord

pﬁﬁ% dlgaion. The puhliation desrfes A shise H%%E' e
strik e into t aSS sheet un Outer stw usin
Hio6EA” BGHIEN A HBSEARRALF RS WS Saural Sifoin, the carrir

HoWeheisig ?tt(%wéldf&%a}ewwghw%@ aatdctétﬁ%aréﬁhegumﬁg fpwith glue)
fdiluregohactievessimgutasizationg [Bhe dieevemutilicationkaefan tbchandhing!

oftvatessdoriheRieairppies-ndustiya ihesenatersnayelatielon describes a
ARG EhALERRIGRa %9@%&%@%@ {ﬁéa&mepﬁéoég@gﬁer causing it to

Techanlcal loadin ; é%e t other t the ach that are b
relativety Shic 6'(58891 f’stFéSfP\‘thaR s OAAh&BiHaPRh 8%6"'“ is that it
RBRENTrAGHE Y ﬁ&a@w%wﬁewm@ﬁn&aﬁeﬁwq% HrEsaht
inventlenistiotended amongst other things to be capable of performing
singularization for these wafers. The invention, however, can also be
ehiglehedconbiepiianzatbn o wadlongitd potisickiesbestifferaricsondustry.
tﬁhsemﬁfersdiaveéﬂmfﬂ&fﬁlgcaDﬂhé%mﬁisﬁmbﬂﬂimmsi&fifa@d relatively
rgpe%e%amﬁtm @@Qﬁ&g&?@tﬁ@&ﬁﬁqgﬂéﬁ&@ﬁ&@ %%Y‘@igy are

¥ Pﬁf@gﬁp dﬂvw VX% eSI)?{t ?ra}ilpeg tg)e ?‘“CO{BWG}{ e extr%mely

iCl e pr portlon o dama ed silicon Wafers Is reduce
g @%da %’étimw? KB ESRUSR A IO Hirsta et e R fioHtended

cféﬁﬁﬁt@é@‘éi‘?ﬁé‘th@%ﬁf@r besaralibh of pesfiitcoing sfeg flomzathonifonthpse wafers.

staekinfsiicon WwaferserT hennaéthde isnchiaracidtisathinthatitoamtisagers with

tha dellevéngdstensnal Ailarking aan@iable transeestds VIQeGQ;@@H%Ce of

the outermost silicon wafer in the stack and b) moving the silicon wafer

Foinba Subsiantalyeversicaliilane totl dhe sbicrovdier is-sepdraiediHant for

thﬁ;ﬁr@@lﬁg Siligan welRis apRaRigdiy tﬁ?@@ﬁaqtﬁt% Mead 8RdBErs more

¥Jce ageor in E)th |nvent|o are, for example., wa ersarioﬁrodu tlog
so ar ce/ﬁ er ars hir r(]1 nﬂ@% Tad et dllfnrge H@F of"
|§‘b‘§€ E@liarly crltlcal The term "stack" refers to the product obtained after
[ di solutlon of the 35adhesive layer, or after removal of the
Uit ayet hotHEEway. The forces holding the wafers together in a
ck acombl ion of adhesive, coheswe iscqus and mechanical .
?éﬁiceﬁgﬁasgaﬁesﬁ%%h%"%%ge.ss THERE RGNS THE S aii el

f8’r%§§) b?@p]@qm@gggﬂgégg5§@ method is characterised in that

it comprises the following steps: a) attaching a movable transport device to a

surface of the outermost silicon wafer in the stack and b) moving the silicon wafer
in a substantially vertical plane until the silicon wafer is separated from the stack.

The silicon wafers separated by means of the method and the device according to
the invention are, for example, wafers for production of solar cells. Such wafers are
thin (100um-200um), and the handling thereof is particularly critical.

The term “stack™ refers to the product obtained after sawing and dissolution of the
adhesive layer, or after removal of the adhesive layer in another way. The forces
holding the wafers together in a stack are a combination of adhesive, cohesive,
viscous and mechanical forces (the adhesive and cohesive forces constitute the so-
called capillary forces).
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In the illustrated embodiments of the invention the movement of the wafer
in the vertical plane will take place substantially upwards, Le. in the

wdkgelanapposite to the force of gravity, thereby achievingracomeoilzdio4ss
movement of the wafers. Several dirgctions can be defined in the
vertlcal plane, thereby making it possible to 5define several variants of the

