Met hod for separating wafers froma stack of wafers
Technical field The present invention concerns
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i nvention concerns a nethod for Iseparating single
wafers froma stack of wafers with mnimal risk of

br the wafers hod usi ng Jn cf owaves for
hllslg’kib‘if?ﬁ %eﬂ%aBPgé’@ﬁF'éso‘tmga%ﬁéngﬂﬁl" %‘rf’q he invention
A wafer is a thin slice of sem conducting nateri al
used as the basis for devel opi ng m croel ectronics and
phptamatiiaisiddevi ces. The semi conducting material is

typically nono or rmulti-crystalline silicon, upon
whThpresertdoventiin coreachsphpdretioh béseckied ivafss.dvlere specifically, the
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R im A G Srgp R &?erEe§ ‘?PE%‘? PsifgdnicroY s for this

f apurposet isquesshteseni conduct or devi ces. Wafers are made
in various sizes ranging from1 inch (25.4 nmm to 11.8
inches (300 mm), and thicknesses of the order of 0.1
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has ty%|n al, nual Se t vva er
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i n_breakage, .or chipping of the ed es, which wo
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pr @06 mhm3,uatd tHivkagsses vé theuondemaiold "to dr. £ monn@emdrylly, they are cut
\?,an?!’ﬂy He, i %@ﬁd&%ﬁl TRNGREbN éhfuthP Ry stAlthy 'beéﬁ'of

er.s 4}10 A wand typicall'y consists of
st MR C&‘?{IPWFE‘F‘ APEYel for vacuum a broad t| p

and a vacuum actuator switch for connecting the s

t oA Hevelearingsbematersahen per %@@@dﬁpgq@ewﬂa %@frelayeryof water
pl etivaen tich WafeadlTd watdrs tild badkegdt togethize doend tle wifacheension of

Pl @83 at St ThACHREs # ASrANaT 86 separate the wafers for further processing.

Removing the wafers from the stack has typically been done manually because the
wafer material is brittle. Rough handling can easily result in breakage, or chipping
of the edges, which would render the wafer useless for further manufacture.

To prevent such damage, vacuum "wands" are commonly employed as a means for
manually lifting individual wafers from the stack. A wand typically consists of a
stem with an internal channel for vacuum, a broad tip, and a vacuum actuator switch
for connecting the stem to a vacuum source. An operator picks up a wafer by
placing the broad tip of the wand in the centre of the planar surface of the wafer,
thereby allowing the vacuum to cause the wafer to adhere to the wand.

Manually separating wafers has a number of drawbacks. The wafers in a stack have
a tendency to stick to one another, primarily due to surface tension effects. A wand

alone cannot overcome these effects, requiring the operator to slide the wafers apart
by pushing against their edges. This handling can damage the wafers. Furthermore,

the labour required is a significant processing cost and takes considerable time.
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t hereby allowi ng the vacuumto cause the wafer to
adhere to the wand. Manual | y separating wafers has a

wonaesIss dr awbacks. The wafers in a stack haR@T/m02007/000097

tendency to stick to one anotheZ, primarily due to
surface tension effects. A wand al one cannot overcone
ze effects, uirin .theoerﬁtor to

t he re lide the .
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While this nethod is faster than manual |y separati ng
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wafer to separate longitudinally fromthe adjacent, .

wek droughthe Gelufans PEISCHSY @lrar SHTE PetoBalsb Bifthofk evith reduced risk

olipedimaging wvafepdndhe s¢paeatival rosessnthey stidlcdkpase alkrs for potential

c%ﬁiagg_ sliding contact between the wafers. Another

objective is to separate the wafers w thout striking

t ' r i Ci . . ..
B AR A A8 UL 02 it misimal
aut kiR eeperihBeR fridamagaulig it fene byrsingfagigigwave stove for
wafreing dffwdfes mapaoatpantipn.ocess, they still expose

wafers for potential damage. The present invention
dedigrbwesesars aWortk iofietbchiomagapid ahdrpg, whéerededtdniagnetic waves are

miﬂitﬂ%}‘reé‘ﬁ&% fb%ﬁd%)éeq\ﬁhQQOt366@ﬁ$rPoq%rﬁgfecuir iaﬁdiff?ee ions in

done by usi n& a mcrowave st 0\{3 or drying o vYa (fer,s. )

prFeaptive maapAplarpgond to these fields by creating amolecular friction, which
results in heat generated throughout the mass of the material. The interest for
utilization of microwave energy for heating, sintering of ceramics and powdered
metals, drying, binder removal, glass melting and plasma generation, is steadily
increasing in the industry. '

