Device and nethod for buffer-storing a multiplicity of wafer- type
wor kpi eces Subject matter of the invention 5 The present invention rel ates
to a device and a nmethod for buffer-storing a nmultiplicity of wafer-type
wor kpi eces vertically one above anot hef and i ndi vidually w thout the
wor kpi eces touchi ng one another. The device conprises a frane, Wat | east
two transport elenents which circulate in a vertical direction and which
are provided, at uniformintervals, with a nultiplicity of bearing areas
for the horizontal nounting of workpieces, a | oading position and a

stationary Jenpyal, deydha F8xFbhSfeideoUahg OHSmDIARELE tf Nofmadared-1 ndust ry

require semfinrshed products in the formof very precisely processed
waf er -t ype workpi eces. These ar etYBROMEKBRABFRS annul ar wafers conposed of
20 glass or alum num as substrates for the production of magnetic nass

storage devices (hard disks% for caonputers, optical glasses, highly |evel
ref er ence SEhPPaE TS 8pt FRaI 088s (so-called "Flats"),

mul ti ceystal line sem conductor wafers for the production of photovoltaic
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nicrpelecR%Q@§§Q§f§Q§ﬁa%@o§§nlﬁ@ﬂQHp%96 wad £F S ae ypLodused 4oy neans_of a
mul tiplicity of successive process steps thaé can generally be classified
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nechan|cahﬁE%%%ggglgg% wh%ch are provided, at uniform intervals, with a
multiplicity of bearing areas for the horizontal mounting of

workpieces, a loading position and a stationary removal device.
15 Prior art

Various products in modern industry require semifinished
products in the form of very precisely processed wafer-type
workpieces. These are, for example, annular wafers composed of

20 glass or aluminum as substrates for the production of magnetic
mess storage devices (hard disks} for computers, optical
glasses, highly level reference surfaces for optical purposas
(so-called "Flats"), multicrystalline semiconductor wafers for
the preoduction of photoveltaic cells, etc. Particularly

25 stringent requirements are made of monocrystaliine
semiconductor wafers as starting material for functional
components appertaining to electronics, microelectronics and

microelectromechanics.

30 Semiconductor wafers are produced by means of a multiplicity of
successive process steps that can generally be classified into
the following groups:

(a) production of a usually monocrystalline semiconductor rod;
(b} slicing of the rod into individual wafers;

33 (c) mechanical processing;



(d) chem cal processing; (e) chenonechani cal processing; (f) if appropriate
addi tional production of |ayer structures. 5 What are advantageous and
therefore frequently used in the production of sem conductor wafers are
particularly those processes fronlgrouﬁs (b) to (f) in which a plurality of
sem conductor wafers are processed sinultaneously in one device. This form
of processing is called group processing or a Whatch process. Batch
processes fromgroup (b) include, for exanple, nmulti-wire slicing (M\§),
fromgroup (c) lapping or grinding with planetary kinematics, from group

(d) etchi or en-cal eaning in a bath, and fromgroup (e) double-sided
pol i shi ngngsﬁslg%lsélgnlg%gﬂg%ca s(%l, for exanple. 15 What is common to all the
bat ch prodessesemwrtdhgnéda+ sCEMRSS®T/t he end of a processing cycle, a

plurality (f %Ogﬁéﬁgﬂiﬁeéﬁ sonduci-on wahens: afe c@btaiysedssiuathi-aneousl y or
within a short tine for further processing. Therefore, in contrast to 20
si ngl e-wafer or continuous processing nethods, batch processes are

di sti ngui shed byeazdemarably aohunidrermranaferquintfliyowse®riortheo furt her

processing, it is necessar n sen] uct,QL . ywafers,d n order to
remove th%ﬁogﬁﬁ%ﬁ%n agent ééoa lﬁ(’géro:elﬁgwatfggfhg%, m conqluc%%\;lf;1 wafers after MAB
or | appi ngrprecessi fiprowrohes pohi st ng ' agentsdher Pdgratter TSP or the

gri ndi ng %kﬂﬁr¥ﬁéﬂg§ﬁiQ%f@ggeﬁzé”ﬁﬂBﬁeQQeQrQQ&%EEéH&OﬁBQ?fEﬁaﬂky, t he
cleaning is efc ected directly after the preceding | a%pl ng, %I‘.I ndi_ng_or

pol i shi ng dsvdcessTieE @™ BhGEECTTHE "ot contttt & 36 RaFeF s di%e %5t wet,
si nce {apRiNGrOL POt ShichRg cAgeRbcfsegr ifrdinng-slwr iy, iontedét has dried in,

art i sl GUREERE Tt B ety B 6 SahTRy. mot Fodb 36 Whl char 8 1 "each case
tail ored tgrirdentypeciofoleortany natigmtics, from group (d) etching or
chemical cleaning in a bath, and from group (&) double-sided
polishing (PDSP) using silica sol, for example.
13
What is common to all the batch processes mentioned is that, at
the end of a processing cycle, a plurality of processed
semiconductor wafers are obtained simultaneocusly or within a
short time for further processing. Therefore, in contrast to
20 single-wafer or continuous processing methods, batch processes

are distinguished by a temporally nonuniform material flow.

Prior to further processing, it is necessary to clean the
semiconductor wafers in order to remove the lapping agent

25 adhering to the semiconductor wafers after MW3 or lapping
processing or the polishing agent adhering after DSP or the
grinding slurry adhering after grinding processing. Preferably,
the cleaning is effected directly after the preceding lapping,
grinding or polishing processing, as long as the semiconductor

30 wafers are still wet, since lapping or polishing agent or
grinding slurry, once it has dried in, adheres very strongly to

the surface or sven damages the latter.

The prior art discloses a multiplicity of cleaning methods

35  which are in each case tailored to the type of contamination



3 present and the degree of cleanness to be achieved. These nethods are
subdi vi ded into batch cleaning nethods, in which a plurality of

sem conductor wafers are cleaned simnmultaneously in one cleaning device, and
si ngl e-waf er cl eaning methods, in 5 which the semi conductor wafers are

cl eaned individually and successively, either cyclically sequentially or
continuously in continuous cleaning nethods. US6423149BA descri bes, for
exanpl e, a cleaning device, conprising a plurality of pairs of nutually
opposite cylindrical sponges which rotate about their |ongitudinal axes and

bet ween whi ch_sem condyctar, wafers. are Led through.iadiyi dualdy
succeSS|ngy I'n"a coﬁtlnqoas passage novenent by neans of conveyor belts
and, by neanscop sontaddizhded elnitd vetth ABYENEIR "6FRsPdngE* atidch 2

sem conductor..yaf er . swdacesambidy respeet .to onerarothenl anddheysupply of
a cleaning liquid, both sides of the sem conductor, wafers are .cl eaned

si mul t aneGBs! FLEarHYT clafdrer 1S ahi Wy STeehsl w1 CEnEFntdlYy pissage). 20
C eani Bg netbhadsnefsdicenbypechaves qursoved tbedrae ipanti cud Bt yarki gh

performance. However, these nethods -al er at.e, Wt ' [
continuoufuﬁaggﬁbge{ﬁ'iﬁ%§§§FdU¥§E%§ﬁ%3 3%%%%%%ﬁaéﬁa eP§,Qg§%%¢9é§§3 surface
of each sewrnconduct orlasafies fiethddy. 25 cl eaning has to be swept over
conpletely by a cleaning tool. This is not possible in batch cleaning

met hods. Consequently, in many cases there is the problemthat

seni condudtSer 2waf 8RS GHIEILREE | FODUICHEY caf & eF - $T0CEsSFHY"Fn a 30 batch

procesg have t-9shgysepanated-angs fed fonrcheamng syeeesstvely cyclically
or with continuous passage. ,FUI’% ertrg)r g, 7%0{hr.erasi%rrlls.9f {ec&)ln%gge%
vi abi | i ty,“HHRELERH éﬁ??gﬁﬁewPﬁ%?, XA et e HORSE AP T A1 oR "Oper at or
who 35 unl:pad®etheesermiconduot osnavafers vafter processithgobyha batch 4
process and, f.eeds.§ pem manual Ly, f of, SURSLQUEDL, £1,eANA0 AdaBks s
unl oadi ng ‘pace to cl'eani ng throughput, since this’leads to waiting
times, inareasedioothayyon Peperatithg persenfert FEdEcEd 2Rat 913 hr oughput
and qual i ty,J.osses, s Qalidey a@S$88i conductor wafer surfaces with
respect to one another and the supply of a cleaning liquid,
both sides of the semiconductor wafers are cleaned
simultaneously {single-wafer cleaning method with continuous
passage) .
26
Cleaning methods of this type have proved to have particularly
high performance. However, these methods always operate with
cyclic or continuous passage of individual semlconductor
wafers, since each surface of each semiconductor wafer fed for
25 cleaning has to be swept over completely by & cleaning tocl.

This is not peossible in batch cleaning methods.

Consequently, in many cases there is the problem that
semiconductor wafers obtained in bunches after processing in a
30 batch process have to be separated and fed for cleaning

successively cyclically or with continuous passage.

Furthermore, for reasons of economic viability, it is
undesirable that, for example, the installation cperator who

35 unloads the semiconductor wafers after processing by a batch



5 can arise in the case of DSP, for exanple, if polishing agent adhering to
the surface of the sem conductor wafer dries on there. In addition, it is
necessary in nmany cases for the 10 senm conductor wafers to be fed for
cleaning in direct proximty to the reffoval from the batch process, in
order to avoid a change in the properties of the sem conductor wafer, for
exanple as a result of oxidation or incipient etching caused by residues of
a chemcally active processing liquid of the batch 15 process that have
remai ned on the sem conductor wafer, and in order, in the case of nanual

transport, foL . exampl&.e L0 LOCTeass 1hle :er gonuE cenand: wor i salabysand in
order to ﬁlnlnlze the risk of danage to the sem conductor wafer _.as .a result

of carel eddshandPitigio tReer okt JIREELBRAaRYE B PEFonE 1208 anith & €47 °8i des of
the sem condyst ornaf@l-as i acFesdlld -of 16N it entdenaher peasdransl,or the risk
of interchange of the order of the s%%icon uctor vafers r ﬂpvg%sg%9n1the
bat ch pr oc&88°8H W?ﬁ?%¥%ﬂ§%€??g?%ﬂqla 5B Aty v O i s~ of ten deésirabl e for
each bat chapr agessing weviceest of b rassiegnedamxact Iif onéiehwaniavgrdevi ce,
for exanple.in.order .to avoi 1 X4 u L, conduct Qr f rgm di f f er ent
bat ch proéﬁ@??ﬁﬁgd%%ﬁggé,ugggcggé!ﬁﬁg %Fggg%%g de&%%@f%% %%ﬁgifgito be
enbodi ed ithegevery conpact and space-saving fashion, 30 in order that it
can be retrofitted to an existing batch processing device, for exanple,

wi thout having to interrupt the batch processing oper a ion for a long tine
or even hé@iﬁgdﬁél%%ahﬁélﬁhéeﬂ?§ﬁﬁ§iPPOW58¥ tHe bat"ch “pFocessi ng device. 5
The prigor @kt cdhachoses devikces whitdn cam piekniup annuktipt i gidyimgfy

waf er -t ype wor kpi eces j ndi vi dual | uccessiyely or. similtaneous|y and

rel ease tﬁ%ﬁFé@aFﬁmOW%gggogegﬁ%é§¥§§EFﬁ@%ré%étgﬁiéﬁ?érbukfer stores",

"buf fers" wmanpheihi kies Fopestseni chndictsenivafdrs;cn wesert ehporary storage

or stacki ”eg%a%g‘iiecﬁ fﬁes%ﬁgi gnat ed; as jwaher,st0cker $tcn3R2006:H32528A
descri bes, 'for exanple, a device conprising four pairs of continuous
(cl osed) cieaidsesof whi BrErthe Lt Wor eHdin$ PREDL AR Paftr “ar B ¢ otitéct ed to

one angt hel. by sprpeketsse TwRathistorChaien spat Esnare dredabyr reans iof two
respective deflection roller pairs jn the fo n1§f a cIoigd %Qner ring. The
f

two remai MAR§Tehalntpai 7% re TRt by WEAnE ot 1ol Féspecti ve defl ection
rol | er paiisr-aseaehe casgrooneentnd caldly swifehy 18n¢ eéspectistotone of the

first tvo ghain paiLs (1Oner LLNGSd 10 Al LGS elosedaout er, rd ng around
the first CHAIMN parrs, 'such tﬁa “two pairs of Inner and outer chain pairs
are respectdsuglty ofppost tesonerahdtherchd wiski s chisercaprsehet cheitis in the
first half, of each.ghain, pail Lunibdhausommactirss planelandst he
unintentional rotation, or the risk of interchange of the order
of the semiconductor wafers removed from the batch process on

the transport path.

23 Finally, it is often desirable for each batch processing device
to be assigned exactly one cleaning device, for example in
order to avoid mixing up semiconductor wafers from different
batch processing devices, and for the cleaning device to be
able to be embodied in a very compact and space-saving fashion,

30 in order that it can be retrofitted to an existing batch
processing device, for example, without having to interrupt the
batch processing operation for a long time or even having to

change the disposition of the batch processing device.



20 chains in the other half of each chain pair run in a second plane, which
is arranged parallel to the first plane. Furthernore, all the sprockets of
all the chain pairs also run parallel to one another. 25 Planar workpi eces,
for exanple glass plates for Flat-PaneP- Displays, can be placed onto the
sprockets, such that each workpiece is supported by four sprockets. As a
result of the synchronous driving of all the deflection rollers, the
sprocket network can be adjusted in height, such that a nultiplicity of 30
wor kpi eces can be stacked one above another w thout touching one another.
n this cage Lhe varkpieges &l eadobn.fsdorizopuak position by transport
rollers to"a Yoa ing position and, as a result of synchronous drivjng of

al | the deflletplonitroldfersicareisr #eGHPLIEALD CEHIAEEAWM Y PHHESSpr beket s

situated 35 below the workphgce andakgesonyeyed Tupwar debyconerdi stance 6
bet ween sprockets by the Iatter.wjhg ngg%g¥grkpiquﬁga? the%,be fed as
CoT W &

descri bed SE61FRE- ST qGENE 28 pTigtiEt s, TS tH CRE restlt That finally a

stack af alkhitheqawwrdpiecesst httsssupphibedaay i ses.agenboadingiitrakes pl ace

anal ogously to | oading h ans. 5 .of e iaeces being progressively
noved dowﬁefbc?ﬁeﬁiﬁﬂééiﬁ Ag posi igﬁf%ahfgﬁégﬁhfdentical to the I oading

position, and the workpiece being transported out of the device by neans of

transport Jp%b%%w did%gcilﬂgeé',m&%d!eQQmEEQ,C%djévacteh@prﬁ@midzigr getibon and
at opposite ‘sides of the two concentric chain VVrJngtgalr arrangenents. On

account ofrathe ebnstiriicticss Ofle b FPrR&PSst oF & FrOmt382616-- 28A, the
Workpiﬁceeh%krggyﬁegkéfHdhﬂéh@e@h&@kaﬁ%hohﬁei*ﬁwfdpr@bkbﬂsbeﬁmenﬁved agai n
(

fromsaid stac “last_in first out” 15 princi . LI EO: : t he order
in which tHERoPRPT ES a€ éﬁp?ﬁ?%ﬁiQmJﬁgﬁgL?%é%ﬁ%ﬁf% gg;%%%$§%h duri ng

unl oadi ng.rdvheeoyetys am yhexdothyoDre cdoskpi ecesrcarine éneherc | oaded or

unl oaded respectively at a.pai [ [ Ther gf of €, i-LshS-hpE POSSi bl e, in
particulaﬁ? aéan%kC%%uép%lggaF%?yﬂ% k%iﬁ?conductor%Méfg?sCZOEVAthin a

short ti neldfilentacprecedimeabasch priote SSSAgCpP oREds cahdYt 6 % nul t aneousl y
renove, & hem again. ,ndiyviguaklLy rsuecessi vekyni patide winth thessulisequent
cleaning and’in the order of inclusion Lntkheﬁsggg%ﬂglalrggrén fikst out”
principle,L%ﬁeFEFﬁ pkosed outer ring around e flr P , c

that two pairs of inner and outer chain pairs are respectively

opposite one another. In this case, all the chains in the first

half of each chain pair run in a common first plane and the

20  chains in the other half of each chain pair run in a second
plane, which is arranged parallel to the first plane.
Furthermore, all the sprockets of all the chain pairs also run

parallel to one another.