InYRnsan r%égr&n Xampler thewalenis nevadJeRRosz antakaverisahe

o S e v rtlcallplpan%aﬁh% ﬁ?sf%nlﬂ%m%%osue to
Ve E&P}ﬁﬁne refers f0.a movemen gﬁgo s not Incly %htln fers.
thedoerReiisTesiibh g@%%s@“@ﬁ?ﬁ?%&ﬁ?%ﬂ R Water Whlc% IS sti

attache to an ingot at qn f | ¢ nossible to
Shové é J? % & lg Ternal. meg%%%g gt%eii%@ébg%még%z{gm in 2
dﬁfé‘i‘ﬁlé%eféltﬁ%ﬁ’ra&é% ?t oH Y PHECTVERTGH Or%?/l ¥a Vertlca movement
hof treniehfEpTivel ipTuBiar Biel lf%(’}ﬁ?ﬂ‘@%‘fﬁ k! E}Ibe until the wafers'

surfaces are ng Io rIocat 05| ne.,another. Th
R AT LY Jar SR I c’fg%ni%*’“n%%a %‘iphf‘r%fﬂoﬂgﬂgh 7o°°
%Wﬁéﬁt%ﬁ%?@l@vmﬁr{ﬁﬁﬂy %&&H@Sﬁ v ;( Bodwaeeﬁtvv e
s1Bilhisteatad inethendeawings)erdHorenrar hiBpAHIEdr B SRYSPBgments will
cEhe:lagtrmentienedieshbodssent Wik baiivsiraiel inathteatdnitgs fsgruction.
Mariantatithe matiied the-aunied pathdamrd vided:y medns of apeneetiton
tﬂ@ls(fgcipq wafers are atiached with thesasulithat thenraovemaieisne another.

performed along a curved part of a circular path. With large wheels the
path ok mevesaeriowiliappsaaehthertiorizongalf? Gxrapembodinienesepart of
I tB?%éG&ﬂ&iﬂaﬁ%m Iﬁ)&&ﬁiﬁmwaﬂg@tearﬁ@mmtelmmfm will be
€ a e %&@%@%l&ﬂ%dlﬁﬂw he last-

1061 r%{na%e% Sl,nsﬁ{r%gﬂw% % |q }égrﬁ%%tmnﬁg tﬁfé H] fﬁr a%&t@&t@ﬁé

e\%a?félﬁ?s \H%?dvﬁeren ions. gni | |I\% is,spraved.in
1&?7@%‘51%%%8@ ﬁlﬂ@&‘@&ﬁ& S?H%e%:bq’é) ﬁwlg iS to% PS% f Bih
W@ﬁhd&?ﬁﬁ%@h@ﬁﬁﬂ%’?ﬁ@%ﬁtﬂ%ﬁgﬂg R VA R ‘33 2
Stackad lpaahoﬂdeh\larqu@ﬁdtbpra%hgﬂ%@@lﬁ@%‘é’p’érﬁl‘érﬂ?@émhmmmai

warfers so that they remain located in a stable position with cin
erwesarb2bmsnttLo O R RTeFSIBE PRID B FRAR A Sy ‘%%Fg%a% %H}é‘my or

sephratibméessdsensitiveidefthkmessshariations in the wafer. Providing

spacing between the front wafers, 30moreover, perm cﬁé‘er to flo QVEL on
henpokofiaier st aBe Bph BRI CPEVING %H‘F%Ps&@r ISR ) Wafer d

wadior hisrsigalss siteer 1d thdants yode SHHRE NGRS JRIRRA @B?Q}tn

is toregmbie amyrgesl dobhlesidl thiractterj thefbby bidd @ﬁglth@éaﬁméwm
fprcesdetuean thewalersoln thislease thevspatingshetwednthy Wafergie stack.
ﬂ!l" SEa %ﬂn‘!‘ﬁﬁﬁ[f&%ﬁ%&‘%ﬁ@@%&fé&%%@ﬁﬁ@@ iBooras Blerapother they
16?1%1111 kmca‘te& 1% g‘ Sihag Vé; %mi%ﬁﬁs%ﬁﬁreéﬁ%tiﬂg' of siuaneqys-ovement

e remalnlng Sificon afers.in the stack b e

BlSERIG HEiCa™ 47 ‘é?{lélﬁ%é‘é%? hehtthe n%get c%}%/nﬁ%S%ég I%fl%f wi
Mﬁ#@r%ﬁ”@n%% HesnBerg ?ﬁ%"\)\%?ﬂﬁ&ﬂgtﬁgtt‘?gﬁg %?t QUK %Fﬂé
mayebeccapisdisurieniedhyop ecnibosihelt orfse wa’%recﬁ'%éhﬁéﬁ

deiiee alehgeeditsctiatepeniéndibetaictdsShidedafeis antaite HaASHS fumfwn
deviggia) Panedas examnledynmeansudbids whibh isabiovheindr théucing the
HRRTRoIt evice, on o the wafeser byimeans eha dhdidDassacktivmhe wafers will

be so great that viscous counterforces can be ignored.