Microwave drying may play an increasingly important role in attempts to achieve
shorter delivery times and reduce warehouse capacities.

Use of microwaves is gentle and time saving. In conventional drying, energy is
applied to the surface of the material by radiation and convection, and must
penetrate the inside in order to achieve uniform heating of the material. The thermal
conductivity and heat resistance of the material mainly determines the heating
process. Sensitive materials often will not allow high temperatures. If the material
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M crowaves are a form of el ectromagnetic energy, where
el ectronmagneti c waves are in the frequency band 300

WORH71659300 GHz. Pol ar nol ecul es and free i onsPECTINO2007/000097

receptive materials respond to Bhese fields by
creating a nol ecular friction, mhich results in heat

g ner at e thgﬁuqc_iﬁoué Ithe rra S &gg mat eri al . d bl
PaSt MG ALtz B oot ﬁ‘?sé?fb & BRBYGY® PB?VOI able.
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dryéfdactBidWRhah e pRMRIcts. 91 ass mel ting and pl asma
generatl on, is steadily increasi ng in the industry.
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conve on, and nust penetrate the i'nside in ord
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rrdfl‘é‘?r}t&n h?éﬁ?ﬁ.@r BeeRHA; REASEH G VE gglélggtlonal heating. The
Sdnsérttiveemethbdé is aiaseoﬁmdakabmm éffmmntallt ldemanigkess energy than known

L eRELA UhE st 1s|efas§' t@c&ﬁkﬂrthé‘laﬁ@rgy RESSLyt NEriBantaneous control of
conduct I'vi by ég ﬁienﬁl on f dBr ocess | s

UIFRGEY P, W heghag REReliRg APRBRRIES s,

therefore, are subject to strict limtations in the

manuf acture of many products. M crowave heating is
veSuminasy ofitle bpeytion regul ate. As soon as the

m crowave source is switched on, the waves i mmedi ately
pexebbrteot the phedut irvehtion %ﬁoqdovﬁiﬁdl ﬁlh’ﬁlog.(‘fﬁ? ]c@é;&irfmgﬁtacked
e tched of f, the
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advant ages over conventional heating. The inventive
meliteoldrst mettpalciavedigitechtbowmse of piverewmn chambgewharsthe gggporation is

erh@é@ﬁédtﬂﬂﬂfbaﬁﬁg\wltmﬁit&‘ﬂdﬁhea@ﬂ@ théansSTB@8dsulte sﬁ@\ﬂéd eat during
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I poigt ﬁzﬁﬁﬁlﬁfn pWésurﬁvTéﬁpg @rheAﬁng l@}eéléftntélp bptam of the stack
pkﬁ"&@[ﬂ:rs Qm@bﬂ@l@el gadienpinalit deack afdtihaited along time to transfer the

bre%ﬁﬁb% %ﬁd wafers with mnimal risk Of,

The second method investigated drying of wafers in a microwave stove, where
microwave heating was investigated as a possible method for heating of the wafer
stack.

The results of the two investigated methods and the dielectric constant of silicon
(Si) and water has shown that the second method is the preferred one. The second
method is both gentle and efficient for separating stacked wafers.