25  Planar workpieces, for example glass plates for Flat-Panel-
Displays, can be placed onto the sprockets, such that each
workpiece is supported by four sprockets. As a result of the
synchronous driving of all the deflecticn rellers, the sprocket
network can be adjusted in height, such that a multiplicity of

36 workpieces can be stacked one above another without touching
one another. In this case, the workpieces are led in a
horizontal position by transport rollers to a loading position
and, as a result of synchroncus driving of all the deflection
rollers, are brought into contact with the sprockets situated

35 below the workpiece and are conveyed upward by one distance



Mor eover, the buffer store described in 1122006- 032528A al so does not
permt fast direct |oading by hand, for exanple by an installation operator
who renoves the sem conductor wafers after the end of the preceding batch
processing process 30 rapidly, successively and in a manner maintaining the
order fromthe processing device, since |oading takes place by neans of the
transport rollers through between the sprockets. This novenent can take

pl ace only conparatively slowy since the sem conductor wafer has to be
noved for this purpose by a 35 distance corresponding at least to its

dianeter, and.f oL Ihstel ore constityut es.d he.speedydel er nidh] ngestep. The
wor kpi eces woGrd Hdditi ona y have to be placed onto the nDV|ng t ransport
rol l ers, wkichswirdatibsevipably T8O UNIES TEDIe FFF ot i'Drf hétReen

transport .ol }ers,and wankpi 8c:ad: Mar govefre the khateeal cequiupeaeat of
such a sinply be attached go‘seniconductié mafer%, | oadi n ne%%%§gtates an
addi ti onalf*épate WEAIACE 9a52K5F dSE BPEMATRIF it “Canhdt the pr668ssi ng
devi ce st hatr supphdeS e sobelhg gannotseasely deradetivehi te ethd f  necessary
W thout in general having to shift. a e the cessidigdeyice. In
many cases it? %n%JgﬁﬂgﬁnﬁreV§ ?lfﬁbgggﬁgﬁéé?ggéﬁ%%tl?%g_ﬁ?%%esging devi ce,
since, inamdeha warufi@ceubkagy setprereessdi algereral é@ﬁ&ﬁ?iﬁﬂ FeEfy of
different processing. dewices. aredist ablied, ala S lbrdistanges i aamene
efine

another or in pre bui I ding grids, the arrangenment of which can no
| onger be ddirangien siilss éfuERPPSL W tHGEE af st bi'ty TRECBATTT &5rdcessi ng
sequenge i rhhest pngrtBrgaehtehangi ng it permanently. 20 Probl em
Consequently, the invention addressed the problem of specifying a device
and a nethod which nake it possible, after batch processing has taken

pl ace, to dukferust ore mamabbbpticiton of 26e senionducter Zyif el Ci0A—t he
true order, andgin g, sRace:savlng, manner. and, Lo feed themaetualdy during
t he feedi ng of sénmiconductor wafers to the %uffer store or _directly after
the feedi ngimf thebt astnayeni egaductor wafer stackubséglient St et

15 principle, LIFO). Thus, the order in which the workpleces are
supplied during loading is reversed during unleoading. Moreover,
only exactly one workpiece can be either loaded or unloaded
respéctively at a point in time. Therefere, 1t i1s not possible,
in particular, to pick up a plurality of semiconductor wafers

26  within a short time from a preceding batch processing process
and to simultaneously remove them again individually
successively in time with the subsequent cleaning and in the
order of inclusion in the stack ("first in first out”

principle, FIFO).

Moreover, the buffer store described in JP2006-032528A also
does not permit fast direct loading by hand, for example by an
installation cperator who removes the semiconductor wafers
after the end of the preceding batch processing process

30 rapidly, successively and in a manner maintaining the order
from the processing device, since loading takes place by means
of the transport rollers through between the sprockets. This
movement can take place only comparatively slowly since the
semiconductor wafer has to be moved for this purpose by a

35 distance corresponding at least to its diameter, and it



waf er processing, for exanple continuous cleaning, with the 30 cyclic
timng required therefor and with their original order being maintained.
Moreover, it has to be possible for the device to be nanually | oaded
rapidly and by neans of a sinple novenént. 8 The problemis solved by
means of a device for buffer-storing a multiplicity of wafer-type

wor kpi eces, conprising - a frane, 5 - at least two transport el enents which
circulate in a vertical direction around in each case an upper and a | ower
defl ecti on device connected to the frame and which are provided, at uniform

intervals, with a nultiplicity,of L as for.the fprizontal nounting
of morkpié&@s?yﬂﬂ%réﬁﬁtéfuggés}m%ﬁ%%%g ?%B§%§§§£€|gét?0n devi ces of each
transport velrépeates sicdiidvendantbvidrenava 9 &= pacedi anse st 86VHBY ween

the transport gl Sersd LRading, pesk ke hstyeendt he wppeyi defikecti on
devi ces, in'mﬁ[c position a respective workpi ece can be placed onto the 15
cor r esponditigtbear? g eare a8 2Rl - & AT F offlr Y FEWoVAr - devi ce bel ow t he

| oadi ng position, conprising a horizontal transport device, the first end

of which lies within the _free space between.the tran 1. 20 The
problen1i§“FFR§@$S€2§%ﬁ9é8rB§ ﬁ%%ﬁgﬂbpeﬁeﬁ%%%%dﬁ?é?‘%gggé%giﬁing %gen
waf er - t ype-anot kpheces i mdicki duddticcoone sabovesarotdfe whiich houtcarg@éhi ng

adj acent warkpi eces_.i oVe: ri i Spaer enot-gs an

i nt eger tﬁ%fpﬁg %%é%*%$%?ﬁaﬁ91¥ﬁ%§§§§fs§ﬁg?g?%*%ﬁ% ﬁ%?hgulcgﬁnfises t he
fol | owi ng steépsnincthe veFesrt i ed or dernot(a3si hsdrt i*6rr6f-a-Sforkpi ece into
the | Oﬁdi %d%%%ki%tho@) 1sypshe anousvhakl £ Agswf £ ¢ hedt Fansporde ehenent s
such that the workpi ressi vel y noved relativge%o the franme by 30

piece is gro% o i
exact|y orFar&Efital cdi$tandt Beted?thé "bearThy' arék

erpendicul ar to
t he wor kpi ggeskepm tthe draadi nge posiddsenndowanard, andicehelhoaeiamy position
ther eby b%&ﬁﬁ%@c &ggx? %h%@n%gg, in general a multiplicity of different
processing devices are installed at small distances from cne
15 another or in predefined building grids, the arrangement of
which can no longer be changed subsequently without disturbing
the entire processing seguence in the long term or changing it

permanently.
20 Problem

Conseguently, the invention addressed the problem of specifying
a device and a method which make it possible, after batch
processing has taken place, to buffer-store a multiplicity of

25  semiconductor wafers in the true order and in a space-saving
manner and to feed them actually during the feeding of
semiconductor wafers to the buffer store or directly after the
feeding of the last semiconductor wafer to subsequent single-
wafer processing, for example continuous cleaning, with the

30  cyclic timing required therefor and with their original oxrder
being maintained; Moreover, it has to be possible for the
device to be manually loaded rapidly and by means of a simple

movement.

35 Solution



(c) repetition of steps (a) and (b), until all n workpieces 35 have been
inserted, such that a stack of n workpieces arranged 9 one above anot her
and bearing individually on the respective bearing areas has been forned.
Preferably, the nmethod additionally coéprises the followi ng 5 additional
steps in the specified order: (d) vertical novenent of the stack by in
each case one vertical distance between the bearing areas downward unti

t he bottomobst workpi ece bears on the renoval device, (e) renoval of
t he bottom nost workpiece fromthe stack by Wneans of a horizontal
novenent of the renoval device and (f) repetition of steps (d) and (e),
until all n workpi eces have been renoved fromthe stack, Brief description

of the figreBr45 ¥4 gifr §°1VFF ont Wik 6f anehgsditEn P ot St BafFef store
accor di ng .0t pe; d nuentsi aazeFiguie R(Apieséde airgwiefingn enmbodi ment of the
device according to the invention in a first operating 20state. Figure
2(B): sidé ¢ &W*Bt’ an enbodi ment of the buffer store according to the

i nvent ison -i atalsesonticoperatpngt stiarents whRgurig B¢AFe phan WHtéweat an

erbodi Ffe”tdig%c%*ﬂgn buf fer store-R5accordi ng,Lo the J nvepti oo fLirgure 3(B):
pl an view of an embodi ment o% t he buffer s?ore according to the invention
during th&evéppvadtnirctadséni EbRCUCIST ARAf élf‘?dll'ifgﬁ?ré’r?(’ég?dsiaﬁb vi ew of an
embodi ment, 9 t-he: vertd0al, witnh a multiplicity of bearing areas for the
horizontal mounting of workpieces, wherein at least one of the
10 deflection devices of each transport element is driven and
wherein a free space 1s situated between the transport
elements,
~ a loading position between the upper deflection devices, in
which position a respective workpiece can be placed onto the
15 corresponding bearing areas, and
- a stationary removal device below the lcading position,
comprising a horizontal transport device, the first end of
which lies within the free space between the transport
elements.
20
The problem is likewise solved by means of a method for buffer-
storing n wafer-type workpieces individually cne above another
without touching adjacent workpleces in the above-described
device, where n denotes an integer that is greater than 1, and
25 wherein the method comprises the following steps in the
specified order:
(a) insertion of a workpiece into the loading position,
(p) synchronous rolling of the transport elements such that the
workpiece is progressively moved relative to the frame by
30  exactly one vertical distance between the bearing areas
perpendicular to the workpiece from the loading position
downward and the loading position thereby becomes free again,
and
{c) repetition of steps (a) and (b}, until all n workpieces

35 have been inserted, such that a stack of n workpieces arranged



30transport elenment as a chain. Figure 4:flowhart for a first enbodi nent
of the method according to the invention (sinultaneous | oading and

unl oadi ng of the buffer store). 10 Figure 5:flowhart for a second

enbodi nent of the nethod according to the invention (sequential |oading and
unl oadi ng of the buffer store). Figure 6:first enbodi nent of an integration
of the buffer 5store according to the invention into a conplete cl eaning
device with introduction into trays by neans of a robot arm List of

ref erence signs and abbreviations 10 1Frane 2Vertical novenent of the frame

Svertical Lansport, &l aient. 4Bear fig; aheas: 40, SRPH.eehbon. deul .l or
verti cal transpor el enent
bearing areas has been formed.

Preferably, the method additionally comprises the following

5 additional steps in the specified crder:
(d) vertical movement of the stack by in each case one vertical
distance betwsen the bearing areas downward until the bottom-
most workpiece bears on the removal device,
(e} removal of the bottom-most workpiece from the stack by

10 means of a horizeontal movement of the removal device and
(f) repetition of steps (d) and {(e), until all n workpieces

have been removed from the stack,
Brief description of the figures

Figure 1: front view of an smbodiment of the buffer store
according to the invention.
Figure 2(A): side view of an embodiment of the device
according to the invention in a first operating
20 state.
Figure Z(B): side view of an embodiment of the buffer store
according to the invention in a second operating

state.

h

Figure 3(A): plan view of an embodiment of the buffer store

25 according to the invention.

O

an embodiment of the buffer store

Fh

Figure 3{B): plan view o
according to the invention during the remcval of
a semiconductor wafer.
Figure 3(C): side view of an embodiment of the vertical
30 transport element as a chain.
Figure 4: flowchart for a first embodiment of the method
according to the invention (simultaneous loading

and unloading of the buffer store).



6CG rcul ating noverrent of the vertical transport elenent 7Deflection roller
for horizontal transport belt 8Horizontal transport belt 9Spindle of the
deflection roller for horizontal 20transport belt 10Threaded bush 11Drive
for vertical transport elenment 12Driveshaft of the vertical transport

el ements 13Rotational novenent of the driveshaft of the vertical
25transport elenments 14C rcul ati ng novenent of the horizontal transport
belt 15Threaded rod 16Rotational novenent of the threaded rod 17Wrkpiece
30 18Cui de bush (for adjusting height of the franme) 19Position of the

m; EB: 2ggsj:;2u§:@es buf f er., st or &..20Cent eLing, devi-ce if.0h+ aceammdatipg a

according to the invention (sequential loading
and unlcading of the buffer store).
Figure 6: first embodiment of an integration of the buffer
5 store according to the invention into a complete
sleaning device with introduction into trays by

means of a robot arm.

List of reference signs and abbreviations

10
i Frame
2 Vertical movenent of the frame
3 Vertical transport element
4 Bearing areas
15 b Deflection device for vertical transport eslement
6 Circulating movement of the vertical transport element
7 Deflection roller for horizontal transport belt
8 Horizontal transport‘belt
=] Spindle of the deflection roller for horizontal
20 transport belt
10 Threaded bush
11 Drive for wvertical transport element
12 Driveshaft of the vertical transport elements
13 Rotational movement of the driveshaft of the vertical
25 Transport elements
14 Circulating movement of the horizontal transport belt
15 Threaded rod
16 Rotational movement of the threaded rod
17 Workpiece
30 18 Guide bush (for adiusting height of the frame)
198 Dosition of the workpiece in the buffer store
20 Centering device for accommodating a workpiece
21 Cleaning module

22a, 22b Transport roller pailr
35 23 Bristles of the transport roller



21C eani ng nodul e 22a, 22b Transport roller pair 35 23Bristles of the
transport roller 11 24a, 24b Cleaning roller pair 25Bristles of the
cleaning roller 26Tray introducing device 27Tray introducing transport unit
5 28Vacuum gri pper 29Cassette 30Cui de i bs 31Vertical nmovement of the
cassette 33Loading position W34Drive for vertical novenent of the frane
35Transport unit between buffer store and cl eani ng nodul e

24a, 24b Cleaning roller pair

25 Bristles of the cleaning rcller
26 Tray introducing device
27 Tray introducing transport unit
5 28 Vacuum gripper
29 Cassette
30 Guide ribs
31 Vartical movement of the cassette
33 Loading position
10 34 Drive for vertical movement of the Iframe
35 Transport unit between buffer store and cleaning
module
36 Lifting and pushing movement cf the gripper for

semiconductor wafer for introduction into the target
15 tray
37 Removal movement of the workplece during automatic

removal from the buffer store

38 Process start
39 Input: "loading start”
26 40 Interrogation/branch: "is bottom=most workpiece

touching the removal device?”

41 Interrogation/branch: "new workpiece?”

42 Process step: "move frame upward by one position”

43 Process step: "move vertical transport element
25 downward by one position”

44 Process step: "unload workpiece"”

45 Option for process interruption

46 Loop: "waiting for new workplece”

47 Process step: "move frame downward by one pesition”
30 48 Input: "loading end”

49 Process stop

50 Interrogation/branch: "lcading ended?”

51 Interrcgation/branch: "has this loop been iterated

fewer than n times?"



36Li fting and pushing noverment of the gripper for sem conductor wafer for
introduction into the target tray 37Renpval novenent of the workpiece
during automatic renoval fromthe buffer store 38Process start 39l nput:

"l oading start" 20 40interrogation/braﬁ%h: "is bottom nost workpi ece
touchi ng the renoval device?" 41lnterrogation/branch: "new workpi ece?"
42Process step: "nove frame upward by one position"” 43Process step: "nobve
vertical transport elenment 25downward by one position" 44Process step:
"unl oad workpi ece” 450ption for process interruption 46Loop: "waiting for

new wor kpi.gce" 47Rr s g - A L tion"
481 nput ;- "Foadi ng sggng.%%%dé&@& move S dowaward. by..one peshthen’ 30

device of the removal device
53a, 53b Topmost bearing area in horizontal position for
accommodating a further workplece
5 S54a, 54b Bearing areas downstream of the bearing areas 53a, 53b
in vertical position
55 Device for feeding cleaning agent
56 Cleaning agent
B7a, 57b Drying device
10 58a, 58b Dry alr jet
58 Interrogation "is the frame situated in the bottom-
most position?”
60 Workpisce in cleaning module
61 Workpiece on tray introducing device
15 62a, 62b Rotation of the transport rollers
63a, 63b Rotation of the cleaning rollers

64 Loop until loading has ended

65 Depression in centering device 20

66 Cam for the heorizontal alignment of movable bearing
20 areas 4

87 Tooth of the deflection device 5 in the case of the

embodiment of the vertical transport element 4 as a

chain
&8 Tilting movement of movable bearing areas 4
25 (232 Chain articulation in the case of the embodiment of

the vertical transport element 4 as a chain
70 Chain link in the case of the embodiment of the

vertical transport element 4 as a chain

71 Guide rod for vertical movement of the frame 1
30 n Nurmber of workpleces in the batch
WS Workplece (e.g. semiconductor wafer)

Detailed description of the invention



49Pr ocess stop 50Interrogation/branch: "l oadi ng ended?”
51linterrogation/branch: "has this | oop been iterated fewer than n tines?"
12 52Sem conduct or wafer conpletely on horizontal transport device of the
renoval devi ce 53a, 53b Topnpst bearing® area in horizontal position for
accomodating a further workpiece 5 54a, 54b Bearing areas downstream of
the bearing areas 53a, 53b in vertical position 55Device for feeding

cl eani ng agent 56C eani ng agent 57a, 57b Drying device W58a, 58b Dry air
jet 59Interrogation "is the frane situated in the bottom nobst position?”