In another embodiment the method comprises prevention of simultaneous
movement of the remaining silicon wafer or wafers in the stack by means of 2
blocking device.
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the transport device to the wafer. The removal may also be implemented
by a relative movement between the transport device and the wafer along
the plane of the wafer, or by a combination thereof 10In another
embodiment the method comprises the foﬂowing steps after step b): c2)

vina.the stack towards the transpart device a distance corresponding to
P R i R s & b ep )
SEARAIBR DRt SRR WSS Rindte atadkis mashspeetjahoue2)y means of
il pecsorudtéeesimiittaredustirosins decessigionyhatedtisohpagsiiecular to
talzegifayith(ah driwithea2poFhelatscs Mays IO eXampISI D8 WALShs of air which is
e T et o

nsions in or _

e T g e b
té%ﬁ%?&tﬁ?%"&%%&%@ﬁ"‘i@l%@:‘Efﬁlaéfé%ﬁbiﬂj‘seeﬁg@ Hriovesien shore the plane of the
phFETedr30G ROTPhevecarghargrdat many substances on the market for
reducing the capillary forces and the viscosity in the water. Heated water
e GeeS BB tHItHR GaHatdhe dirdarupidsvis Cosify | Thensedend efspestepfb): c2)
tieoiviventiicrs cor prisesda tevieantoroseparation ofaaliconWafRmlian & the
hoiizionsal stack alisdigon wafers: BhedemiceiseRaracterised f&-tt;@gg}ﬁﬁon of the
2p50M0R1ises Amovable franspart device for attaching to a surface of the

outermost silicon watfer in the stack, where the_\ movable transport d_evice

IS apargeddaranpyemertobing alican walgrin a sybsiantially vertica ere it is
ggﬁ [ng[loﬂﬂ% %yf%ﬁfﬂ%alfg[) Iis  Sepa ted from the gtaci. fn an embodiment

f?ée §evice corﬁprises an apparatusfor moving the outermost 30wafer

iadl ical, horizantal, slanting or curved path in the . .
B ] S A R gotves o
O TR SR AR5 e RS BB o, IsRotnee e dimenparation of
tH Fom e iegdiigsiaciidchodisaiwheydin thepeack iscompletdiyve a
departipisubmicbgesc S5 el am hoeforebltie device somRsisaHPNGRFerred 50°C.
Maeed@zzies: tor speayingbaciaeid en Thid-niedps: siliern yuaies Hﬁ&r(?e%ryt?orces
%@E&%&&B_@imﬂ'%f%@? k?—?é\c’l\fg? %@%%"%%%@Eiﬂgg %ﬁ? act:g %egsions and
transport device and the adjacent silicon watfer. _

%gﬁ)é’%c}%sé OPCT/NO2007/000453 5 In another embodiment the device

G r cki evice far preventing simujtaneoys movement of thg,
e el Tl o
5 A A it ol che el e e v ahapterised i that i
JEVIEE SSadhetfiaY @ fibesdime de thesdoviet aadnmyrises sneans fdrthrovingrmost

6 siackafawands thedrknsperedavie e WHanGe FOHESRANNING RANBE for
thiskaess S tiResilitennales: thefeRy Rermitipd sepal; ﬁ%ﬂe‘){xﬁ'@g ARiticon
%U&?QP;WE@%B_E%H E}ggn%tﬁl%ksgﬁgmeans of the tfansport device. Even

though individual features of the’'invention have been described in

¢RRNESHBRdiment the device comprises an apparatus for moving the outermost
wafer substantially along a vertical, horizontal, slanting or curved path in the

vertical plane. An example of the last-mentioned alternative comprises a wheel to
which the outermost wafer is attached.

In another embodiment the device comprises a liquid-filled vessel wherein the stack
is completely or partly submerged.