Consequently the invention claimed is a method for individually separating wafers
from a stack of wafers kept together by the surface tension of a fluid, where the
method comprises placing the stack of wafers in a microwave cabinet, and exposing
the wafers for microwaves with an intensity and time period causing the water
between the wafers to evaporate thereby releasing the force keeping the wafers
together.
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In order to arrive to the invention, the applicant has
i nvestigated two different nethods involving drying

wo b@78036k of wafers. The first method i nvestiBE/a02a01/00097

use of a vacuum chanber where tHe evaporation is
assisted by heating with internal heating nmeans. The

howe h
AL Bxo R e Bk o SR O FR e B Pisk 25488k prdtime period
at suffieiebty longyfosshawatar te Wepefiisee thepwatesuiean easélyrhe separated from

hegdchgh@! i ahBalBobt Mifofiatichidy, & ady Wingakebst.
gives a large gradient in the stack and it takes a

| ofige 1ivBRibRis dFieligh thdgp ng% abd &' ughinishe stack. The
second nmethod investigated drying of wafers in a

m crowave stove, where m crowave heating was
investigat ed as a possible nethod for heating of the

waPetailed degcriptian P§§‘Eﬁ pwyegtiophe two i nvesti gat ed

A ety el 5 Bl a7 S50 ip el BERT p ok of waters kept
priegetheely Hiresurfpge tensiemel adiuibwill sopdiendaseribedimfther detail.

efficient for separating stacked wafers. Consequently
t hEhd watems prsrub] estadkeie 4 dryangrprogess igelvinginvérausdves. The process

Se&ﬁﬁ}ﬁﬁge@ Plavi L1 skdckrdfawslepCih PmineHars cianét, bag @kp@sﬁng the
ﬁk»‘lv urf.ace tVeQS|§1n of ! SfI uid,.. v\,hererlo régusrfe \t[Alb uid,
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c arfraebly avaicehgiosemthe Walenafoevappate-i cr onaves with

an intensity and tine period causing the water between
t HEhenedbanet can bewegtardard cetisetebpedrie npamivrayetdvens dorcdocking

k e&@é’cﬁﬁn&@ﬁ:ﬂ%a&%§ ohiRgRd @pﬂhe/éfabﬁl@t BXPAst fw%ﬂs?ﬁe #dd@sion safety. The
nergy an I me

pecr \P’Iabrbe?&ﬁ‘yfei’lgj\eéﬁ? Iciplsf%r?ﬁ p%tiy ?lﬂ%e oo ; er to Vﬁpor |hse
hlgtﬂe]? ?ﬁﬁ‘iﬁg ]%Iegﬁttgﬁﬁgf g%ﬁr elécérg{)nlg%as&g]in%tﬁr ure control means

r dbadditidreto; smamluatd uncnosvadefownmmaanSt he appended set of
clainms. Detail ed description of the invention The
i nif el cabenetas binded,ahe icabdinet chmaddnypriepacatmnmmyabheass for applying

f r%hﬂmsﬁl%gerqg deﬁ tﬂ@&%@ﬁ%‘b@&f d?ﬂerttg&lﬁglﬁés%% also be used,

Sl on I ]g
d Y aﬁFﬁé‘%ﬁ’fre a%\? rsrﬁﬁio&‘%ge‘&ols urﬁ P&?‘}h‘cﬁﬁ ip g iagess is
i nueferibly indludel. ddnes. espeaally ovpsgamafiprclased cpbiaet isgased.
the stack of wafers in a mcrowave cabinet, and
exXPossing of the cabinet will depend on the scale of the batch process, i.e. number of

wafers to be treated at one time.

The appended figure shows a schematic view of a batch process for drying stacked
wafers.

For batch processing, the system comprises a conveyor belt. The conveyor belt will
move the stack of wafers through the micro wave oven with a speed that is adjusted
to the size and number of wafers to be treated, i.e. exposing the wafers for an
energy and time period sufficiently long for the water to vaporise.

Microwaves can be combined with hot air and/or other techniques for speeding up
the drying process.