6OVbrkple%%elBe918§Qhﬂgm%9gglgo the inventicn is described below with
reference to figures 1 to 3. The device according to the
invention is also designated hereinafter as "buffer store” for

short.

PFigure 1 shows an excerpt from the device, comprising a frame 1
and a plurality of transport elements 3 circulating in a
vertical direction (also designated as "vertical transport
elements" in this description}, in a front view. The frame 1

10  can be open or embodied as a partly closed housing. The
vertical transport elements 3 have bearing areas 4 and run as a

closed ring via deflection devices b,

The vertical transport elements 3 have to be flexible at least
i35 in one direction and allow deflection by means of the
deflection devices 5., At the same time, expansion of the
vertical transport elements in a longitudinal direction should
be aveided. By way of example, belts, strips cr chains can be
used as vertical transport elements 3. In particular, toothed
20 belts can be used as vertical transport elements, the teeth of

which form the bearing areas.

The number of vertical transport elements 3 is chesen depending
on the size and form of the workpieces for which the buffer

25 store iz provided. The arrangement of the vertical transport
elements and thus of the bearing areas has to enable the
workpieces to be supported securely. By way of example, an
arrangement of four vertical transport elements along the four
vertical edges of an imaginary parallelepiped is possible. This

30 arrangement is suitable, in particular for rectangular
workpieces. An arrangement of three vertical transport elements
running parallel is alsc possible. Two of the vertical
transport elements are opposite one another, such that their
bearing areas support the workpieces on two opposite sides. The

35 third vertical transport element is at right angles to the



61Wbr kpi ece on tray introducing device 15 62a, 62b Rotation of the
transport rollers 63a, 63b Rotation of the cleaning rollers 64Loop until

| oadi ng has ended 65Depression in centering device 20 66Cam for the

hori zontal alignment of novabl e bearindg® 20areas 4 67Tooth of the deflection
device 5 in the case of the enbodi nent of the vertical transport elenent 4
as a chain 68Tilting novenent of novabl e bearing areas 4 25 69Chai n
articulation in the case of the enbodi nent of the vertical transport
element 4 as a chain 70Chain link in the case of the enbodi nent of the

vertlcal 17308port eLaleal 4.28. 5 anahl LA de. %%at»%\}%vgféascal moverent

of the frane nber pi eces in the Wor kpi ece (e.qg.
seni conductippowaf €19 vDetailkeds descy itptirens bie t e ﬁ@éﬁ?boﬁld@ remains

free in order to enable the workpileces 17 te be removed Ifrom
the stack. It is also concelvable for the two vertical

5 transport elements situated opposite one another and their
bearing areas to be made wider, such that the bearing areas can
securely support the workpieces on opposite sides and the third

transport elament can be dispensed with.

10  For round workpieces such as monocrystalline semiconductor
wafers, for example, the embodiment illustrated in figures 3(A)
and 3(B) is particularly preferred: said embodiment provides,
as described above, four vertical transport elements 3 running
along the vertical edges of an imaginary parallelepiped, in

15 which case, however, two of the vertical transport elements 3
respectively have common bearing areas 4 which connect the two
relevant vertical transport elements 3. The bearing areas 4 are
preferably embodied with a centering device 20 in the form of a
connecting web having a depression 65, the form of which is

20 adapted to the form of the workpieces 17 and which therefore
provides for a lateral guidance of the workpileces 17 and
facilitates the positiocnally accurate insertion of the

workpieces by the installation operator or the automation.

25 The deflection devices 5 are fixed to the frame 1. IL belts or
strips are used as vertical transport elements 3, rollers are
suitable as deflection devices. I the vertical transport
elements 3 are chains (in particular articulated chainsj,
gearwheels are preferably used as deflection devices 5.

30
The vertical transport elements 3 can perform simultaneocusly
and in the same way (synchronously) a movement 6 by multiples
of the distance between the bearing areas 4. The distances
between the bearing areas 4 and the diameter of the deflection

35 devices 5 are preferably dimensioned such that the topmost



13 The device according to the invention is described below with reference
to figures 1 to 3. The device according to the invention is al so designated
herei nafter as "buffer store"” for short. 5 Figure 1 shows an excerpt from
the device, conprising a frame 1 and a'blurality of transport elenents 3
circulating in a vertical direction (also designated as "vertical transport
el enments” in this description), in a front view. The frane 1 10 can be open
or enbodied as a partly closed housing. The vertical transport elenents 3
have bearing areas 4 and run as a closed ring via deflection devices 5. The

vertical transporl. elensnts.3 haye Lo becliex e iabnteasindS da one

di recti on“and"af | 6w de ["ection by neans of the deflection devices 5. At the
same tinmesubxpansioestitleavert i A AFaRdhotte SSERERESCT P ﬂooﬁgﬁ udi nal

directionuiggglgepgﬁgﬁghdggvi@%sway of exanple, belts, strips or chains can
be used as vertical transport elements 3. In particular, toothed 20 belts

can be used as vertical transport elenents, the teeth of which formthe
beari ng areasyeThecqunbenspbrvestdrcaltst Banspordieldefentsicn g gheseh

dependi ng on, the. i zg and Loum of -t he wqtkpl ecas,f opnbhohdhe huffer 25
store is i 84°° ThE arrangenent” of the vertical transport elenments and
thus of thecsearingrar e@skhasct ol enélsire skhecprip ecdi cepdBe-Support ed

securely. pay, of exanphe..ap. aryangenent of four vertical transport
el enents a oﬁg@tﬂe four vertrcal edges of an inmaginary parallelepiped is

possi ble. This 30 arrangenent is suitable, in particular for rectangul ar
wor kpi gcesy 1ARqankangerant of thseerivpnteiscal atid anspont aehement s runni ng

parallel is al so possihble. .of the vertical trans e are
opposi te o ERGEhETT B Iﬁgistﬁﬁ?¥ﬂﬁgﬁkfﬁﬁe%§éggzg%%%gr%ggﬁ%%agrkpieces
on two oppdsiitesshdesd Ehele35mihed dowerts cakitearspdrrnesenemring at right

angles 10 the . 14,1115t 0 yertl cal dd aaspprL ol emant $..bLs, baayig ar eas
support the worKpireces on'a third side. The fourth side renains free in

order to emaflesabhe MROTHEUICEcESEITEYRIUE PERBYEE 1T tHE &PAcki®1t is al so
COHCEiM@b|€hJéN§uEB§ EN@’@G%&%E@@E 17 in a horizental direction.

The buffer store has below the loading position 33 a stationary
removal device, by means of which a workpiece can be withdrawn
from the bottom-most position of the stack of workpieces 17 in

20 order to unload it from the buffer store. The removal device
substantially consists of a horizontal transport device. The
latter is positioned such that it projects into the space
between the vertical transport elements 3 to an extent such
that it can be brought into ceontact with the bottom-most

25 workpiece of the stack by corresponding lowering of the stack
and can support sald workplece and transport it out of the
buffer store. Figures 1 and 2 show by way of example a
horizontal transport device formed from deflection rollers 7,
transport belt 8§ and spindle 9. However, the horizontal

30 transport device can also be a conveyor belt or &z roller

CoONvayor.

Figure 2(A) shows the device shown in figure 1 in a lateral
overall view with further elements that are not illustrated in

35 figure 1. The circulating movement & of each of the vertical



5 transport elenents situated opposite one another and their bearing areas
to be made wi der, such that the bearing areas can securely support the
wor kpi eces on opposite sides and the third transport el ement can be

di spensed with. 10 For round workpi ece$® such as nonocrystalline

sem conductor wafers, for exanple, the enbodinent illustrated in figures
3(A) and 3(B) is particularly preferred: said enbodi nent provides, as
descri bed above, four vertical transport elenments 3 running along the
vertical edges of an inmaginary parallelepiped, in 15 which case, however,

two of the vertical transport. el enen ; t.i,.v h earing
areas 4 wﬁFéﬁSB%ﬁ%é%vwinggtéol?évgghkﬁsgé%?$c |3f§§%§%0?%§%%gﬁg%$§pg_ The

beari ng aceasddiese QridkerabhydenisdiSed TW & hc3R dent-8Fi AgFdeVitél0 in the

formof a conpegting weh having 2 depresstef.dherkhe1losm ofedbinch is 20
adapt ed tgggﬁg ?%%%gﬁT t he wor kpi eces 17 and mhf%h thereforeéﬁ%fyides for a

| ateral gdiidanee2 6%) t H@owBEKbi €tles "B SBRYTf 2tFT9Tt4t 855t el Po it 6181 |y

accur atse inseLti ofy, ofediheswar kpi eces oy ibherdnsial, | ahkoaioperatioreor the
automation. 25 The deflectiggfgev'ces 5 §£ee£ixed tot&ge %qggpl%wekf belts

or strips %&fécGset aVEr i T rinsport 181 eWent$°S, “FolTers are suitabl e

as def | ectdegnedevicesol lefrst heavertduwaledt pansportucel eieAtsl3 af'échains (in
particul ar arE508£9%§9§%9$E@§lt Q?ﬁﬁ%ﬁﬁ%kﬁlaﬁ@m&&fﬁﬁﬁgbty ysed-asiy,
)

def | ecti off“devrce € vertical transport elements 3 can perform
si mul t anedusl ywandtier tiheesafel Wegt (Sy FEREBABUSIZNE ECHDVBNEMNt %6 by
mul tipjees of..the distance between dhedeari pge asieas 42 Theudistances

bet ween the bearing areas 4 and the di anet of th flection 35 devices 5
are prefeﬁ%ﬁﬂ%&ed?&gh§ﬁﬁhé& §aéﬂe%rﬁﬁe%%$¥-t§5ﬁns%° %%§%géa??ﬁﬁﬂéﬁ§hs 53a and
53b are prgcivsel yiberi zontrablehenr the subséquent hear icngmaneasiB4aland 54b

are perpendicular to the upper_deflectiaon I .S.1he, vertical
transport ¥l éfent’s §eeﬁr%ﬁ$eﬁfla%?|@gti%ﬁﬁ@d§§¥§§§§%§Fﬁafg g?de them are at
such a di steeMeetfivonrohiem@ndt fier thatbreciPsel yr o iwor kpi 8ee 2% S(f or

exanpl & OF‘eena%%@sCQHdg%fgt wafer) has ispace sbgtween hem oA teadi ng position
33 (se€ figures 1 an or a newy inserted workpiece 17 is sjtuated
bet ween t helaippersdeftedd GRedBoRERL FHERG sCa8T Tt -ed by tHE Hori zont a

topnost beald ng .akeas H3a @ang H3bke on-avhiich ckhesswandkpicecewi#aié pl aced, and

h ,
the relative to the frame 1 by means of the belts 3.

20 The frame 1 ig movable in a vertical direction relative to ths
removal device in a first embodiment of the invention, whereas
it is stationary, i.e. not movable relative to the removal

device, in a second embodiment.

25 Figure 2{A} illustrates the first embodiment of the buffer
store according to the invention with a vertically movable
frame 1. The vertical movement 2 of the frame 1 is produced by
a drive 34. Preferably, the drive 34 drives a shaft 15 to
effact a rotational movement 16, wherein shaft 15 is embodied

30 as a threaded rod that engages into threaded bushes 10 fitted
to the frame 1. Consequently, a vertical movement Z of the
frame 1 is brought about by the rotation 16 of the shaft 15. By
way of example, guide bushes 18 fitted to the frame 1 are
shown. The guide bushes 18 guide (likewise shown by way of

35  example) guide rods 71 fixedly connected to the basic framework



preferably perpendicul ar topnost bearing areas 54a and 54b, 15 that guide
the workpiece 17 in a horizontal direction. The buffer store has below the
| oadi ng position 33 a stationary renoval device, by neans of which a

wor kpi ece can be withdrawn fromthe bottom nost position of the stack of
wor kpi eces 17 in 20 order to unload it fromthe buffer store. The renpval
device substantially consists of a horizontal transport device. The latter
is positioned such that it projects into the space between the vertical
transport elenments 3 to an extent such that it can be brought into contact

with the botton nost 25 workpi ece of__the stack cCorres di ng._| ring of
the stack ‘&Ad E%ﬂw%hﬂﬁ%r@esﬁgﬁl%%izgées %ﬂetréz;%n or gf%)ﬁ(])u“fo ofmegﬁg Ibu?fer

. nspor
store. Fi gurestieantk: showhbygwale afuséxanpt esladvorinzoht apuidaanrspert device

formed fr deflection rollers 7. patt. bel.t. Ad., Spi 1vHowever
the horizontal ®30 3fersétunstport %deﬁﬂé"etnggjr%%a%%h b;giﬁbl%cg%\}g%%%gjlsﬁv%rlya roller
conveyor. in Ei garei@A)dighonsor he devihestshowitida fiingar 821139 at er al

overal I; vigwwi t b, furgher..elbepenis thatcare #otrrd lustrateshddts35thkgure 1.
The circulating noverrent 6 of each of the vertical 1g transport. el ements 3
i s made poBSFBI BUBYST nedtR EAsE dt°Vedst 2oRe i VN @f?%%?gg&Jﬁ§§ice 5.
TP:S fantbﬁlgﬁgukgm@; @mﬁh?ezuppﬁrmﬂeﬁh@etboﬁ deviicanbs twp¢ hef enbodi ment
illustra in_figure 2(A)., 5.deflection.deflecti. ct be
caused Thngﬂg“o?ﬂg?SRW?éﬁw%ﬁeFl§§Eﬁ:%O 206511 setlan.dethel an.can,
However, other types of height adjustment are also possible,
10  for example by means of one or a plurality of chains driven via

gearwheels, or by means of a pneumatic lifting device.

Figure 2(B) shows a side view correspending to figure Z(A), but
with a frame 1 moved downward relative to figure 2Z{&) to an

15 extent such that the bottom-most workpiece of the stack becomes
situated on the transport belt B8 of the removal device and is
withdrawn by rotation 14 of the deflection rollers 9 from the
slot between the two adjacent bearing areas 4 of the belts 3
which guide the workpiece in the stack, such that the workpiece

20 is remcoved from the stack (unloading operation).

Figures 3{(A) and 3(B) show the buffer store in plan view, tc be
precise figure 3 (A} with all the stacked workpieces 17 stili
held in position 19 vertically one above another in the stack
25 (corresponding to the side view in figure 2(A)) and figure 3(8)
with the bottom-most workpiece 17 already half withdrawn from
the slot between the bearing areas 4 of the belts 3 in
unloading position 20 (corresponding to the side view in
figure 2(B)). Arrow 37 symbolizes the movement performsed by the
30 workpiece bearing on the transport belts 8 during removal from

the stack.

Figures 3(A) and 3(B) additionally show by way of example four

guide bushes 18, through which a regspective vertically fitted



the vertical transport are deflection are driven. In are nounted on

el enents are belts and the rollers, wherein the | ower each case two of the
| ower a common shaft 12, which flgure 2(#0 and is hidden thereby. The two
shafts 12 can be driven with a suitabl & force transmni ssion by a conmon
drive 11 or by two separate drives 11. Each shaft 12 drives the deflection
rollers 5 for the belts 3 by rotation 13 and thus 15 enabl es an adj ust nent
of the belts 3 by multiples of the distances between the bearing areas 4
downward. As a result, the stack fornmed from workpi eces 17 can be noved

downward relatiye, tq Ege ghiao®, Ly .nmeans of-dihe bebtss3.q2Q The frame 1 is

L&
movable if a vertical dlrectlon relatlve to the renoval device in a first
enbodi nentteBfrt Hert fPedt Pohde wisteds it is stationary, i.e. not novable
relative to the renoval device, in a second enbodi nent. 25 Figure 2(A)

illustrates the first enb dlnent6$ t he byff r st03e ?ccqu|Q%eto t he
i nvent i on Wt BRI CalPRy roVasi ' F Fame™ 1 %%EfverF cal“novenent 2 of the
frame % |@rpbmd@cﬁﬁﬂeyssaddbyvehéénvlémeﬁenach)ély@ratlﬁef dndven 34 drives a shaft

15 to effectﬁ?ﬁrq%eg&gggl nmyene = eﬁmﬁ ﬁméngﬁgogg ESe ejfadiced 30 as a

t hr eaded rog engages ‘into t es 10 fitted to the frane I.
Consequentsey]  aa verts -calo rnpvenert - Zthd?ﬁeeﬁ?%ﬁbliﬂ#§rﬁr%dﬁﬁﬁféBoB? by the

rotation 16 ;0f (L he shafit %%rgyrwoefcﬁesagmm cgwtdaceg%@@«eb& fhtted to
the frame 1 are shown. The gui de hushes 18 %} kewi se s ownégxymey of

35 exanpléﬁaéﬂP@ea?%ﬁ%47faFF¥eﬂ$QijWﬁ§5Peﬂ T%:% GasieS 1t o 17 (not
shown) jgof dheaedttdesduffernstortne m@mevestmml Trivenent L& dftct he frame 1,

t he gui de bushes 18 slide on th UId . r e frane
moves wi t HATEET ?Ea?ﬁ%rf excqﬁu& vgltgg/}1 in aE\Q/g? ticat Ié}loge:cg?%uﬁé%g\% t ho
rotation iembachedizontaith&ddbebtti divr ERempE: earterchi chustead iton of the

other elengnts, the, guide bushes, I8 b%ﬂqsguwgenr%o%% 8Le- depisted by

dashed limes in figure 1, figure 2 (A and figure 2 (B).,) This type of
hei ght adj3#st méak l%ﬂ%ﬂlﬂﬂrézﬁét?%%ﬂ|%feoéﬁlrth%r%ﬁQﬂW§OB?E?e?r%ﬁf FH6GRver

ot her t{ypes %slﬂei&ht:a:ﬁdafli@w@ni Be f&'g&@ep2)$§))b| e:,helaeéexn@XaamaJse by neans
of one or a plurali é%)%ha ns driven via_ gg wheel S pg means of a
pneunat i ¢ 193t PAY 65%1 EFgur ™A B VEA6HE at 5T de W §M/correspond|ng to
figure 2(ﬁ@artbuhl transport element 3 have to be just largely

perpendicular, such that the insertion of the workplece onto

the loading position 33 is not blocked. The insertion is

20 effected from above according to the invention.