In an embodiment the device comprises one or more nozzles for spraying a liquid or
fluid on to the silicon wafer in order to counteract the binding forces between the
silicon wafer attached to the transport device and the adjacent silicon wafer.
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10with different embodiments and variants thereof, it will be obvious to a
person skilled in the art that combinations thereof also fall within the scope

W@%/ﬁ%@%t Detailed description The present invention%’ _ &%\%}pﬁ“% 453

described in detail with reference to thesattached 15drawing which
schematically illustrates an embodiment of the invention. Figure 1 is a

iew oggrfgsltb% 1bodlmgnt of the invention. Flg)u a view from in front

e2i
g? g 0écon empbodiment, gfe mgelr‘f@emrﬁ%sr?? I?igur(éi’é“l% 2 detai ngrfﬁeév WHEE
L S PBEBh RASTVERGTH Ryt & S01EW froeatiste
of the seeond.smbodiment.ofihe. invention, 20F gure Sis YIS oM. ¢ 1,
efow of a igar?o e second €ém o%%ént?ﬁ%%reof iiflistrates a dewéaéslfm "

e BraRP b RE Hvention for separation of a silicon wafer from a

honzonial siack.d0where a.plurally, of slican.waters 12 are ananged i ag,
vertlca}lposm n.in a liguid- led vess Tg.SBmver%icaﬁ it oiwe mean that
SHCHAREREHA T S TR Ry TS RERM SN EfhESsRess hdhegilicon water,
HuHsBhRa DB AS HRACELPBSthBrsRsa i EpBiigefiea shgas kb ihgeans of
dmibodisperitdsivike. invention has one or more suction devices 110

capable of adhering to the surface of the outermost silicon wafer 12 ]
ottt wRitH B ARAGR SHERA) o MBmHG I TmbsbAeaeRiRag! s connection
HoHzBrtalg aath ediicastonards thes timapiostwiibe ahdisubseguentyn
piskic dnttie sitichiatwafebibdtimss shibstaitiadlyaléricalpihnaeand iof dhe patent
3Ryergical direction (arrow A) from the stack 10 to a conveyor belt 14

where the silicon wafer 12 is then deposited and released from the suction
Hevicks, desergaidmmeans (not shown) for moving the transport device 2
comprise a horizontal and vertical servo-controlled pick-up and delivery

dAR. Drs s e peiaTe D e hidersibeddndeiapont Bevitaedingheastached
fivevd g tivh devibes1210apindddsimathe apv@ bodiment of the invention.
2008/075970PCT/NO2007/MM453 6 corners and in the middle of the

WareE THeghvonta fishemedissminisbs magmiéPibwards the outermost

b iRta 1S HATBhFH Thah RGO SAPETIES T SO
waley, Alemalaly e, Sagk e moved horizanialy sige . sigp end

uction aevices can return to a fixed point. e suction devices

a8 AL aNY6dRRAS M X Adryshing Jaucs.an e whale Rt theyalsr's
surface, this pushing force being approximately equal for all parts of the

Watee T hisicdevbércontkitieddi ghoosibetheccar eattuditheitand position
of the suction devices, which is easily done since the whole of the wafer's
Sigfaed Blustrates a device 1 according to the invention for separation of a silicon

wafer from a horizontal stack 10 where a plurality of silicon wafers 12 are arranged
in a vertical position in a liquid-filled vessel 5. By vertical position we mean that
each wafer in the stack is lying vertically, while the actual stack is horizontal.

The device 1 comprises a transport device 2 which in this embodiment of the
invention has one or more suction devices 110 capable of adhering to the surface of
the outermost silicon wafer 12 together with means (not shown) for moving the
transport device 2 horizontally and vertically towards the outermost wafer and
subsequently pushing the silicon wafer 12 in a substantially vertical plane and in a
vertical direction (arrow A) from the stack 10 to a conveyor belt 14 where the
silicon wafer 12 is then deposited and released from the suction devices. The said
means (not shown) for moving the transport device 2 comprise a horizontal and
vertical servo-controlled pick-up and delivery unit. In an embodiment of the
invention the transport device 2 comprises five suction devices 110 placed in the
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10available for placing suction devices. The position of the wafer is
thereby under control during the entire separation operation by means of

wipsakighigndevices. In the embodiments of the invention whgre the @agl.ss
is submerged in water, a hydraulic (wajer-based) suction device is