In the following, a preferred method for separating wafers from a stack of wafers is
described.
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wafers for mcrowaves with an intensity and tine
period causing the fluid, preferably water between the

worienesosd evaporate. The cabi net can be a st aPdENG2007/000097

cabi net used in mcrowave ovens3for bl ocking
eI ectromagneti c waves outsi de of the cabinet in order

B SRR BochtSy BRI ranspen
hneatelabh het mfatﬂrlah that doepnotguek up ifpreelgciaomageatiorio¢ld, and is

W@g]ﬁahﬁoqﬁghtté th&@r& andard m crowave oven neans. |f
the cabi net cl osed, the cabinet can conprise vacuum

t Ha dﬁﬁ%ﬁé@ a§é)%la@&f’bl¥ hQQnV@ﬁ)lr' Wﬁt'tﬁaﬁkﬂ?foaﬁ@l@%%}s Yo the
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prtiosugkdhé mittoevprescassop §01moaieehmblas}nd|thm cetgthueThe s

' 5tra%§]§’@&ét%ﬂ Whﬁs%rﬁeaﬁ{ authm@tl ﬁ%@&s%@éd‘@ﬁ tﬂeswblﬁgﬁ@of the stacks
EV%ZZ %: ﬁe 1et0 wi || depend on the scal e of
t 1 rérFXBP% Qe MIGTe WaYiSer of wafers to be treated

[ The appended fiqure shows sche
o TR SO DA SRGRagan f Y+ A St bR Rl e stacks
batayhbepiroz bediamgal drhergya tpesitionypnd tesmicre oraveywabinet can hold one

be) kev HEstSORVAYRY sd28d tim@i | | nove the stack of wafers

- through the mcro wave oven with a speed that is

adf}hlésﬁg éqrﬁureaqoﬁ the &ﬁj&%}’@ ergﬁ?rgffo?reé eﬁ&a@@n i. e the energy

E rrf?@lg‘éfr ﬁoo’ttpag[}?ef\ﬁgﬁzlgsg tg)e PERFGSS ‘Eﬁmﬂeﬁ%tu{‘i\‘?af’]élﬁ %F%ly losses to the

vapooisdingdl crowaves can be conbined with hot air.
and/ or other techniques for speeding up the drying
priecéssiming thdgowel lequired foranjerekeve égimgtthodilt of thumb is that a

S GRAF AL &35 EWOR Bq &P‘&) &fa ft@ﬁ( 'o°f water er hour. This rule
re st VAT ers aPe &5

descy.1 be | ace

bR EESanioa8 ALY ueTeds Pt é‘lﬁ%ﬁ%ﬂf Ufaterial, i e.

mat eri al that does not pick up the electronagnet c

f ilaihgs beerishoyvn taf an aspembdy Rf S PO sligpashices. égntamyag a total of
baskahms afeviitraefined lasscihan @ ganinoedsttotelraporatd with aahpplied

t h{'?teﬂ@ na)‘if)ﬁl]kﬁit @rhm?ﬁu%&fegm\f% Iﬁ&%\ng& @hs?% gmv 5ut8hlt has the

nt 1 nuou rou
t 5aPFAIHT f Ringsmops;t {1 lqgoq wetsiligemwates hour,7.e.
c appraximatefie 500 kg/day in continuous operation.

In order to achieve an efficient batch process that can keep up with the production
speed of wafers several parameters must be combined. Power, time and water
volume must be combined in order to achieve a gentle and fast drying process. The
time is given by the speed of the conveyor belt and the length of the tunnel formed
by the cabinet. The power can be in the range from 0,1kW to 100kW.

The invention has been described by a preferred example with reference to the
figure. However, a skilled person in the art will realize that several variations and
alternatives exist within the scope of the invention, as set forth in the appended set
of claims.