Alternatively, a particularly compact design can be dispensed
with, and the vertical transport elements 3 can be at somewhat
greater distances from one another. This leads to a somewhat

25  higher frame 1 overall. While this generally does not impair
the functioning of the device, for the case where leading is
carried out manually it is preferred, for reasons of ergonomics
and in order to achieve a lowest possible susceptibility to
loading faults, if the structural height of the frame is as

30  small as possible. As a result of the cyclic progression of the
frame during the lecading of a batch, the loading position is
displaced for the installaticen cperator by a stack distance
from semiconductor wafer te semiconductor wafexr, and, in the

case of particularly dense stacking {housing having a



with a frame 1 noved dowmmward relative to figure 2(A) to an 15 extent such
that the bottom nost workpiece of the stack becones situated on the
transport belt 8 of the renoval device and is withdrawn by rotation 14 of
the deflection rollers 9 fromthe slot’ between the two adj acent bearing
areas 4 of the belts 3 which guide the workpiece in the stack, such that
the workpiece 20 is renoved fromthe stack (unloadi ng operati on). Fi gures
3(A) and 3(B) show the buffer store in plan view, to be precise figure 3(A)

with all the stacked workpieces 17 still held in position 19 vertically one
above anot, ?El&!ﬂl %&&% §§££ J,85panding t . iihe qskde.vdewd nrfbgare
2(A) and |gure he bott om noSt vvork iece 17 already half

Wi t hdr awn 1popo#mRe r@@tepnbéw@@ﬁwt%aﬁéér Flﬁc‘gﬂa{ré@é% of PR HEEs 3 in
unl oadi ng position 20 (corresponding to the si de VI ew in figure 2(B)).

Arrow 37 synbolizes the ver?nt perfor med % er ,ngéece beari ng on
the transpoft 1Beft¥ & direngtt evoval®Fr om't he® stacl? 18"guide rod 71 is
gui ded.s | tauitsmat 56 Jpossifbleckamplse mpreans ¢ewerrdadsanafourhigdi de rods 71.

The erbodi Tent s, SIOWL ) LhaHES,)] f0dk0uts, 308 soliue bhec probl em

addr essed by tﬁe P‘nvent T on generally and in a sufficient manner. However,
they have drienetiatd ors:-cfge lspeers i ¢ wpphicat # ons . LIFSr Lekanphe, - @Hdnd

deflection rolkers;5 have.t g, be.mde, r\éerynsmié ddveqrdes, to obtain small
di st ances "bet ween t he beari ng areas 4, car rgi ng t he wor k |epe % and thus a
desi r abl y Féirpaet2 eohstruct P ﬁu%‘?u‘taﬂe DEAERBroSt'die hOTR e car’ ] 64§ to |arge
fractupe ang-es Qtfoﬁeh&s\/@rrt«eiféakecﬁ r |isROrhe et enEnt i3:¢3 senbodf etbwasenoot hed
belts, for. exa i.ch can_lead t the.Loothed belts.

| Ve
W t h toprrbdsltSthg?f negnaéarleas’?1 5387535 1Y %ga’ﬁgﬁu zooﬁ{tpaal%l y in order to
accommpdatmsa twonkpiecedurapesi £ ore833nf ngoe ecastard TELghure (WY, the

bearing afﬁ%?%ré4§{CP4ghéggﬂbrE0E£5W%'é1ﬁé&%1HQY@?T?“pﬂ@f%@?E&Oéhﬁ%dﬂhéhﬂe

verti cal nsport el ement have to be just |argely perpendicular, such
that the iafsahei @ﬁ‘”@fcatlhetr\ﬁ@ﬁ%if%c%l%‘fﬁ“& the"I-6ddi 4y 9¥6sition 33 is not

bl ocked. TheiiRsesti P81l distance between the workpieces 17 that
become situated one above another, and hence a particularly low
stractural height of the frame 1 of the buffer store, in a
detail view. The vertical transport element 3 is embodied as a
chain, comprising chain links 70 connected by articulations,

20 and bearing areas 4. Articulated chains (bolt, bush or roller
chains) are preferably used, particular preference being given
to roller chains wherein the articulation between two chain
links 70 is formed from a bolt which is connected to the first
chain link and which is led through z bush connected to the

25 second chain link. The sleeve is in turn surrounded by a hollow
chain roller 69. The chain circulates around deflection rollers
5 having a toothing 67, which engages into the spaces between
the chain rellers 69. As a result, the circulation & of the
chain around the deflection rollers 5 takes place without slip,

30 and the movement of the chain can be carried out precisely and
reproducibly, for example by a stepper motor drive of the

deflection rollers 5.

Trn this embodiment, the bearing areas 4 preferably comprise in

35  each case abt least one cam 66 projecting perpendicularly from



20 effected from above according to the invention. Alternatively, a
particul arly conpact design can be dispensed wth, and the verti cal
transport elenments 3 can be at sonmewhat greater distances from one another.
This |leads to a sonmewhat 25 higher frafe 1 overall. Wiile this generally
does not inpair the functioning of the device, for the case where | oading
is carried out manually it is preferred, for reasons of ergonomcs and in
order to achieve a | owest possible susceptibility to |loading faults, if the
structural height of the frame is as 30 small as possible. As a result of

the cyclic progression of the frame durin di f ¢he,the
| oadi ng p&?@tpgﬁx%%?(ﬁafﬁléte%F% ﬁgnpﬁg? %Iatﬁ%% SSgﬁgtﬁféﬁéka St ack

di st ance froan:ses corductbe a%#IﬂUHajlgeﬁ}cbhdﬂ@t@%ewaﬁéry HHF MG Ehe case

of particuylarly é‘sr%t%tc%l%ﬁgm( hqu%'lﬂg H@Vérﬁkgw@ cel9epartigadanly small
structuralhhe ght),, thi's displacenent of the | oadi ng position.is

parti cul arlnpagsnal dbouthiteh REThPefarced. °oThe ¢ gaditig 16f L the-Buffer"&tore can

al so bg penforped 5aul-emaki ¢add Yund @tamexanmhta:sbmgiaseaas ofie aitadbot arm
whi ch renmpoves the sem conductor wafers fron1 he g} vi ce. of lhek% ec glng
i’ 5oor

material pridedsi mfand placed t e Oﬁﬁglf%e Sadig oSt t he

ng p05|t|on
buffer stornea knhttdis :casestt cos Qﬁﬂpéﬁibéuthﬁ|%dlﬂﬂ&ht btatmnqu&ﬂ@ahérght of

t he housi 1 of the buffer 0 re e C he.k ting shorter
gﬁgtaﬁcg ulatlgﬁ é if%ﬁ%l %iﬁ £&5ﬂﬂ& %h% 8ef f%%ﬂ dn

novenent © enabl e a corresp nore conpact, nore positionally
accur at e, fcdseer and:iobeacdBt - @ffECté @é@r ‘ébb‘%Ed qug@r €% 8?0}“ tHer ef ore shows

a parthU|5Hﬁd%eQEe££¥Jf§é %”b@gtigﬂ“odﬁéckﬁﬁrﬂeéf|5ﬁﬁlrth@ﬂ@@@r&u%ﬂmgﬁent 3,
which allows a IS particularly small dlstanfe bet ween the mor6$|eces 17

that becor@ssiPHared " Gifdeabove ErdotHEr " ant-Refitd & paft et 31y Tow
struct ural-heisgbt+of dhefr aﬁe dvef drhe dbdf ferist arcd leirnSatdetwid avi ew. The

vertical Eg?gggoggagtﬁgyggn er o?qgggh%% %g gltuated to the right of

its rotation axis {axis of the chain articulation) does the

15 bearing area 4 tilt in the clockwise direction until its cam 66
stops against a chain link 70. In this case, the cam 66 is
dimensioned and positioned at the bearing area 4 such that the
bearing area 4 projects precilsely horizbntally from the chain
upon a stop in the clockwise direction.

20
In the loading position 33 for a workpiece 17 inserted into the
buffer store, the bearing area 53a is therefore situated
horizontally, while the bearing area 54a that follows in the
circulation direction 6 of the chain still bears, in a manner

25 completely tilted in the counterclockwise direction, against

the bearing area respectively following it.

By virtue of this embodiment of the vertical transport element
3 as a chain with movable bearing areas 4 and cams 66, the

30 loading position 33 is always accessible, even if the
deflection rollers 5 are comparatively large, the chain links
70 are comparatively short or the bearing areas 4 are
particularly wide. As a result, workpieces 17 can be mounted
one above another with particularly small distances, that is to

35 say a high stacking density, and this results in an



chain, conmprising chain links 70 connected by articul ations, 20 and bearing
areas 4. Articulated chains (bolt, bush or roller chains) are preferably
used, particular preference being given to roller chains wherein the
articul ati on between two chain links 78 is formed froma bolt which is
connected to the first chain link and which is |ed through a bush connected
to the 25 second chain link. The sleeve is in turn surrounded by a hol |l ow
chain roller 69. The chain circul ates around deflection rollers 5 having a
toot hing 67, which engages into the spaces between the chain rollers 69. As
aresult, the circulatiopn.6 of. i round t he:defl egtdonpekkbers 5

t akes pIa@gvﬁpgﬁ%ﬁFﬁékﬁg?lgbgéﬁ%ﬁﬁﬁgﬁﬁnggﬁént o#‘?%égghé?ﬁ égﬂ be carried
out preci sébyeand reproduci bly, for exanple by a stepper notor drive of the
deflection rollers 5. 20 the bearing area 4, and are connected to the
chain in a manner rotatable about the articulations. Ln the exemplary
embodi mentPaghé®hl 2t He BEGEAT ORI CFPETRY TovEMEnt T88 b “'the Béari ng
areas 4 ahoutnt pecarddculiahi anseofetihe chaite % lamd tedpihse he 5 cl ockwi se
direction when the c 66 .butts against the chain li in the
countercl6@?%?581%??2%%Wgﬁcah%%nfﬁg r%%?%ﬁgeégggqﬁmggg?ggggg?ggt the cam 66
of the adjsacéntnbearimgadeea) 417 Durd fgushenebfe agttiicn 67 6f @ €hai n
around the, defl ect i .quggg§g5, the bearing areas 4 are tilted to a stop
in the io counterclockw se direction on account of their weight during the
upward novenent of the chain. Only when a bearing area is transported

upwar dand Vet -hhe defd-ectiboncrold emdnt@osuch dsexbent it hatesdtks center
of gravity is situated to the right of .its rotati LS, (axhS-: he chain
articul at iGiP doB&LThe IS HEAFTH c%ﬁééiioyfﬁ?r?% gégiﬁoékaﬁggh“ﬁfgction
until its mamie6tsiopssegainnstrBpiha:m drienktOked Erohi shease;tathéccam 66 is
dimensi oned and_posLil.oned gt L e, LealdNd AR 4 SUCh:LhaL: Lhg heaki ng area
4 projects prec?s%?yp orizontalfly fromthe chain upon a stop in the

cl ockw se di‘reeniopen2@pnductor wafers in the buffer store according to

15 the invention and are remcoved again from the stack from the
bottom to the top in the order of their insertion ("first in
first out", FIFO). The n workpleces originate for example from
batch processing carried out beforehand and are unloaded from
the processing device in a comparatively short Time and fed to

20 the buffer store according toe the invention.

Figure 4 shows a Iirst ambodiment of the method, wherein the
stack is built up in a first cycle, with which the workpieces
are provided from the prior process, and at the sane time,

25 during the stack build-up, the stack is taken down again from
rhe bottom in a second cycle, with which the workpleces are
intended to be fed to subsequent processing (for example
cleaning). In this case, the first cycle (feeding to the stack)
is faster than the second cycle (removal from the stack), such

30 that during the stack build-up and take-down process workpleces
are always avallable in the stack and, as a result, nc walting

times occur during removal in the second cycle.

The device features required for the description of the method

35  are illustrated in figures 1 to 3. For the first embodiment of



In the | oading position 33 for a workpiece 17 inserted into the buffer
store, the bearing area 53a is therefore situated horizontally, while the
bearing area 54a that follows in the circulation direction 6 of the chain
still bears, in a manner 25 conpletely®tilted in the counterclockwi se
direction, against the bearing area respectively followng it. By virtue of
this enbodi nent of the vertical transport elenent 3 as a chain with novable
bearing areas 4 and cans 66, the 30 | oading position 33 is always
accessible, even if the deflection rollers S are conparatively |large, the

chain Iinks 70 are,canparatiyvely, short, o - the. heaticng sareas, 4 Aien
particul arTy wde. As"a résult, workpi eces 17 can be nounted one agove

anot her witch tpar ticen drdry isnafed divgtEedrdes the hatanss t $35°%a% hi gh

stacki ng denskty. andddi-snpesulds id an =2l advant ageeusiar tineul arly
smal | structural _height of the buffer store. Particunglg géeéﬁrably, t he
beari ng aréadiZ2ArBTH Y §Tch® Bragdaith Provi Ged W't a®cent é¥i n§ devi ce
20 and sconpreicsecdepy essirens £65 which acenbeenand guitde themsvordipitéces (e. g.

sem conduct or . wafers ée%qd t hus enable particularly sinple "self-finding"

1
| oadi ng. 10 THE AETRGYH &Cd5rding to the invention is described in greater
detail below with reference to flowharts (figure 4 and figure 5). In this

case, N WaiKpheeesyale slaqsgd [fomd Nedhaltomdo Jhetop pergand cularly

one above another and w thout touching adjacent sem conductor wafers in the

buf fer st grt&r&cEBEEPMPET GRESIERECE NV FEATERY &% FeRBvEA AHai¥ from t he

stack for om.tthe-bott opF t:nd Rectopind theerdes ©foddai kignsettd o Eheirst in
nate for example from batch

first out", FIFOQ . The n workpiecgs origi ] m_bat cl
proceSS|nd“f%*%ﬁ@dd%ﬁfy%é%%FeEgﬁdgﬁﬁﬁjﬁgg UATDSISH Fr 6 The processi ng
devi ce in @xanpasabsvel oshertmpleares arnd lketed ol 201t berbdkf ercistorse
according Efﬁﬁl% ekﬂggnéiﬁg% workpiece 17 has been placed on loading
position 33. As long as no new workpiece has been placed,

15 interrogation 41 is in the waiting loop 46. As socn as a
workpiece has been placed (step (a) of the method), the entire
frame 1 is moved (42) upward by one positicn (that is to say by
a distance corresponding to the distance between two adjacent
bearing areas 4) and the vertical transport elements 3

20 (designated as "toothed belts" in the flowchart) are moved
downward by one position (43; step (b) of the method). The
movements 42 and 43 can be effected sequentially in the stated
order or synchronously. This ensures that a workpiece 17
possibly already situated in unloading position 20 on the

25  removal device (for example on a transport belt 8) is not moved
deeper than as far as the unloading position 20, as a result of
which the workpiece would shatter. At the same time, however,
the stack of workpieces already formed is moved downward by one
position within the frame 1. The frame 1 and therefore the

30 loading position 33 lie one position higher than before after

steps 42, 43.