employed. In such cases almost no capillary forces are produced, thereby

avmdmgggw se of Ile bl k|n %ev 5The V|ce 1 may Hntlhm s movin
OIS o]lr’il ?1 5 3Fa ﬁlgz% qwdoor ATu 8 o th g
tew@&@w%q{amaf W fé?aﬁi PRI AR SRPAIET A é‘%ﬁj
Wmc?@m@a&éﬂm@@w@d@@ﬁyﬁﬂﬂ?@ﬁ§b%@@t@ﬁguaﬁ%ﬁwﬁ@ﬁeﬁﬁ?@ of
thbowugfemeiitionet fdic€s:binding iy sitivorrdvhfersobattyettiebyTHepwatkbthe
ferEeds ke designad to giveaiffatiwater jet. In other embodiments the
nozzles 3 are 20integrated in a blocking device 4. In an embodiment of
The invéntick thenliber etnozzlbsdstioswhile otiserenibudines magie of
thaveatp ossbfnezalespinldngthet e bthod upeniiheatddyviequbichmpligesta of the
Plecking;devics eI dUnctinbdsiie RreveRksinulianeous mavesmat ok
sﬁ?&l é&%&é"—%ﬁ%@ﬂ@%& ﬂ%‘%@?ﬁe@ﬂkéﬂﬁé@ﬁ& &%}E&%&f@ﬂsd%%e iis
léfi % éa glsal}gtyg eyl X l%%e 0 {Pl 11 op e w th th§ Z};!%gd%
evice 4'hay be movabie alon ? nozz
CHRER) B A AR B AREERIGCHhE Yaﬁﬁ?’e“%f)ﬁsm %5?5% e
15A eotristisnaeke 10 theviaxcatiang e aﬁfaﬁlsﬁsp%@@éggg%@m’ﬁ%ﬁ of
lthéraeicevitaiibao)bacestdbeddn greglerydétdil. SPhb oresigalneH 20a
dspited fyrthe autpradosts|liven-waisnidiopeiendobihhstdokkity 36Tie.
silicon wafer 12a is therefore the silicon wafer which has to be separated
Trondehecstholkay Gulther sl 6815 acetononesrtely ivtherdzines liqpror a
Btackistprefesehly stbntertjediihivpteferAfler thectransgontidévicky 2vhtes with
hrra plesedin hewresaGPasiionind@ot efihewaieideaibelsuetiomhe
gevices L0 ae aiached ia) gﬁlééﬁ%@%@éw@f%cg%waf*@flé%%tewgzms 3

ZORID T 00 IR 000l f e ransnat s aiactadio e

SI IcCon a er als move eans o A (?lnventlﬁp vertlfca a%ay %1 £
’fﬁ@%ﬁ&ﬁ Yok aha© dae}%)ez SR RS HEAND eV| né%%hv% of Delt ooF ©
mopzles T%@Wa‘fé%%?@ﬂﬁ%ﬁ@% PRPHR AR MEYSBETR, Tt ’é?(%’?ﬁte by

crea ing t ic or h raullc ressyre in.the suction device
%%‘?%83@83 egr ?eﬁgrg ﬁ reg& s%ﬁngnd%e:x rghgfeTg/ Ose%l ction
’éﬁ&l Eﬁ‘ﬁ%ﬂé‘aﬂﬁgﬁﬁﬁﬁ@séﬁﬂ’(&%ﬁ%ﬁ’f RS E S BT B S AIGH 5F

strelsiIdonbiveslen s Zg dogi ﬁg&hﬁ%ﬂ@mﬁ%ﬁl&@ﬁé@ﬁﬂéﬁhm&%aw Wlde

reduced. In an embadiment of the invention (nat shown) the nozzles 3 rel
Bathithg nozzles 3 and the blocking device 4 may be mova le along the stack 10

The nozzle 3 may also be rotatable, thus permitting the angle of the spraying of
liquid on to the stack 10 to vary during the separation process.

The function of the device 1 will now be described in greater detail. The
designation 12a is used for the outermost silicon wafer at one end of the stack 10.
The silicon wafer 12a is therefore the silicon wafer which has to be separated from
the stack 10.

The stack 10 is placed horizontally in the device 1. The stack is preferably
submerged in water. After the transport device 2 has been placed in the correct
position in front of the wafer 12a, the suction devices 110 are attached to the
surface of the silicon wafer 12a.
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10Separation of the wafers in this case is essentially accomplished by the
pushing movement. As mentioned earlier, in some embodiments of the

winugRiien# blocking device 4 is provided in the immediate viginity afothosss

stack 10 during the above moving operation, where the blocking device
prevents simultaneous movement of the 15adjacent silicon wafer or