The main principle of the invention is the described method involving use of micro
waves for drying a stack of wafers. After the drying process the stack of wafers can
be separated either manually or automatically.
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few, or several hundred wafers.6The stacks may be in a
hori zont al or vertical position, and the mcro wave

et ca one or sever acks
C e 590 e Plafe Blp<EE arobobeives witt faF heifigbose of
en;epgytlgn, Q;ﬂppp@m%d@ onoutside ofit c@’amtg\yhepreqh@ dedng process is taking
heaticet he wafers to the process tenperature plus heat
| 0sses to the surroundings. To determ ne the power

' qgﬁh ﬁﬂmfééi{c Efa%‘g’tﬁvogttﬂé waﬁgs id @gagg gecef !w{m drSing cabinet
e Agisra? SEoTRE: D ik ans i o Se e drunding ph tisssizg of the

| gabin@é initially there is sufficient noisture. In has
been shown that an assenbly of. 300 silicon slices,
cdntcaseohg smatl @abineowithIogmafios j ot onatserckwiflwafesed altass, the
t t j

hﬁ?%ﬁ)]ﬁ%&g cﬁﬁ lb%%{c ggBt @ed"HI :Pnet(f:i? \%ﬁ@ggb%ﬂg@%ﬁ@%ﬁlﬁet perform
Ilé 6?1%3}5%?110%% the capacity of dryl ng m)re t han 20 kg
of wet silicon wafers within_ 1 hou
aﬂproeslﬁ.%@ug&emr%@%alycqmﬁr%léﬁ@%a% ff&p?@@lswg:ﬁncrpﬁ’vaves can be
ongerutlotiat bhevad afi tlef fthicki @iwafead BHradtebsnd batseqamtly dried

keo%@oﬂéeh%{ﬂ%rtm le&ﬂéiggﬂi m%‘ g sq,fan%flgfn% 8¥nthe dried part
Tl

Vet Eﬂésﬁ%@t%@ %«Hﬁ %bgér*r%eaegg ahegéhﬁffqt@naﬂy

arudnfraﬁbd drigrongayprso dhsstechifigud vnlk speedgipveie dyyingtemd separation
spgeckef the conveyor belt and the |ength of the
tunnel forned by the cabinet. The power can be in the

r EIHQ:ES{)B %&géﬂ‘é@fbﬁl&é %qugr\ﬁ){r%ég-rﬁ%iré ﬁl\éﬁq}n' 't%c@abcf W, the wafers

descrl re ce to.t

f iGtEe %ewebe.eP Cap B Ao SMEGRIGTR WqYé’SanqG\PISFaCk being moved
r géalthe ethichatd s€ther @bineacambe basdladdyabbetr meinsvwepamkingtwafers
widhhond bec.seeharqt the invention, as set forth in the

appended set of claims. The main principle of the

| ¥ 8R4hOBHeS Pﬁl'i‘&g{ées%ﬁaﬂa%ﬂ iR ﬁﬁ? p!lzﬂ% Yu¥didd ?’fjﬁf% (ﬁ&mg cabinet, a

drr9r %@c‘@me@g the, étaglf aéwa?ﬁr aﬁeebegn% é}ﬁleaé‘néé’ﬁ’élﬂdf gger to the

eilbbetionnwheral seyarationid wneke phakcky. I n t he case of an
automati c process, a robot can be used for the purpose
0fThe present invention is not restricted to silicon wafers, but can be use on all kinds

of wafers. The method can further be used on all kinds of disks held together by
surface tension, i.e. a fluid.
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separation, either inside or outside of the cabinet
where the drying process is taking place. If an

W@ao/re958€ separation of the wafers is to takeP@i/a0e007/000097

inside the drying cabinet there7are different

preferred nmethods for doing this depending on the size

of the cabinet. In case of a small cabinet with room

for just one stack of wafers at a time, the drying
priiceldS can be stopped followed by letting a robot

i nside the cabinet performthe separation. In one

enborli nemetibid foe thdinRluallp R paphtigg wafdre fivas afstick of wafers kept

T &1 SRdGNG W8 (PO nBion 115 AUET whER! a8 M6 RRE 1"

the sta I'Tra onsequen
dried 6&¥®F@ ottfel bEREY D f this method is used mafers
can be -péaodvethef stavk éfhwafdrd mch microwake chiginst, a0l expbsih@the

the ot her, Ig%f 1ﬂ1§ro%‘v?98fﬁmaﬁqn@ﬁsﬁ? and _ﬁi?li Sﬁg}?c%causmg the fluid

di rectionally. contro Cro waves.