If a bottom-most workpiece is in unloading position 20 after
steps 42 and 43, it is unlcaded by means of the removal device

35 (e.g. transport belts 8) (44; step (e)). If no workplece is in



Figure 4 shows a first enbodi mrent of the nethod, wherein the stack is built
up in a first cycle, with which the workpieces are provided fromthe prior
process, and at the sanme tine, 25 during the stack build-up, the stack is

t aken down again fromthe bottomin a $econd cycle, with which the
wor kpi eces are intended to be fed to subsequent processing (for exanple
cleaning). In this case, the first cycle (feeding to the stack) is faster
than the second cycle (renmoval fromthe stack), such 30 that during the
stack build-up and take-down process workpi eces are always available in the
stack and, I | L. i1 [ o ri i-p st he second
cycle. zﬁﬂﬁﬁégh% ﬁ%ﬁ%k?ﬁg %?r%?ﬂgﬁ%gg?ﬁeg% %%d?%% ggF¥§$@¥?%?§%§écording
to the ineedt tba Fsnusdddeher gdilichétf Fake 31% s AfovabFEXPEEtTveSt o t he
removal deviCgeibs & Mer ticcal; digecti on. <The, verdd,cak rapvesenizrof the stack
in accordance with step gd) is b effected,bx means gf a vertjcal vement
of the frangcrelatt vid'1d ‘EHelF AR IBOF e OThe net fod 8t art £5( 387 by the

i nst al lsat iR iepeERi D= PresSpag: Balstirt: hdbtoad anirtehd Sdeddcrsd flormexanpl e,

or by an unl oadi au Lon.of the pre ' rQ ' si gnal i ng
to the st5%??5943%Vfégﬂgﬁéfr?ﬁ%r?bedi25 %?95§$¥gf%gﬁg%Fgg%@£ﬁﬁ§?%g (39). A
sensor, forvexanpbeseey éfdl bet adddd gint thar sFerk ohatkeoralinawhiet ker a new

wor kpi ece L7 hag besn fplacedaon:laading,position 33 As long as no new
wor kpi ece 'has been placed, interrogation 41 is in the waiting |oop 46. As

soon as a workpi ece has been placed (step (a) of the nmethod), the entire
frame [ i s 40ved {42)ndpuakdcbynone Raesibhencf tdat(iis thesayadiy laidi stance
corresponding to_the dL§tanC§.be;ﬂFen t wo agégceng+gg%ringéﬁgea%é4) and the
vertical tT4n8poftmelehent’s 3 20 desigiardd as *t oothed berts” in the

fl owchart)smamre mpvettaownwandlbydione {@osistkpn (¢43;ofstkepoetbyiote tihe et hod) .
The movements 42.apd 43 %%%Qedgﬂﬁﬁae%&sgqesm& I,4iiR s bhe, st atedor der or

1 1n
synchronou§1y. Thi'S ensures that a worKpi ece 17 possi bly already situated
i n unl oadi iy )poshtli Barderomorkel 252F dnbvdl devpeesq fldd/eXahpt et &f
transpart helt (8),ispnotyovededeeper dhanqasok arias Ihecunhoadi ng position
20, as a result o% whi ch t he wor kpi ece woul d ha%ter” At the sane tine,
however, t4¥REXeE&ERS of SN Ipit6EBs2 AT rieady HForfed 7% movEd “abWAWar d by one
posi ti on widditachherf fianeek. wihepfsene th and therlef areept he) ) .

Moreover, the vertical transport elements 3 and with them the
stack already formed are not moved downward relative to the
20 stack, such that no gaps arise between workpieces already lying

in the stack and newly added workpieces.

Loop 47 is ilterated until the frame is finally in the bhottom-
most position. If this is the case, the stack is completely

25 unloaded, and the entire loading and unlecading operation is
stopped either by the installation operator, for example by
pressing a button, or by notification by an unlcading
automation of the preceding processing and this is communicated
to the control in such a way that further workpieces are no

36 longer added to the stack (interruption loop 45 and loop 46 for
waiting for new workpleces become inactive). The entire

loading, stacking and unloading operation is then ended (49).

Figure 5 shows a second embodiment of the method, wherein

35 firstly the stack is built up completely from all n workpieces



30 | oading position 33 |lie one position higher than before after steps 42,
43. If a bottom nost workpiece is in unloading position 20 after steps
42 and 43, it is unloaded by nmeans of the renoval device 35(e.g. transport
belts 8) (44; step (e)). If no workpieet is in 23 unloading position 20
after steps 42 and 43, nothing happens, and the renoval device grabs at
thin air. An interrogation is not necessary. At this point in tine, a new
wor kpi ece can already be inserted in | oading position 33. The control of
the 5 device enables the parti al flom1(dashed line 45) fornmed fromsteps 41
to 44. Therefore, it ossi bl e si nul ta sly for _new geces to be
added to Fﬁ@msﬁﬁ%%”FF§ﬁﬁ§ﬁoeﬁo And 1o Be re s %@ r G t h %@%gﬁi from bel ow.
10 As | ongeasvthensubsegquenthé iterakogatinonhd P tHog thetfe amr L Ahehe
botton}nns ?" [ e,hegative, the frane 1, after the
unl oadi ng EQ%S% 69?3f§ec§d9953$%%ﬁ%§£1%§ u?s in each case noved downward
by a further position (47; step (d)), and further workpieces 17 are

unl oaded (44; qLepel iddonat 158t epd &)o): th@ dddsrigasen bhecdoadic m@deSI tion
33 for new workpi eces remains free and Evallable for S|nqltan

addition Gfef bt tHe %WWkﬁPeéé§u¥%sﬁh§Os?ac o1 stiEp SCETYY NBrEoveEr Fhe
verti cal &m@n&@ﬂm&dehﬂﬂﬁﬁt@oBSEWHb\Md:hsEhGpti@@i@@a@he&flE@@y formed are
not noved downward relativ ;hq:ZD t.no. arise

bet ween mﬁ?EMQ B 3%3%1 % 9e TR égggg%t§§q§)%2%4§gadde ior kpi eces.
Loop 47 |yhﬁmenaitmbtﬁname ﬂheSfm@mﬁﬂmsrﬁﬁﬁéiV% i ke TBHE T DM ISTISE

positign. -l f gthbs; dﬁsa%eft%éﬁ gl e StAcK ol st conpl af-el )émgédi.&ﬁ‘érﬁadﬁd and the
entire | oadi unl oadi ng operation is stopped either

n t
i nstal | at it%6® gﬁé?%%oﬁtoﬁﬁleeQaﬁp$¥?qﬁf“ﬁ?és§Fﬁﬁea:%hﬁpgncaﬁ Hgﬁﬁbtlflcatlon
by an unl Qadi-pgnautomatticomeah ot hecpieuedi g processinAgeanddtidrs: i $he

Commnl Catf%‘%mgoltshr?ogor{gvre%l rIeTatjl.J\?eh taC) V\%% E’Qr?t‘cgvglur&qu%em%%glx?ecrec%cgﬁe no

movemant of the stack in accerdance with step (d) is effected

h

15 by means of synchronous rolling of the vertical transport
elements and hence a movement of the stack relative to the

frame downward.

The frame 1 of the device accerding to the inventicn is

20 continuocusly in the topmost position (see figure 2(A)) and is
not moved in this embodiment of the method. Between the loading
position 33 and the bottom-most position of the stack, from
which workpieces are exclusively removed from the stack in this
embodiment, the number of free interspaces between the bearing

25 areas 4 of the vertical transpori elements 3 is at least equal
+o the batch size of the preceding processing step from which
the workpieces are removed. For PPG, lapping or DSP of
semiconductor wafers having a diameter of 300 mm, the batch
size of commercially conventional suitable processing devices

30 is, for example, 15 or 20 semiconductor wafers per processing

pass.

The method starts (38) by the installation operator pressing a
start button on the device, for example, or an unloading

35 automation signaling to the stacking device that the feeding of



30 longer added to the stack (interruption |oop 45 and | oop 46 for waiting
for new wor kpi eces becone inactive). The entire |oading, stacking and
unl oadi ng operation is then ended (49). 24 fromthe precedi ng processing
and only then are workpi eces renoved again fromthe stack fromthe bottom
to the top in the order of the preceding stack build-up. 5 The device
features required for the description of the nethod are illustrated in
figures 1 to 3. For the second enbodi nent of the nmethod, it is possible to
use optionally the first enbodi nent of the buffer store according to the
invention, wherein the frane, 1 'ES v%ble relat ve ta n% he removal device W
7, 8, 9 i HOAREFETTAS GPPARESH, oF 't Ae>S¥tond enboé nt of the buffer
store mntheals&aiv@ﬁa@mtfban91eﬁmcamyksa$@l)Mhéwméamrylmgﬂ0ﬁ¥ﬂﬁﬁécﬁethod
according o] th ) d.e i o t ed. rel ati,ve to the
Joghhe.aae0nd g ca?‘q Ml i d ngﬁﬁ&? i nat 1pnyed el

r emoval V|ce novenent stack in accordance with step
(d) is efh@¢39d8®5lby5ﬁ@&nspeﬁﬁgynéﬁﬁ@ﬁéaga?%ﬁﬂ|%b36flf+%@%éFPﬁé§9

transpart 1%'06”%“ sy and Jpence; a, Mmveneat nofn the: siacktegl aii ve taet he frane
downward. The frane 1 of the device acco dlqg to t?@ |nventéon is 20

cont i nuoudlefFpa) tH@“%dﬁﬁﬁ%ﬁabos?%qﬁﬂ?“(s8 15Ut € 2CAFY9ARd T ot moved i n
this enmbodisaeRhe8fod e methede Betweentt herd oadiay fposhet ow88aandeyhe
bottom nost position of t tack, fromwh r kpi e.,gxcl usively
removed fr @ﬁ\Pﬁ@lEngfyhﬁgfﬁPgh%ﬁ%oélﬁent b H%WP %e§8§ ?%ee i nter spaces
bet ween thamaa&angm25xaﬂ9a9r4ooflkh@mﬁeﬁﬁlﬁala@%@%@ﬁ@ﬁtd@¢%ﬁﬁh{s 3is at

least gqual, £9,the, bateh;: 31' Z%agfbééhe o%%%gwg Prcessing si@p from which
t he morkple €s are renove or. DSP of sem conduct or wafers

having a dﬂé@@ﬁéiyo@“@ﬁ@mhﬁPiﬁﬁée%ﬁﬁ(ﬂ? §R?e DRF e omtEr &A1 T nti onal

sui tabl e processing é%@“é%@%k%@ bﬁe Jﬂwvee&aaph@#k%Bn@@r%Oosenlconductor

waf ers per processing ass t hod %I%rts £§8%1 evt@ |fstallat|on

oper at or pPre$sFAgat i%%éﬁi 6@??85 dﬁl & VaevT for- exanprl e, an

unl oadi ng 3anautotesianrsisgbal bng mqnuﬂh@nsua@kwamﬁ1dé@iGelnh@mlﬁtﬂ§sﬁeeding

of 15 by means of branch 50, the loop 64 is iterated n times if the
natch consists of n workpieces. After the last workpiece has
peen inserted, installation operator or automation communicate
to the device according to the invention the fact that loading
is ended (48). The number of workpieces accommodated is thus

20 known to the buffer store (batch size n).

A sensor checks whether the bottom-most workpiece in the stack
touches the removal device {called "unloader" in the IZlowchart)
(40). If this is the case, the workpiece is unloaded {(44; step
25 fe}). If this is not the case, the vertical transport elements
and hence the stack of workpieces are moved further downward by
one position (43; step {d)) and an interrogation is again made
as to whether a workpiece now touches the removal device {(40).
This loop is iterated a maximum of n times (31), and then the
30 unloading process ends independently since all inserted

workpieces have evidently been unloaded.

The advantage of the device according to the invention and of
hoth described embodiments of the method according to the

35  invention is that workpieces coming from batch processing can



25 wor kpi eces is beginning (39). A sensor, for exanple a reflective |ight
barrier, checks (41), whether a new workpiece 17 has been placed on | oadi ng
p03|t|on 33. As long as no neM/morkplece has been placed, interrogation 41
isinthe waiting 5 | oop 46. As soon as® a wafer has been pl aced (step (a)
of the method), the vertical transport elenments 3 (designated as "toot hed
belts" in the flowhart) are noved further dowward by one position
synchronously (43; step (b)). As long as the installation operator or the
unl oadi ng automation does not signal that |oading has been conpletely

carried oyt géngegrl%dléalfﬂés@l 'lﬁ he, workpl ecessof fhe batoh firomst he

precedi ng processing are stack one above anot her by means of
|nterrogaﬂn@ﬁe4in%§Eﬁséﬁ)f&ﬁévﬁ%v%ﬁﬁﬁ%féPmtﬁ%ﬁv%$¥ﬂbéP tFanspdrttel enent s

by one posj.ti.en dopmward a( ég)zen(ﬂn irhlp%ir%@@@lai Sy W&@B$epf1rbmaﬁ@:h 50, the
| oop 64 is |terated ntinmes if con pigces, Af ter

n
the | ast ﬁﬁ?ﬁp?é%e“ﬁé?qﬁgeﬁolﬁ%eTT%d" ﬁé?%??%fioﬁ%gﬁggﬁ?d? Or-*&at'Smat i on
connunwcake;b@héhec@kﬂmameuacpebde$gpdgj The snventricomit heefectkitiraes| oadi ng

I's ended (48).  Ihe nynbef, . L%fergg | ggegancoquodal e s LS, 20 dngwn 1o

t he buffer ore (baté% size sensor checks whet her the bottom nost
workpleceasﬁackhessm@mﬂ@qwiﬁehesSP*@?T&H?@@QIaﬁevf%ﬁ¥<(@@pFedmﬂYﬁWQﬂéder" in the

flOWCharthgég}ceef SJNQ%ﬁl%gtbg £3589, he Workpiece isscunteaded (44r step
25 (e)) his 1s not the case, the vertlcal transport ele nts and hence

the stack TFLoREERPI €cds Hra ﬁﬁi‘/‘eds?alﬁkt hérddofmwaid Tsnéaﬁ on (43;
step (ﬂ»):@ﬂ@g@@*é@tﬁfﬂﬂgﬁblG@vi@e&@ﬁhﬁeﬁ@déc@ﬁlmp;Mﬁﬁkhein@ wnfkplece now

t ouches the reno e This |oop.is |te ate nqq}of n tines
(51), andEFﬁEﬁch BOQﬁhg%ﬁézﬁg rd€§§?p8% s* T hda eﬁﬁ%ﬁ??%aéénce al |
i nserted whﬂkmmeces'ﬁ&yeteWMdent&qc®@EmC@nWQadeﬁRﬂmﬁe”ééﬁ&ﬁ%age of the

devi ce accqrdlng.toLhe jvent oo And.of ot hodesgrihed, enhodigmnts of the

met hod according to invention 1s that workpieceS comng from batch
processi np&@Tdizg be Yiadkednithon F555Cs(RnIped tcuIcAE Fast  SHARS -

di scontd nugus),veycl @n@r}@ﬁ%nl@glr@m%ragahfntﬁé qmﬁﬁ@ﬂes:teac&wughhe correct
order (FIFO in a second (in particul ar sl ow) CQ they are

i nt ended tRF BESFedf oTP ST 10 b° sUbs &quéht ET% %fﬁb Britts

according to the invention. The direct, including manual
loading of the stack with subsequent transport of the stack
relative to the frame by one position downward is significantly
20 faster, in the case of manual loading significantly less
susceptible to incorrect placement and particularly ergonomic.
Moreover, on account of the rapid movement of the stack by one
position downward and hence the rapid release of the leoading
position, there is no risk that workpieces could inadvertently
25 Dbe placed one on top of another, which would be possible in the

case of the device in accordance with JP2006-032528A.