Tgafers In thestack, d %ﬁ%%eﬂ?euﬁﬂ%ﬁ%‘%@Mﬁﬁ'?&ﬂ&?’é&ﬁb}%ﬁe&m@ﬁ/&&
uring the mo tion. In or r1t8 gn({mltfthe nex silic é}%ﬁ le
1%Yﬁ€?%‘f%r%‘éa£é9ﬁfﬁ¥e%ogﬁtw&Saarcnovemen of the Sta %pf{) IS undert
ViewAE aIe s port device 2, the nozzles 3 and the bIocklng device 4 by
means, of the ahove- ent oned trans dgwce or Itern aq
ﬁa%%lewce

TRl RO BT p e B bl
P@%@W&Wﬂﬁﬁ@ﬂ%‘il%&?ﬁﬁ?&f@? t}f%é?ﬁﬂ%fq?ﬁlé‘:%ove mentioned

epprtion pracess svebealed HUE 2/5A) 'tesvynfaonafaggwsa@em and
coualen bEAERTEAE L '”VW%%}# e e T

mfarcma@@mmhwa@mé @o?ﬁﬁ?%é?ﬁ%ﬁ@éﬁ%‘%ﬁ%&é%%ﬁample, of
aluminium and with areas 22 for tem e%‘ \?r%) ttachm ntﬁ)f the w I s 12.

I Re HRBRTSPAIY ConipHEEs 68l SRAnG rods BT ant
Seeediprebhaneindatbs %a%ﬁﬁ&ﬁ%b@@&cmwi@%ﬁﬁ] %ﬂ%ﬁ.a“ﬁ e

messekbi.Figure 3 illustrates a detail of the attachment areas 22 in the
wheel 20 and the 30 grooves where the said rods are to&%lo ated. The

AgaaerEompstieu ipeingE s FRR YrotRIs O B HOES HRR device 4 is
istiitdténaisuotorefirteorinke opdrimaeBd TheiBpdhimose BREHPE
seetinafonde dutindpicking dfdcwafer frissieistack it ey pushiny thece
Aysingremevalaithe walesiomabewdleehdr byisrambogitenidf diticon

Jdnvention the surfage. of the whaglh 2 is sylstantially flat and smooth, with

the 35result that the capillary forces are sufficient to hold a wafer on the
wheslenepethava thesuction frsferdaatestabQ0 to be separated, either a
AR08 R %%QE&T&E@%QQHQQQ‘&Q% ﬂ%‘@ﬂf@s‘kﬂﬂ%ﬁfﬁwlﬁ%ﬁ@@%ﬂw nozzles
gm%o%' i %hse@vs%' ggﬁé@é&{?%ﬁ&@a%%%gﬁﬁyﬁe%%ﬂ RiekicaNor

eseentat ew ee2 as a substantial cal Iti |
Zﬁﬁfﬁﬁg Yol - trafs 01 é{ Ogvéla%r%g%f?e Qﬁedi%\é&gng

ey %@ﬂﬁﬁ&’& ﬁ«%ﬁ AP GRS AR BOTERH i AR Y S

Bwerseli20eMtéemechanism comprises a contalner containing two rods 51

and 52 (illustrated in figure 5) for supportln stack Q%The rods arg ., ..
EigaFigecetd B& ThiSHetR i tHe Yrb SUEYM ySical contact
an@menvm@wﬁ@r%%%@}y%mﬁ%}a% W&H?B%F&iw fagBpwafer 122
invhibe they have somedapatorithctdgitrerompaet 2o wheel 20 made, for

example, of aluminiwm and with areas 22 for temporary attachment of the wafers
12. The wheel 20 also comprises grooves 21 for receiving rods 51 and 52 (see figure
5). The wheel 20 is partly submerged in water in a liquid-filled vessel 5.

Figure 3 illustrates a detail of the attachment areas 22 in the wheel 20 and the
grooves where the said rods are to be located. The areas comprise openings 31 and
orooves 30 whose purpose is o distribute a suction force on the openings 30. The
openings 31 exert a suction force during pick-up of a wafer from the stack and a
pushing force during removal of the wafer from the wheel. In this embodiment of
the invention the surface of the wheel 20 is substantially flat and smooth, with the
result that the capillary forces are sufficient to hold a wafer on the wheel even
though the suction force ceases.
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10The device further comprises a suction mechanism 41 with a suction
manifold located close to the rear of the wheel 20, creating a negative
wR'RGSHSH the water phase and a blowing mechanism 42. #a tings2e07/000453
embodiment of the invention the suctign and blowing mechanisms (41 and
42 respectlvely) have a fixed position and the device comprises coupling
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the device should be modified so that the wafers are held against the
wheel by means of suction until they are pushed off the wheel. Figure 5 is