Wil | sﬁé@&ee&ﬁ £ Weafers P FyaRfatesepar at i on process. I n

case of a larger cabinet for drying nore than one

stack of wafers, the wafers entering the cabinet can

be i2.r adimetied adcbRling ¢s claivaves h aa ke ear 5t adk irbthanthe fluid is
nmoved tqQ.ihe other end of the cabinet can be handl ed

by robot neans separating wafers fromthe stack of

wafers. If on the other hand the separation is to take
place out si de of the drying cabinet, a robot can pick

up the Asmgtiodotceneding o glpiad, pdi ?h@aﬁrtleeﬁl and Bt theythewafers are
over t @ilidoa wafeat i on where separation is to take

pl ace. The present invention is not restricted to

si.licon wafers, but can be use on all kinds of wafers.

The t,hod . .can fur e of i_sks .
ol it oReHE sy Oiling S SRS o Rlog SLIEE P lp o igmicrowave
A net h@élblﬁlé?hasrﬂimﬁﬁlaﬁlq Rres@pr at i ng waf er s f rom a

stack of wafers kept together by the surface tension
of a fluid, where the method isc har acteri z

e d sna meﬁic@cad&@rdlﬁg t@ blaﬁh 10t hvef 863 J 1 Ae @ &f MABRUR microwave
cabi net npl XPOsi Ng eD
cabinetr’is 4 vacuu cham er.

6. A method accordingto claim I,characterized in thatthe intensity of
the microwaves and the exposure time is adjusted such that the amount of
water between the wafers has evaporated.

7. A method according to claim I, characterized in thatthe microwaves
are directionally controlled such that one part of a stack will dry before the
other, thus enabling separation on wafers from the dry part while the wet part
is drying.

8. Cabinet used in a method for individually separating wafers from a stack of
wafers kept together by the surface tension of a fluid, where the cabinet is
characterized incomprising directional controlled microwave means
for exposing the wafers for microwaves, and temperature control means for
adjusting power and time exposure to the microwaves such that the stack of
wafers pass through a controlled drying process.



wafers for mcrowaves with an intensity and tine
period causing the fluid between the wafers to

weraposase. 2. A nethod according to claim 1, BCTYN@2607800097
cterizedinthat the fluBd is water. 3. A
nmet hod according to clain11, c har a c t e rized
in t he waf er.s J e silicon wafers A et hod ..
acco dl%%”i’% agrgiding ‘i:la]ﬂl g H& T2 ¢ ' 8 i % g in fﬁfrt;ﬁﬁr COMPIISINg
t hat th@CﬁWBEEMEN@w@@bInet has at nospheric pressure.
5. A nethod according toclaiml, char acter.
z edinthat the mcrowave cabinet is a vacuum

champg! rCab@net%cE@HtHgdtoa&&% di og 0 Ek @'rmzle d CinhFuBthbr orfiprising
t er | t Nat lerneény of ‘the m crowaves

and théoé%ﬁBQHPSbfﬁﬁﬁu?%n EYUEEEF - such that the anount
of water between the wafers has evaporated. 7. A

nmet hod according to claiml, char acteri zed
in that the mcrowaves are directionally controlled
such that one part of a stack will dry before the

ot her, thus enabling separation on wafers fromthe dry
part while the wet part is drying. 8. Cabinet used in
a nmethod for individually separating wafers froma
stack of wafers kept together by the surface tension
of a fluid, where the cabinet isc har acteri z
e d in conprising directional controlled mcrowave
means for exposing the wafers for m crowaves, and
tenperature control nmeans for adjusting power and tine
exposure to the m crowaves such that the stack of

waf ers pass through a controlled drying process. 9.

Cabi net according toclaim8 char acteri ze
d in further conprising vacuum punp neans. 10. Cabi net
according toclaim8 char acteri zedin
further conprising robot nmeans for separating dry

waf ers.