The first embodiment, wherein a stack is built up in the first
cycle of providing the workpileces from the prior process and at
30  the szame time is released again in the correct order in the
second cycle for subseguent processing (for example cleaning),
is characterized by the fact that both the vertical transport
elements and the Fframe move. The second embodiment, wherein
firstly a complete stack is formed from all the workpieces of

35 the preceding processing pass and the workpieces are



5 or other continuous processing. The stacking of the workpieces that are
to be buffered in the neanti ne one above another in a stack is particularly
space-savi ng and fast (short novenent distances for taking up additional
wor kpi eces into the stack or releaS|ng“?hen1fron1sa|d stack) and can
therefore easily be integrated into the device of the precedi ng processing.
In particular, the horizontal transport systemrequired for the feeding to
the stack in accordance with JP2006-032528A is obvi ated according to the

i nvention. Cbnsequently, t he device according to the invention affords a

greater SaV' %ﬁﬁ%%oyaésogggm the -botizon aly thansperd-of.the,
e he s

morkpleces tween rockets into the buffer store is obviated
accordinglﬁbCﬂhéa¢¢RM%ﬂﬁdoﬁY The B tedtati petudiify wEndart | oatisgrof t he
stack wit @l%%@ﬁ@guﬁrﬁoﬁer ansportapd ft%nstﬁ@i(efﬂeﬂtdevelbﬁ)dthe fasame by one

position downward is significant|ly 20 faster case, of, manu | oadi ng
si gni fi camdsy}tfF88s &fs ﬁﬁpbg 1?ﬁ%ﬁ%é8$ %? ‘%ﬁﬁ%@ﬁﬁ pars?%h?grly
ergpﬂpﬁlC:jWEﬁqayerg Ok aeaeanﬁemﬁlyiuﬁvmaped nve gt cof rédel stcadkrby one
posi tion ""'r‘:"’grﬁd?ﬁnd L hen %nEhJ?srt?tpé%gr ek eﬁéﬁsé)fuéé%% fgaﬁwﬂca%%g“ on,

there is n pleces Co i nadver t ent | be pl aced one on
top of anowh@rSLmhlEhﬂwnum@abefgbs@wbﬁérﬁﬁ @%%O%%%%WOfIFhéa%eVWﬁg in

accor dancg, W JB2006-0325264 The dicksbienbodi ment . wherein a stack is
built up in the first cycle of providing the morkpleces fromthe prior

process and at 30 the same tine is released again in the correct order in
the segondricycliest oemsdtiseguent pa@tcﬁssjamgy(f@mammlse ¢teaning), is

characteri zed b t he t hat h the v rtlga S engnt s and the
frane m)vesmﬁjré B&2on éﬁ‘?gﬁl i t ed‘reselbﬁ fi rs%}fy ?cg’% elge stack is

f ormed fr orheald 1@henﬂwwdqmre@emloim@® ndm@epreéeEerPqﬂO@@esglt@ﬁ;ﬁ%ﬁ§kand t he
wor Kpi eces are gl Syp %%?&'s g@é%ﬁ%@ egay%iues&@%%lﬁl ¥:id dheneorrect
he

order, is charac er|ze y fact that onl e vertical transport
el ements PIREELiNThEr $¢eafenD can F%@r%ﬁﬂﬁeéeﬁéer@%ﬁWfqnntPﬁst%%?tw%%?s and

drive 34, threaded rod: 15 1and:hhr eaded sheemecAda ddvrhizgyr eo 2 1ar e
consequent |y obV|aged The devi ce rgﬂﬁired for the sq&pnd enbodi nent is
t her ef or e E%ﬁ%ﬁﬁﬂ@téﬁ BT ant Py EOEPHPPY thah ThEESFaPThe first

enbodi nentpaddn hasctewets mevabkie partisicaand austibplieritgontr ebrkpisces
are-provided within a short time or simultaneously, and
cleaning in a continucus method preferably takes place
20 afterward, which generally has a comparatively slow cycle rate,
in any case there is always a sufficient number of workpleces

in the stack, such that waiting times never occur.

1f the bearing areas, as illustrated in figures 3By to 3(Ch,
25 are provided with depressions which can accommodate the

workpieces, a lateral guidance is provided during the feeding

of the workpieces to the stack, which is not provided in the

case of JP2006-032528A.

30 In practice it often happens that batch processing methods are
carried out with a smaller guantity of workpileces than
corresponds to the possible lcading number in the processing
method. By way of example, in the preceding processing
processes, workpieces may already have been damaged or not

35 processed correctly according to stipulaticns and, accordingly,



W The first enbodinent is particularly fast because it sinultaneously | oads
and unl oads the stack and, consequently, there is only ever a m ni num
nunber of workpieces in the stack, the nunmber of which is determ ned only
by the batch size of the preceding proé&ssing and the difference between
the cycle tinmes 15 of | oading and unl oading. Since the nethod according to
the invention is preferably used in conjunction with precedi ng batch
processing nmethods in which a multiplicity of workpieces are provided
within a short tinme or sinultaneously, and cleaning in a continuous nethod
preferably takes place 20 afterward, .whic ener.al | C aratively
sl ow cycl &%a Syeﬂﬁﬁghfe€§§%£?%é?€Li%nafﬁg§%‘gughﬁf¥§ g%%gﬁdﬁﬂgr of

wor kpi ecesfurmhthaost aek treukhd t ratgwairtsi Ay 2 i eepireviernet cirrind thhe
bearing argas ea§r$éé§§ﬁJaEﬁgiﬁp J&ﬁwQ§§t3£fgséQU@ﬁQﬂdugﬁl & phavi ded with
depr essi ons mﬁlc can accommodat e the workpieces, a latera ui dance is
provi ded dumi rg the Faedi RGSOPOT het Mok i’ 6esC t AtHE St aBk, SWHSHSFS not
provi ded inthe-caserofn 1B2006:832528MAp<30: | averactdiee it oftenrhappens
that batch processing nethods are carried out.mﬁtqfa %nghégéwquantity of
wor kpi ecestaR 0T r § tB%tHe FosSiPhra T oddi g "Ranber “in t he

processi ngeareibhedss Byoutay takrexanyd eshangetihe precedi ng processing
processes, workpi eces nmay al ready have been damaged or not 35 processed
correctly according to stipulations and, accordingly, 28 nay have been
separ at ed fouth, ehhodiwertst W4t therkpilace sccand iy tHerlisr enBentrHcked in

gr oups,j n 2. SiLTBLe, FAANAL: 1dUr g, Lhes ebbecpt 0ce38] G sehal for gapsthat
arise Individually 1n this way in the batch are not filled

("consol i &t & )D%%e%msé&uéﬁf BOWGTKpi®eEBE FTOMEUbsEFueht® gHoips at
every poi Mudin ihikpecnhen ey casi sesmdrgcaysersheclgrogprasseci @td on of

i ndi vi dual wor kpi eces wouyl d thereby be changed. Bgth e ' qf .t he
met hod accBrHiNGto ??ﬁ?#ﬁ% eﬁPi%ﬁgc%%fﬁfyﬁbg %f?dﬁ?ﬁ?bﬁgggkﬁgg&ihc%ethat
gaps causethdylabsent mmﬂkpbecesmm@mhbﬁﬁﬁa§33do@ﬁnﬂmnwﬁeOéo@r@ﬁﬁ'%Wder and
position in a %‘BHBll&%tﬁﬂﬁ' %iﬁéké-]? workpigces.t hepselves nFol o4 pur pose,

the sequences describe ure 4 and 5 are changed such that the
i nst al | at i oretopédr afof LOAWIAI EHt BESThidDéctirfefite BF Sgap to the control

of the buffer stere akidhe aor eespprdingreaadings idist antsithon examal e by
pressing a button. Int e,flasg enbodlneqﬁ %fhgureég)r&peofggggnthen noves
one positi b upwér 8¢ 4557 Eird 1t hEAVEret ca FrahspBt i* é"éméRf's nove one
position dowmwaird (43), suchthbataavayacancysi srpioduted abet helewingvant
20 location in the stack. During unloading (44) said vacancy is
detected and this information is passed on to the, for example,
subsequent cleaning, such that there, too, a vacancy is
produced at the corresponding position in the group. In the
second embodiment (figure 5) the vertical transport elements
25 are moved downward by one position (43); a gap 1s likewise

produced in the stack and can be passed on to the subseguent

processing in the correct position in the group, as described.

Alternatively, it is possible, if desired, also to bring about

30 "consolidation™ by the installation operator, in both
embodiments, filling the stack position by position regardless
of possible absence of individual semiconductor wafers. In this
case, sald operator can either terminate the stacking operation
at the end of a group by signaling "lcading end" (48), as a

35 result of which possibly absent semiconductor wafers and thus



20 location in the stack. During unloading (44) said vacancy is detected
and this information is passed on to the, for exanple, subsequent cleaning,
such that there, too, a vacancy is produced at the correspondi ng position
in the group. In the second enbodi nent 2{figure 5) the vertical transport

el ements 25 are noved downward by one position (43); a gap is |likew se
produced in the stack and can be passed on to the subsequent processing in
the correct position in the group, as described. Alternatively, it is
possible, if desired, also to bring about 30 "consolidation"” by the

instal lation_operataor, in bo (o]o] t filling.he, stack, position by
position P&&%P I%%%lo(HﬁogET%P%%ggégﬁgggogr?nd%J%dugL sgniconductot waf ers.
In this case, gsaid Opdracopncanleittertara vl 456 1ePBeKT hg Bpérati on at

the end of, a,group; by, 1sh-gnaki pg- < 0adisnd i gndi ol 48) neadsacBrLsulingf which
possi bly absent sem ' conductor wafers and _thus 29 vacant£ﬁ95|tL%ps W t hin

the group t&fevarapl &Ed 6N Ehe® ntf 6%t Ré group (rairdt enanc® ofF “§r oup-t r ue
waf er 3ssi:gRReRhucOdr Saitdreperat omesuppkeneats aftoes-consol fwdtieon by
means of displacin

.the vacant _positions to.th d p by filling
with 5 sef*C6hdactdr Waf &Fs“From HE”%%&FSg%%ﬁ%ﬂ?@fogé-%?gdgg urt her
pr ocessi n@iowrot rgriotye tthee rudkeivassidgnmefit 311 | hampréasecehowerér: here

the rel at iw"i%h%%%?e@{ ey lo.n%hgnmglpii%?%r@ﬁgﬁﬁue W@aﬁ%ﬁ%@ﬁ@@%uﬁi@lgone
anot her i s furthernore nmaintal ned durln%ﬁthe entire stack build-up and

t ake- down treocassr¢ ROk Opfi-Acipl a8 tA%FaFPYe WIS SpréfBY red appl i cation
of the,i nyenti-9pias. a buffer prior to cleaning in a continuous nethod is
described below with reference to figure 6. The description is given on

A particularly preferred application of the invention as a

buffer pricr to cleaning in a continuous method is described

pelow with reference to figure 6. The description is given on

15 the basis of the example of semiconductor wafers. However, the
method can also be applied to other workpieces which are

subjected to cleaning in a continuous method after batch

processing.

20 In this application, each of the workpieces additionally passes
through the following steps after step {(e] in the specified
order:

(g) transport of the workpiece through a cleaning device and
cleaning of the workpiece individually in a continuous method,

25 and
(i} sorting of the workpiece individually into a cassette by
means of a sorting device in the order of passing through the

cleaning device.

30 In this case, in the first cycle of provision by a preceding
batch processing method, the semiconductor wafers 17 are
successively inserted in typically short succession manually by
the installation operator or automatically by an unloading
autcomation into the buffer store according to the invention and

are stacked. The bottom-most semiconductor wafer 17 of saild

[#M ]
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15 the basis of the exanple of sem conductor wafers. However, the nethod
can al so be applied to other workpieces which are subjected to cleaning in
a continuous nmethod after batch processing. 20 In this application, each of
t he workpi eces additionally passes thréugh the followi ng steps after step
(e) in the specified order: (g) transport of the workpiece through a

cl eani ng device and cl eaning of the workpiece individually in a continuous
met hod, 25 and (i) sorting of the workpiece individually into a cassette by
means of a sorting device in the order of passing through the cleaning

device. 30 In this case, in the first _ cycle of provisi recedi ng
bat ch proS&&§kny® ndt GG FRES sEMCSIdac r(%rJghm%f%@?%ﬁa@%@%c%e%si vely

i nserted imembypl cadtireshditusace essivenrransaby yay cfhexamstald at i on

operator or _automati.cally . |.oading aut.onation.ipto-d he buffer store
accor di ng rteomoyﬁén?en‘@lec% i%ﬁmé%?%%ng?)e Stacked. Thée bottom most

seni conductondhas ef) 17 ¢hesabrego oscgek (F5 ¢ éacRechEeSHEhovied®fr om t he

stack Ry neans.of.@ remevak deviice (fikbaure 6:idlustrakesn bycomyizat-cexanpl e
a renoval device forned fromrollers é trags(g)ort bgl.ts 6 and spindles 9)
in the cori&8t TBF der™ TFIEEF 10y hé o Lavert ii° 8 APt he Shie tine as
further | cagi:ngief dherstaekten wocedanceiwh tdr tthe Bipskimpiodiosent of the

met hod according to the.invention or the, conglusion of the

st acki ng Woégggr%%n%%cw&rtgaﬁgg Wh %@bégg%%%{ eorégocri\i nent of the method
accor di ng dcaotrbéng nventieonnvaQtfdre sem conductor wafers 17 then pass, one
after the other and in the second cycle determ ned by the passage speed

through the cl eaning nodule, onto a further transport unit 35 the
transport el BSTOECRFRE IHGECEE L he SanB28peed A i he Franspoit Bélts 8 of

the renoval, dexi 6eecofk O <6 ashomsi e thutherpstore wkhdbehtsud wihth
bearing areas 4 and with a stack_of sem_conductor wafers 17 in a state with
a bot t om FOSE" 8T eIdictdr “waf 8F Tt é iRt 52di By 'posit roh on the renoval
devi ce, saifhrspate belty dfyphcah ofvd ke fthestaembodissents dhethe 20 net hod

accordLng 19 10e L”gefési%-of%\tﬁée._&%@q %@@tggngﬁcgqueowgggwézmé al r eady

si t uat &d otnratnﬁgof:r“an%port unit 35, a further wafer” (60) is already situated
in the cl earifey woduten 2 dsdtyed wHot Meerwaferr¢®1)! P§dariBady Sidtated in
the tray inroducihng,devi ce-26sfor the casseter?% bottom-most
semiconductor wafer in the unloading position on the removal
device, said state being typical of the first embodiment of the
20 method according to the invention. A preceding semiconductor
wafer 52 is already situated on the transport unit 35, a
further wafer (60) is already situated in the cleaning module
21 and yet another wafer (61) is already situated in the tray
introducing device 26 for the cassette 29.
25
The cleaning device and the cleaning method itself are not the
subject of the invention. Continuous cleaning by means of
brushes, rolls or sponges is described below as an exemplary
cleaning step. However, the inventicn can be applied to all
30 continucus or cyclic single-wafer cleaning methods known for
the abovementioend material-removing preprocessing (MWS,

lapping, PPG, DSP).

Preferably, the semiconductor wafers of a preprocessing group -

35  in the case of "consolidation", if appropriate, also the



25 The cl eaning device and the cleaning nethod itself are not the subject
of the invention. Continuous cleaning by neans of brushes, rolls or sponges
i s described bel ow as an exenplary cl eani ng step. However, the invention
can be applied to all 30 continuous or”cyclic single-wafer cleaning nethods
known for the abovenenti oend material -renovi ng preprocessi ng (MAS, | apping,
PPG DSP). 31 sem conductor wafers of a plurality of groups - after

cl eaning has taken place, are intended to be transferred in the correct
order in a dry state into a storage or transport cassette (which is also
deSIQnated A% %o& wgkgggc%?%.%ﬁ¥r§l§€§L9DQg%% Qr _waf-els acenigguired,

for exarrpl &M or renove the filled cassette and feed it
to a measbeEngakieyirde cEhabreEsiFrEsdone b O [EERPE ol Ut roRafel s of one

or nore groyps W th f,€0ard-Loipar anetersqd hat @@ sbaporiaetfrer the control
of the precedlng procéssing nethod. In_this c it is particularly

se, 10 i
pref erred FBiCl eafiatg 4RA-ETST5Y o bE BT F ectdd “saf Fi é?}ént ly rapidly that
at | east qre;semconduekaerwaier hasiakdeatlyr beempieasim ed-dsef drebthe next

pass of the.precedig progess] 10, has gueds i o grer Lhal A astal | ation

oper at or ate corréct settings of the 15 current
pass, for dcexanplerdthenepassedurat icon H(Oé@rﬁ@fé%fFWU@TtOﬁfhéaf?%IOft kiPékress of

the semc C fers) her. 00 QARLELS -Izpar— exanphsof@md mprovi ng the
waf er flaﬁlﬁggs&%cﬂ@ﬁgtﬁe?gg% | ?Japrow SI%I’I of rreasur%%l V;I ues for

correcti nghﬁhéowwéﬁréélés@ifﬁ@e‘i@geﬁf@@?éﬂl?% Widh% (P ety mé@ifer that at
| east fshe snext 9&%1:&!@@1@%9@@@&@9 Passleani s iddd beycogrectted, if

appropriate. are indicated further _bel ow for i.ng,
cl eani ng ﬁéeﬂ‘%@ "T‘ *rlé:dﬁéllt g §pee Ltl%‘gtTﬁe 1|"30r o://%l s?longglﬁ Clr'(lrclgs}laagltaj}'g3rgrent dat a
preci sel y wifh respecteddy then rnee@;SLm@td onéope eprocessi ngspash den even be

parti cul arI -advant ageous dual e qamc%hgagggtﬂl%qgﬁl ng
met hods sé)ch as ll-l%p%l ng, Sﬁbg B dou ﬁ\@e g?dce)g%?) l'ish |ne:g§éare of ten oper at ed

Wi th processrparanetiersif ﬁaprapﬁéﬁrﬁfﬁat SELONTFPESECt GC30-PE3 Ot By Sway of
exanpl &, the sLgns.of, %kh-%B@mﬁIéVQu§@%%@SdaE§tﬂh{a@oakbefﬂatedfbmepass
such that successive processing passes take 5 gce wth res eg%k%%
preci sel y Hielorbdc Hiotess kPRemettcddUAS L FRSTUTY, Che hof kpieces élmays
exper|encemhhgxggﬁgenaﬂﬂakmabvpﬁ@mﬁ&smmgﬁrhﬁMvawssfaUant and rear sides are
as

preferably, the provision of measured values for correcting the

20 preprocessing is effected in such a timely manner that at least
the next but one preprocessing pass can still be corrected, if
appropriate. Examples are indicated further below for the

unloading, cleaning and tray introducing speeds.