whY \Q//d‘;%below of a part of the second embodiment. The @H{;ﬁ)zammimzﬁs
205@ ows the wheel 20, the suction mecfanism 41 and the blowing

mechanism 42. The flgure also shows rods 51 and 52 which hoId the
stack .10 fro eIo e rods 51 and 52 may be connecte nve
SSH‘EA%?%% SRR Gl VLRI SRS BT fo be
ifvendste ﬁaé%?éta]epﬁﬁ%%ﬁq% brdkt Ard Bﬁ%%m@.%alar%ﬁsmmwd to
EoeierssEen ahunpls fewiines afthenihpbrmidrohaybebden Bxplaneddnssing.
connection with individual embodiments, it is possible to provide other
CotiREToR SRHHSUT AP Ar T FOrEoHE St peeBP i fbehlRing rees are
phshiblestesiexiaplac wapitipipy wuetanhibaitoids sadplovifiy deviéestinn
thdlemfiboflimentftusthateahinl figufe dgsamnd iglalsepossibletoieniploying
SUEleN wupSHE dinansp et denigevasH|Ustates 3Ol L W 4hB - o ff
latten knner updenwatsle: J0:GhRAIMR L APeiied fRrsenaationol & ¢, is
%'JJE&Q1Y¥§‘°8§E[ %Q&Eg&gﬁ%%%&%%%% o walgrs, Gharacter] e%é‘ Alarg
r

e s el e S« v

Stat
a SpOI’ iIce 10 a Su

BRIV e St UrYariThacs AsStrtidlR RaricaI G A Gt reiiashpull-
wfeths seprarateerfivneihadtaer stk membl according to claim 1,
10characterised in that. it %omprlses movement upwards alon

SUBSARTRIN e HC AP Pdth A i <m ANy A rsarde athe &’%ﬁg%{ﬁw@fﬁaﬂ%
GeasegRRH oS, %Gmﬁéﬁ%%é%%aﬁ@@ foréhaiipceraaeterised in that it

ses y uid o f|UI on t the silicon wafer.in order to
B e B BT B TRRG BONRE & fageo
possible io carry out the process with the whee completely submerged. In this case

the device should be modified so that the wafers are held against the wheel by
means of suction until they are pushed off the wheel.

Figure 5 is a view from below of a part of the second embodiment. The figure
shows the wheel 20, the suction mechanism 41 and the blowing mechanism 42. The
figure also shows rods 51 and 52 which hold the stack 10 from below. The rods 51
and 52 may be connected to a conveyor belt (not shown) which transports the
wafers towards the wheel 40.

The invention therefore permits a simple, fast and careful singularization of the
wafers. Even though features of the invention have been explained in connection
with individual embodiments, it is possible to provide other combinations without
departing from the scope of the invention. It is possible, for example, to employ
suction manifolds and blowing devices in the embodiment illustrated in figure 1,
and it is also possible to employ suction cups in a transport device as illustrated in
figure 2 when the latter is not under water.
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15wafer attached to the transport device and the adjacent silicon wafer. 4.
A method according to claim 1, characterised in that it comprises
prevention of simultaneous movement qf the adjacent silicon wafer or
wafers in the stack by means of a blocking device. 5. A method according
to claim 1. 20characterised in that it has the following step after step b):

glL) éﬁgﬁgving the wafers from the transport device. 6. A method according
1, characterised in that the method comprises the following steps

?Tter Stgpnggfhco%? ﬂ?]? %%&%ﬁ%@%QW@(‘SQ%Q?@F%@%EQE%&%Q distancesilicon
cor;frespon ing to the 25thickness of the silicon wafer; d) repetition of steps
W—fﬁ)%( separation of the next silicon wafer from the stack. 7. A method
abeorelirists draiint HenarabedtiseaBy SRipIRFIEMETISREGT BRE method
apmpletebcbimantiy suirergediin-a diguic: filed sredsal. 0B omethogt silicon
aggerdingntoglaim 7, characterised in that the liquid is water, or water with

East_li_tiV%%f‘(/)irhrgje% E?Hctgr? \%@%?%Eya.%@@&ﬁlﬂéﬁ?f%é%@ :Qrder 10e silicon
cilitate the §’e§i§1r tion of the silicon wafer from the stack. 9.A method

RRGF YRS A5 h 703508 a¥d srised in that the liquid has a temperature
aof betw erﬁe]f -70C rg{{er}atbl%l?,O-GQC and even more preferred 50C. 11

od acebr o 1lal X
E)?rlzontal stack. of

10. A device for separa io of a sfﬁlcoh wafer fromda h o1 )
ST ATFS o bt SBY i AP KSR D HER KRB VR8I tARSpRye! Y vertical

getlice forbateachily tod suiiceatiths butirepatshica s Wit iathe

stack, where the movable transport Sdevice is arranged for movement of

the silicormgttef ica8dbdatamM Ydrtical plane until the silicon wafer is
stperetadsfironm thatstackmprises spraying a liquid or fluid on to the silicon wafer in
order to separate it, thereby counteracting the binding forces between the silicon
wafer attached to the transport device and the adjacent silicon wafer.

4. A method according to claim 1,
characterised in that it comprises prevention of simultaneous movement of the
adjacent silicon wafer or wafers in the stack by means of a blocking device.

5. A method according to claim 1,
characterised in that it has the following step after step b): c1) removing the wafers
from the transport device.

6. A method according to claim 1,

characterised in that the method comprises the following steps after step b): ¢2)
moving the stack towards the transport device a distance corresponding to the
thickness of the silicon wafer; d) repetition of steps a) ~ b) for separation of the next
silicon wafer from the stack.

7. A method according to claim 1,
characterised by implementation of the method completely or partly submerged in a
liguid-filled vessel.

8. A method according to claim 7,

characterised in that the liquid is water, or water with additives for reducing the
viscosity and/or surface tensions in order to facilitate the separation of the silicon
wafer from the stack.

9. A method according to claim 7,
characterised in that the liquid has a temperature of between 10-70°C, preferably
30-60°C and even more preferred 50°C.
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11. A device according to claim 10, characterised in that it comprises an
apparatus for moving the outermost wafer substantially along a vertical,
horizontal, slanting or curved path in the vertical 10plane. 12. A device
according to claim 10, characterised in tHat it comprises one or more

nozzles for spraying a liquid or fluid on to the silicon wafer in order to

sEparata itctherehy copmtetiaatingathaibindingfortembehweenthe siticbr{ silicon
wafes-attached to the transport device and the adjacent 15silicon wafer. A

devieg aeeerding fo,qaIm A0 sharagterised é&ﬁ@gﬁ& %%@@Q%%? Adlacking,
ice for E%VGHtIh#éSImU aneous move{nent (0]

dev , the underlying silicon
RS T SR SRR T, X 8RS S LB b 1614 o, able ransport
2bcHardétenaBach thatiersmprisesBevides for rdpigving whs andfally fromiical
théatransporthdevicarl Bafedeviepaatoidingitohelaint k0, characterised in

that it comprises means for moving the stack towards the transport device

al distantedeviresendimgaéctiventhickhess of the silicon wafer, thereby
25pesmitingdseparation @htiesnexh siipamwaferfraovihe slackhymeans fer
afihg JrARSROIISIRVICE AR A\ dBVice-aacarding o flaim, 10, ChATACIRLSR D a1

inltapnat the device comprises a liquid-filled vessel in which the stack is

c%mrﬁ'etely or partly submerged. 3017.A device according to claim 16,

chgractgrigggi ('gg g?:%t:'&?nllqw%liéif%ﬁait@r’ or water with additives for
reducin% the \'/jsc%sité/ and/or surface tensions in %)idzuéo facilitate the

SERARSHIOH O the S b S WAREP ORI IR SP9LK PPEAT PRIt agid or fhuid
oietBfthses PHte Rt Edim EEder IgseRarakéridBaRPInGe thETiflia he pinding
térmperatuvecof betvwderp L020C  aptefecdlily 36-6@Cspnd éveivenoré the adjacent
priefesred SO

13. A device according to claim 10,
characterised in that it comprises a blocking device for preventing simultaneous
movement of the underlying silicon wafer or wafers in the stack.

I4. A device according to claim 10,
characterised in that it comprises devices for removing the wafers from the transport
device.

15, A device according to claim 10,

characterised in that it comprises means for moving the stack towards the transport
device a distance corresponding to the thickness of the silicon wafer, thereby
permitting separation of the next silicon wafer from the stack by means of the
transport device.

16. A device according to claim 10,
characterised in that the device comprises a liquid-fitled vessel in which the stack is
completely or partly submerged.

17. A device according to claim 16,

characterised in that the liquid is water, or water with additives for reducing the
viscosity and/or surface tensions in order to facilitate the separation of the silicon
wafer from the stack.

18. A device according to one of the patent claims 16-17,
characterised in that the liquid has a temperature of between 10-70°C, preferably
30-60°C and even more preferred 50°C.