25 The provision of measurement data precisely with respect to the
next but one preprocessing pass can even be particularly
advantageous in an individual case since batch processing
methods such as lapping, PPG or double-side polishing are often
operated with process parameters that alternate ZIrom pass to

30 pass. By way of example, the signs of all the drive speads are
often alternated by pass, such that successive processing
passes take place with respectively precisely mirrored process
Yinematics. As a result, the workpieces always experience the
same manner of processing; however, front and rear sides are as

35 it were interchanged. The constant alternation between



35 it were interchanged. The constant alternation between 32 kinematically
mrrored or else totally different (different rotational speeds, pressures,
etc.) paraneters can also be particularly advantageous if, as a result,
nonuni f orm wear of | apping pl ate, poli§%ing pad or grinding pad, which is 5
general ly unavoi dable in the case of constant operating conditions, is

del ayed and, consequently, cleaning operations required for re-establishing
the target formof the working disks or working areas have to be carried
out correspondingly infrequently. In all these cases, the respective

even- nunbered 1 i8&8@#2@&98r8§%§?%ﬂ%@dtBQQ&I spegli-ve: odg: frurhered

processi ng passes ar ways conpletely identical, however. The correction
in each caseaafter! nessdeentRtsSAHEacE6Fdi PIESEFPUFat i ons 6f the pass

bef ore the.preceding passntssthes efgr espar téoular hynadventageausorls The

cl eani ng nmodul e 21 indicated by way of exanple in figure 6 conprises
el enent s SGERIAE RAFE Kn&Wn- Fb%?tﬁﬁé ﬁFi8Fln$%HQ(ﬁﬁcbr%§ﬁ$hr%ﬁI or sponge

cl eani BY: ePROSitE dM=anspaebler ohlere paisescR2coconsitsbbagapinan upper (22a)

and a lower transport, roller 20 22D, i rol.L.es ,pair..24,: .cQnsi sting

of an uppér {243y &nd "a e%%é?gcféénfﬁgSgéﬁggéﬂ%4b. %hen$r§%§pqﬁf rollers 22
and cl eanimgut okt efes 24-sgbsbahshiald yhdi fregeriory fft Ree tWpdifHar dness,

| ength, elﬁ%tkiscja%y\)oﬁ&%gzérgggsliﬁxy@ af, ﬁolgeizéz;pfécgdu%sCofbﬁs@fﬂcﬁlﬂgﬁ§ 23 of
the transport rollers are firner and nore_dinensional |y accurate and
transport irfeegemeonduict értwafete R Steans of T T Bt S %E%?iQﬂﬁééF”?ransport
roll erg22a).-20ds62b {d-0uRr sbHapsPofdspeaklies odd-numbered processing

passes are always completely identical, however. The correction
in each case after measurement and according to stipulations of
the pass before the preceding pass is therefore particularly

advantageous.

The cleaning module 21 indicated by way of example in figure 6

comprises elements such as are known from the pricr art for

brush, roll or sponge cleaning: opposite transport roller pairs

22, consisting of an upper (2Za) and a lower transport rolisexr
20 22b, a cleaning roller pair 24, consisting of an upper (24a)

and a lower cleaning roller 24Db.

The transport rollers 22 and cleaning rollers 24 substantially
differ only in the type {hardness, length, elasticity) and

25 density of their bristles. The bristles 23 of the transport
rollers are firmer and more dimensionally accurate and
transport the semiconductor wafer by means of rotation 62a
{upper transport roller 2Z2a} and 6Zb (lower transport roller
22p) in the desired direction of movement. The bristles 25 of

36 the cleaning rollers are softer and denser and preferably in
hoth cases rotate (63a, 63b) counter to the direction of
movement of the semiconductor wafer 60, such that they have a
gpeed relative and opposite to the surface of the semiconductor
wafer 61. The cleaning rollers 24 have a length and are

35 arranged with their axes perpendicular tc the direction of



22b) in the desired direction of novenent. 30 the cleaning rollers are
softer and denser both cases rotate (63a, 63b) counter to novenent of the
sem conduct or wafer 60, speed relative and opposite to the surface of the
sem conductor wafer 61. The cl eaning rol lers 24 have a | ength and are 35
arranged with their axes perpendicular to the direction of 33 novenent of
the sem conductor wafers in such a way that the bristles 25 touch the

sem conductor wafer along a |line perpendicular to the direction of novenent
of the sem conductor wafers and over a full dianeter of the sem conductor

waf er. On %v@ﬁgngﬁfletE@mﬂ@gﬁﬂﬁﬂkmoEakgﬁsSﬁﬁhﬁﬁﬂﬂﬁckgy wafenset hrough the
cl eaning device, the entire surface of the sem conductor_wafer on the front

and rear $itd6§1ps & MINCANEBBSTTUSRPCoGBr e HGEScPenlEd by t he

cl eani ng rolbers; 24 4:0tat kRg in-oppesi be divesdions. th6 dewleanimgoagent 56
is fed to the cleaning rolle %4 Q¥ nea?s gf argg%k%% gSvgggagrigg

devi ce) . ﬁ@#efﬁeaﬁﬁéﬁ%FaPyiﬁggl tHti6h 6 preceding "PPG priocessing of the
seni conducicaunaf ef s;het hevekeani o dhequiedi 56nguafer ablfyreohsi gt ghean
agueous Surfactantyseluion, aad pardiGularly prelerablysconsi kol pure
wat er. The é?ylna evice shown by way of exanple in figure 6 conprises
an upper (B7afeantont |sowerreg57h}Ae isng FaAt 2T lat CEEPAr VB¢ ed as a

thin gap ar,as g.mdd iRl 't%bt}/,l@ingxq:‘ indivi-dual nezzlies hhngsbagital ong a
l'ine, which are arranged perpendicular to the direction of novenent of the
sem conduct’de“hafefs and blow a sharp air jet 58a and 58b onto both sides
of thejgsem conductor wafer 60, which covers the entire dianeter of the

sem conduct or. wafer and_can renove )\ rf rface f.d.he
seni conduct 6rSRafe? B b g\%l ﬁan??gayv\}g;t%gn E%Vm}a%% arfoilir}e%lgt ?gi%famerée,sul t of
t he transpofta deverenis perpendngufaria=o -t Rer colue seao lelE dpys it ‘devi ce 57,

bot h si des, of, gﬁscéﬁ{%%%&%e%% A endrbegh over. the wheles area in a

conti nuous novenent. 30 Depending on the type and degree of contam nation
of the sentlcomdust bt Iwef s PE§TERe> pf SCBELRGSbat ¢ FroceYsi AY F0¢Ess
(lappi ng, PPGripel ! gts @rindiung: : dosd e-sbdedcpod ishi ng) pudd ferent
requi renments can be inposed in respect of the type and efficacy of the
cl eani ng. The cl eani ng nodul e 21 shown by

The drying device 57 shown by way of example in figure &

comprises an upper (57a) and a lower (57b) drying fan. The
latter are embodied as a thin gap or as a multiplicity of

20 individual nozzles lined up along a line, which are arranged
perpendicular to the direction of movement of the semiconductor
wafers and blow a sharp air jet 58a and 58b onto both sides of
the semiconductor wafer 60, which covers the entire diameter of
the semiconductor wafer and can remove water from the surface

25 of the semiconductor wafer by blowing it away and evaporating
it, As a result of the transport movement perpendicular to the
course of the drying device 57, both sides of the semiconductor

wafer are dried over the whole area in z continuous movement.

30 Depending on the type and degree of contamination of the
semiconductor wafers by the preceding batch processing process
(lapping, PPG, pellets grinding, double-sided polishing),
different requirements can be imposed in respect of the type

and efficacy of the cleaning. The cleaning module 21 shown by



34 way of exanple in figure 6 can be extended by further elenents (not
shown) in order to neet these requirenents. By way of exanple, it is
particul arly advantageous if the cleanlng takes place "wet in wet", that is
to say that the 5 sem conductor wafers?still wetted by |apping agent,
pol i shing agent or cooling |ubricant (PPG or pellets grinding) fromthe
precedi ng batch processing are kept wet already in the buffer store, for
exanpl e by spraying (sprinkling) or flushing nozzles (flushing).
Specifically, interimdrying-on of contam nants is Wparticularly

di sadvant ageols slnge driedsgn contai nante. LAKL o equshal |y gantheul arly

difficult t9 renbve “or c¢anno e renoved at al Moreover, as a result of
uncont r ol lledtdsypwig- om of<aor ke meE$ Guicds ??@ﬁﬁ%QWﬁﬁﬁﬁecedlng bat ch

processi ”%y%gg‘reé@eiat?{pl%xagpl & ghemicaliby) gaustdre apebi.shi ng.ragent, the 15
sem conductor Wwafer can be danaged, |rrever5|bly After clean| q and dryi ng,
the sem cOHGEELDBE WS &1pags” %%TOL ay FhEr ogudicnG2¥r ahdports unit 27,

wher e theyeal eohfansseri@d rknt0i Bl cassett By 20:hyli ey b@ayt;np¢kuhhungg devi ce
26, conprising 20 for. .exanple.a vac ri vice far tray
OHE%%osll&g ”B}) % ant % % ﬁgf{e@ qqd@ngg o@n QL

i nt r oduct i by i ng pushi ng nD “Th the cassette
29, the senmecenductortamaberscasngepar aeed feomlom@dsanéthere Bypidebs 30. The

tray introdugtion.takes.place L.dhe.portect order oA st orage and.

transport casséttes prior art can be used. |n the exanple
shown in f(ifgwsélagft@@t@rlaycah%mm%ﬂuéwé%gﬁ i%F ERBOATERBY mBans of a
Vacuunhgrﬁﬂﬁ%ﬁcgﬁarﬂwndﬂ%a@&bﬁ§a&@@u§Qﬂkﬁ@ndﬂﬂéﬁﬁowwﬂdﬂtaﬁinaﬁtﬁtﬁhdﬁurface

facing away fromthe tray transport unit 27, aresult, it
is pOSS|bﬁbfTSFuéls%6§€ﬁ&€H3 ﬁ%ﬁ%ﬁﬁr“ﬁa?% TR réadfite” @% posi t i oned
on the tragnRtHoduct nig mma@spert amid 2pubhi b8 wherpredédindgrsieri-oonduct or

wafer is still bei ng%{g%;gjspgxggdﬂlgtporeté;%lﬁesﬁﬂéﬁ 2L RYLHE S d¥%ss,

|ntrodu0|ng devicé?2
for example chemically caustlc polishing agent, the

15 semiconductor wafer can be damaged irreversibly.

After cleaning and drying, the semiconductor wafers pass onto a
tray introducing transport unit 27, where they are transferred
inte a cassette 29 by a tray introducing device 26, comprising
20 for example a vacuum gripper 28 and a device for tray

intreduction by means of a lifting and pushing movement 36. In
the cassatte 29, the semiconductor wafers are separated from
one another by webs 30. The tray introduction takes place in
the correct order. All storage and transport cassettes known in

25 the prior art can be used.

In the example shown in figure 6, the tray introducing device
26 is embodied by means of a vacuum gripper 28, which grips the
semiconductor wafer 61 at its surface facing away from the tray

36 introducing transport unit 27. As a result, it 1s possible for
a subsequent semiconductor wafer already to be positioned on
the tray intreducing transport unit 27 while the preceding
semiconductor wafer is still being transported into the
cassette 29 by the tray introducing device 26.

35



One concrete exenplary enbodi nent invol ved operating a buffer-storing,
cleaning and tray introducing device enbodied in 5 accordance with figure 6
for cl eaning sem conductor wafers from precedi ng processing by the PPG

met hod. The pure grinding tinme was apngxinately 4 mnutes during the PPG
processi ng. For |oading a PPG batch of 15 sem conductor wafers having a

di aneter of 300 mm the installation operator needed Wapproxi mtely 90
seconds; and approximately 120 seconds for unloading. Including ancillary

times of the installation (pivoting, lifting and | owering of the upper
wor ki ng disk _at the begi nning and end of the process; positioning the
carriers Ptfie seniconductor wafers after the end of the pass, such 15

that the carrier |oaded first was the first to pass into the unl oading

posi tion %%Eegoﬁgﬁﬂ§p%xgkpﬁggyQﬁ@ﬁxﬁ%@ﬂtr@ﬂayhﬂgi%@@EQ@QQ@C&QﬁﬁM@E@FS
possi bly adhering to the upper working disk after, the eng.q%alhe pass), the
cycl e ti metRASNEDPFO3ATHEGe FHC OF B i AUTRE U< ThE BUHFEr SEPoPe=had oper at ed

with 2Q thec bi-rstcanthed fagaes di ngb# @ltkheihaventicond(st ol tafreous rstack
| oadi ng and unloading). W.th a tatal,unl I hg rat.ion wo, m;nutes for
one PPG p§§§Fegﬁ8giQég%ﬁsﬁéP?o%y fhe Pﬁé m%ﬁgog fk %hrg gQInéfﬁh 1By

oper at or us~1 oaded one”sem conduct or waf er
i nto the bufsf eppstoies el vadenage: ey el iepghte stRfomdece281The Ye&nhoval device

(7.8, 9 in figyr l.oaded pne. seni-capdust o, Maf.er .evesy= 20 seconds and
fed it onlﬁagéﬁgeéoéﬂ%e f%gtSZ cnl's tochouble-sfﬁe gon?inu%dz brush

cl eani ng. dthecteanspordl davi Ebe ofn e LEGAET Nt (1" &AFPATSt hus needed 15 30

seconds, t o sWeepnQVely ad erabhaef ihe dirasriescofy azseskeonducicor wafer.
Bet ween t he “sem conductor wafers {ﬂere was a safety. disﬁ§2§ﬁ19f 10 cm on

average, cBrreSpBAdi Mt i8dsaBeht tver Tie of 5 seconds &

e passage of a
sem conductgronaher f1omrichenbegowniing off uhtogdiarg wvierasamt hélbufdfter store

35 until the end.of ;tray Jntroduction, intst hg.casselitg 20100k 205

with the semiconductor wafers after the end of the pass, such

15 that the carrier loaded first was the first to pass ilnto the
unloading position after the end of the pass, and removing
semiconductor wafers possibly adhering to the upper working
disk after the end of the pass), the cycle time was
approximately 9.5 minutes. The buffer store was operated with

20 the first method according to the invention {simultaneous stack
loading and unloading). With a total unloading duration of
two minutes for one PPG pass, the installation operator thus
ioaded one semiconductor wafer intce the buflfer store on average
every elight seconds.

23
The removal device (7, 8, 9 in figure 1} unloaded cne
semiconductor wafer every 20 seconds and fed it on a conveyor
relt at 2 cm/s to double-side continuous brush cleaning. The
transport device of the continucus cleaning thus neaded 15

30 seconds to sweep over a length of the diameter of a
semiconductor wafer. Between the semiconductor wafers there was
a safety distance cf 10 cm on average, corresponding to a
sweep-over time of 5 seconds. The passage of a semiconductor
wafer from the beginning of unloading from the buffer store

35  until the end of tray introduction into the cassette 29 took 90



36 seconds. As expected, upon the |oading of the |ast sem conductor wafer
fromthe PPG pass by the installation operator, the stack of sem conductor
wafers built up in the buffer store contained the highest nunber of

buf fer-stored 5 seniconductor wafers, manely up to eight, depending on the
actual unl oading speed of the installation operator. The |ast sem conductor
waf er was renoved fromthe buffer store by the renoval device 5.5 m nutes
after the beginning of the | oading of the buffer store with the first

sem conductor wafer fromthe 10 PPG pass and was therefore situated in the

cassette 7 mpuges,aflal CEE@ h%ﬁgJQ%eoﬁogggn Wf en.stgre with the first

sem conductor wafer fr ass. For the installation operator there
still renwienédondeias OfraLéﬁefW%l}'th@ IFRCoPEEF 1 PradBsStieltasdette onto a
measuri ng (devi e, (and @%@&%ﬁ%ﬁ&&@mewv&ﬁd& oassette i tthet he

sem conduc or wafers fromthe precedin ass f m. he ne ring device)
and to mak&TEBE F Y TIFANgas B Tif}?e?’lf’ﬁ&%is ?‘é@? e 6{1% n%accor gtzlr%lce with the

pr ecedisng s@&aauﬁ@mmn wbﬁfatbl%e tdez nextr PPG:paiss agetdibe ¢rodded (9.5 nin
PPG cycle type min Osag %g&ag q%aqh%ga@a»p@as%%rgwﬂ Ms ;Lem n

rreasurlng VI ce'p dcenel I me y|e mn = | 0adi ng time). Therefore,
enough addietii onatiutiome V@tfrﬁlrl wepenmeed SueR EPhatbuWidieti AGCTE s théver

occurred and fthe Lostal l:ati Qn,oper atsok Was. ab nhrtrg_n@r edefiae dhmrgveral |
cycle of the entire unloading, bufferin /cleam i ryin uring 25 and

r el oadi ng B 66EdBREEETHE CCRednF g HoddF Zie%%o %Fug?gﬁr Fhé™franner
descri hed @hoyesangn@sidd lusteated dinicgdr én6ch8aAscinet henexenpl e

illustrated in fégugﬁ%{l t he Lgaybdggerro%%%%ucyggyl Chf% %@v\_/s\as equi pped with a

vacuum gr ippér 2 rips the sem €6 of Wa fromits top side.
The tray |srﬁrrr1@;dudungozprvcacfessflrarst@¢ﬁ@@r@ﬂﬁﬁat@@ tthen l@éééhh%tl@f t hese ten

seconds, the tray 9. Lransport (upkt .27 was.:blecked foie0mly 35
t hree secoor%esrafo ltcﬁl?léelgér)g;ljslucg”llng %p%?fztl on. Wt ?1 aotl mal |unterval e37 of five

seconds betlssen taceessiiie §§ﬁ?c%rf@l%ﬁ:‘%%frl%fi§%c? dixtaREeChE A dM wit h

transport speed of-2.Ld Skt heref ohe,sd0 wattbhgr tiare rar gsenhee either. 5
The present invention can be used for the, buffer: st.orag e_of any waf er -type

wor kpi ecesoFeediifof if $¢. TThBsE ?ﬁ%ﬁﬂ?&glngo?e%&%%l e, éﬁnla? ar wafers
conposed ofstgliass cAEn@ yMrmum=asrs ubsitraties ibor it hecqprodocti ot oftiifagnet i c

mass Storage AR¢geR. {0 Skale R SAMRULEr Brc QPIdL AL OLESEES and
loaded {9.5 min PPG cycle type minus 7 min total cleaning
20 passage time minus 1 min measuring device placement time yields
1.5 min = loading time). Therefore, enough additional time
still remained, such that waiting times never occurred and the
installation operator was able to predefine the overall cycle
of the entire unloading, buffering/cleaning/drying, measuring

25  and reloading procedure,

The cleaning module 21 was constructed in the manner described

apove and as illustrated in figure 6.

30 As in the example illustrated in figure 6, the tray introducing
device 26 was equipped with a vacuum gripper 28, which grips
the semiconductor wafer from its top side. The tray introducing
process lasted approximately ten seconds. Of these ten seconds,
the tray introducing transport unit 27 was blocked for only

35  three seconds for the raising operation. With a time interval



M nmulticrystalline sem conductor wafers for the production of photovoltaic
cells and, in particular, nonocrystalline sem conductor wafers as starting
material for applications in electronics, mcroelectronics and

m croel ectronechanics. Cains 1. A device for buffer-storing a
multiplicity of wafer-type workpi eces (17), conprising 5- a frame (1), at

| east two transport elenents (3) which circulate in a vertical direction
around in each case an upper and a | ower deflection device (5) connected to
the frame and which are provi ded, at uniformintervals, with a multiplicity
of bearing Wareas (4 or the hor| L pount Q ces (17),

wher ei n ag*léég? éoQ thewae? C%%%%EgeV|ces(%§%C %rggéﬁy#fansport

el ement (a)ilsSandq:@vcem I@ndnwmetéltﬁfaai@péé spaee 9% Zsicpnat et BEtwEEn t he
transport el egent.s, ( %ﬂ 2okoading roskLion (33) between the upper

defl ection devi ces 15 whi ch position a respective workpiece (17) can
be placed onto the correspondlng bearing areas (4), and a stationary
renmovals dq%gcgrgggﬁwvﬂﬂv@n&gadiaganSMEEanféssaheGﬁﬂﬁékskt@x&gdumﬁ zont al
transport device (7, 8, 9), the_fi |ch i, t the free
space betmﬁéﬁrfﬁ%p?r%ﬁﬁﬁ&ﬁﬂ?eﬁoﬁTe Orm(§)1Ze gﬂj gé?%% géqblalned in
claim1l, whemrela, thentiranspdetsetanments pg)gém%SUUDﬁhemlhmmtaﬁ the teeth of
whi ch forn‘% €. bg Iggﬂangivgéﬁcg r1%@em§8£59h§%%%s(éZ%r§§% Rvikag device
as clai med i Eraim i s8ing four cireul ating transport elenments (3),
wher ei n t waaogf! ﬂhek$bdﬁﬂtﬁ@ﬁ@bé?%seﬁéﬁ%ﬁﬁé Q%?S%ﬁéaﬁﬁ eagﬁt%ase driven by

def | ecf,i on, deyi-ces: £ 5); whisehargufixad QReasCcommimeshabtu¢d)n @nd wherein
30 the two transport elenments (3) in each ,case have co omyon_k beari ng areas

(4) whi ch RGHAEEL AT ocetlrlzf'né‘ﬁart | Rifeity L pgy Monocrysta

semiconductor wafers as starting material for applications in

electronics, microelectronics and microelectromechanics.



4. The device as clained in claim3, wherein the bearing areas (4) in each
case have a depression (65) adapted to the form of 35the workpiece (17).

39 5. The device as clained in either of clains 3 and 4, wherein the
transport elenents (3) are chains, in &ch case conprising a nultiplicity
of chain links (70) connected by articulations, 5 wherein the bearing areas
(4) are connected to the chain in a manner rotatable about the

articul ations and have cans (66), wherein the rotation of the bearing areas
(4) islimted by a first end stop of the bearing areas (4) against the
cans (66) gf the adj acent bearing areas (4) and by a second end stop of W
the cans F 8} of the bearing areas (4) against the chain links (70),
wherein the bearing areas (4), upon circulation (6) of the chains around

the deflegti g”dg@i’ée@%v( %hf@@raé?%u% of mt hei g1 Weicghbs @5 Lo :sidgat ed agai nst
the first end stop Iin the upwardly noved chain strand and agai nst the

second end“%ﬁ@be?%SthQ dowAREF #f Y 9roved chain strand. 6. The device as
clainmed in anyrgfeclmai,ns 1 to 5 wherein the frane (1) is novable by neans

of a drive (34) in vertical d|r ction.r tive ., device (7,
8, 9). 20"%? %ﬁ%sﬁ C&TAECRI AT it %‘Hﬁﬁtglgéﬁi%buﬁhere?ﬁl%ﬁgp¥fane (1) is
connectedv@rala&ll@ﬂmﬁcmame thoeaded bash (4193 an)q@pﬁﬁréaéeﬁjﬂ@@r(15) whi ch
can be caysed Lo, LotalA By (3 dodyfe d34) Suche Lhaind B £AIE, (k) can be

[ [

noved in a vertlca device as clained in any of
clainms 1 twosideherdi maiferir aies (VB 5 rswéﬁ%t?dm%ﬁﬁf919Cl%YH%tH%ﬁ?qi £

buf f er st ofing Nz Waf &F -iEpe woE kil £CesuhiT)g 30r indikyiduak| yione above
anot her without touchin adjaCEHt mg%%ﬂleces in.a deV|gﬁ as ¢ cI imed in
claim1, WHEFER Hendtes ARSI At eyt FsOgr 8Bt wherein the

met hod comansesrt heldmddtowizngist@pisrdrn ahiewspeeidf |aed:"”@Edepace( a)s i nsertion
of a workpigce (17) L0ty the Loading Pasthlops3p433).

- & loading position (33) between the upper deflection devices

15 (5), in which position a respective workpiece (17) can be

placed onto the corresponding bearing areas (4), and

- a stationary removal device below the loading position (33),

comprising a horizontal transport device (7, 8, 9), the first

end of which lies within the free space between the transport

20 elements (3).

2. The device as claimed in claim 1, wherein the transport
elements (3) are toothed belts, the teeth of which form the
bearing areas (4) for the workpieces (17).
25
3. The device as claimed in claim 1, comprising four
circulating transport elements (3), wherein two of the four
transport elements (3) are in each case driven by deflection
devices {5) which are fixed on a common shaft (12}, and wherein
30 the two transport elements (3) in each case have common bearing

areas (4) which connect sald transport elements (3).

4. The device as claimed in claim 3, wherein the bearing areas
{4) in each case have a depression (65) adapted to the form of

35 the workpiece (17).



40 (b) synchronous rolling of the transport elenments (3) such that the

wor kpi ece (17) is progressively noved relative to the frane (1) by exactly
one vertical distance between the bearing areas (4) perpendicular to the
wor kpi ece (17) fromthe |l oading 5 posifion (33) dowmward and the | oadi ng
position (33) thereby beconmes free again, and (c) repetition of steps (a)
and (b), until all n workpieces (17) have been inserted, such that a stack
of n workpi eces (17) arranged one above anot her and bearing individually on
the 10 respective bearing areas has been formed. 10. The nethod as cl ai ned
inclaim9, wherein the method conprises the follow ng additional steps in
the specified order: (d) vertical novenent of the stack by in each case
one verti cal ﬂésd@mn@ betméehm@@ebbeathﬁg af eals: () SdewAwar dVngEiLh t he
bottomrm %p%@e (1) hears; fgkrteh%hggﬁ@vam %%whceagz,c&pra)smg (e)

renoval ‘bot t om nost mor i ece fromthe 20 stack by neans
of a h0r| zaomlétlmb\/@r‘?e’npkoflh@h@ #Jéﬁﬁ/aiﬁodeW%@C(tﬁd 8y oy “hmdhaH(eys

repetitionQf-steps (A:-and (edas Uunhi laral bommywikpitecese (dijirhaveabeen
renoved fromthe stack. 25 11, The nethod as claine aim u5|ng a

devi ce as“@Pﬁ?ﬁeﬁP?%r%ﬁlélﬁ?@htmﬁ%?eﬁﬁTlguéﬁébﬁp%ﬁaQHD%ﬁﬁleé%%s( ‘i's built
up by carry=Rgiouthstepsciah to (o) wndiat theasaite uﬁnél@neabﬁmaaplurallty

of morkpl%%§§ (17) are remye ed,, Q%gyﬁ{%&%g%thg)dg Kﬁtntgge derg -of

i nsertion rYyihgFodt st'eps erein the vertical
movement off the st arderitn baeconrdameeaan tth stepyY d ﬂ@?O@ﬁf@é@eﬁFq§yoﬁeans of a

vert|c%l W%%ﬁ%ﬁﬁ& Pé% g> E%@”Ee£§Qné%hﬁka$4¥Oaéﬁﬁnﬁe$a¥abhgﬁyug%k%7 8,
as claimed 1n claim 11, wherein, betmgen st eps
35(a) and (W), Wh%r¢¥hﬁ%m1I?aF%“ﬁUW%ﬁ*hdﬁérduP%“éFWV%dFGl?%e

+he chains around the deflection devices (5) on account of
their weight, are situated against the first end stop in the
upwardly moved chain strand and against the second end stop in

15  the downwardly moved chain strand.

§. The device as claimed in any of claims 1 to 5, wherein the
frame (1} 1s movable by means of a drive (34) in a vertical

direction relative to the removal device (7, 8, 9).

20
7. The device as claimed in claim 6, wherein the frame (1) is
connected via at least one threaded bush (10) to a threaded rod
(1%}, which can be caused to rotate by a drive (34) such that
the frame (1) can be moved in a vertical direction.

25

8, The device as claimed in any of claims 1 to 5, wherein the

frame (1) is statiocnary.

9. A method for buffer-storing n wafer-type workpieces (17)
30 individually one above another witheout touching adjacent

workpieces in a device as claimed in claim 1, where n denotes

an integer that is greater than 1, and wherein the method

comprises the following steps in the specified order:

(a) insertion of a workpilece (17) intc the loading position

35 (33},



removal device (7, 8, 9) by one vertical distance between the bearing areas
(4). 13. The nethod as clained in claim 10, wherein, firstly, a 5 conplete
stack of n workpieces (17) is built up by carrying out steps (a) to (c)
and, afterward, the n workpieces (17) are renoved again fromthe stack in
the order of insertion by carrying out steps (d) to (f), wherein the frane
(1) is no noved relative to the renoval device (7, 8, 9) and wherein the 10
vertical novenent of the stack in accordance with step (d) is effected by
means of synchronous rolling (6) of the transport elenents (3) and hence
novenent of the stack relative to the frame (1) downward., 1514 gge met hod
as cl ai nedbinsanyhiohasisar AL 109 t &5 13 WRERSR T e &CHT6F -F he” workpi a5 (17)
passes through.the: dQl | aw ngssheps-afdienlstaprde)rdlntthe spedid ifedmer der:
(g) transport of the workpiece (17) fhrough a cleani vice and
cleani ng oft't RE G#7 KpiYeCBS(195© %%?\ch?ﬁﬁfl% }?ﬁtwéaefﬂtglgnfg?%ﬂlons(a%e%%aﬁod, and
(i) sorting)obethenanrkpirece (AF)winidiivicdual Ty fmtro thecasseétit®e (29) by
means qQf a sorting vice in.t r f S$S1-R ough- cl eani ng
devi ceS(ZBO.SlQSC)ng%hg%%gJ%gé %Igdc %%é}gglhﬁgcifcgaia%%f%, \%\Efer ein eglo@furt her
step (h) desoebfetted duetineennsdtep (g) and step (i), the workpiece (17)

bei ng drie&niQeﬁ@{gtLH{Qﬂegtéﬁgp(£h)and (b), until all n workpieces
{17} have been inserted, such that a stack of n workpieces (17}
arranged one above ancther and bearing individually on the

10 respective bearing areas has been formed.

10. The method as claimed in claim 8, wherein the method
comprises the following additional steps in the specified
order:

15 (d) vertical movement of the stack by in each case one vertical
distance between the bearing areas (4) downward until the
bottom-most workpiece (17) bears on the removal device (7, 8,
9,

(e} removal (37) of the bottom—most workpiece (17) from the

20 stack by means of a horizontal movement of the removal device
{7, 8, 9) and
(f) repetition of steps (d) and (e), until all n workpleces

{17} have been removed from the stack.

25 11. The method as claimed in claim 10 using a device as claimed
in claim 6, wherein a stack of workpieces (17) is built up by
carrying out steps (a) to (¢ and at the same time one or a
plurality of workpieces (17) are removed again from the stack
in the order of insertion by carrying out steps (d) to (L}, and

30 wherein the vertical movement of the stack in accordance with
step (d) is effected by means of a vertical movement of the

frame (1) relative to the removal device (7, g, 9).

12. The method as claimed in claim 11, wherein, between steps

35 (a) and (b), the frame (1) is moved upward relative to the
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removal device (7, 8, 9) by one vertical distance between the

bearing areas (4).

13. The method zs claimed in claim 10, wherein, firstly, a

complete stack of n workpieces (17) is built up by carrying out
steps (a) to (¢} and, afterward, the n workpieces {(17) are
removed again from the stack in the order of insertion by
carrying out steps (d} to (£}, wherein the frame (1} is not
moved relative to the removal device (7, 8, 9) and wherein the
vertical movement of the stack in accordance with step (d) is
effected by means of synchronous rolling (6) of the transport
elements (3) and hence movement of the stack relative tTo the

frame (1} downward.

14. The method as claimed in any of claims 10 to 13, wherein
each of the workpieces (17) passes through the following steps
after step (e) in the specified order:

(g) transport of the workpiece (17) through a2 cleaning device
(21) and cleaning of the workplece (17) individually in a
continucus method, and

(i} sorting of the workpiece (17) individually into & cassette
(29) by means of a sorting device (26} in the order of passing

through the clieaning device (21).

15. The method as claimed in claim 14, wherein a further step
(h) is effected between step (g} and step (i), the workpiece

(17) being dried in said further step (h)}.



